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TRANSLATOR'S PREFACE.

I FEEL confident that no apology for presenting
this translation to the public, nor any culogy on
the author of the original work, are at all necessary.
The name of Berzelius, as a skilful and patient
experimenter, stands almost unrivalled ; and the
present Essay amply vindicates his claim to the
high reputation he has acquired. It is an inva-
luable collection of important and new facts, and
admirably supplies the want, which has long been
felt and acknowledged, of a scientific practical trea-
tise on the blowpipe. Some explanation, however,
and to the author some apology perhaps is neces-
sary, as Lo certain liberties I have taken with the
original. In the first place, I found the descrip-
tion of apparatus so very minute, that though such
may be desirable in Sweden, in Britain I am sure
it is not wanted, abounding as this country does
in skilful artists, from whom every species of phi-
losophical apparatus may be had, of the best work-
manship and construction’. I have therefore

1 Mr. Newman, of Lisle-street, Leicester-square, makes
complete sets of apparatus for the blowpipe, containing every
thing that the operator can require. Each article may be
had separately, or the whole together, neatly arranged in a
small case, with fluxes, &c. ofthe greatest purity, (an object
of primary consequence,) at the option of the purchaser. Mi-
nerals of all kinds, both for collections and experiment, may
be had of Mr. Sowerby, King-street, Covent Garden, and of
Mr. Mawe, near Somerset-house, in the Sirand.
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shortencd several of these descriptions, without
however omitting any thing essential. In all that
relates to the habits of the various subjects of ex-
periment, whether of the substances in their pure
unmixed state, or of their compounds as minerals,
I have most cautiously abstained from deviating
from my author; not a single character, in any
one instance, has been intentionally omit{ed. But
though I have held 1t matter of conscience to leave
out nothing on these heads, I have been less serupu-
lous with respect to his nomenclature and formula.
Berzelius, as is well known, has adopted an hypo-
thesis of his own framing, founded en electro-che-
mical attractions, in which, when two elements
combine, one of them is always supposed to be
electro-positive, and one electro-negative, with
respect to the other; and he has further laid it
down as an established canon, that ¢ compound
atoms of the first order,” (that is, composed of only
two simple elementary atoms,) “having a common
electro-negative element, always combine in such
proportions, that the number of atoms of the elec-
tro-negative element of one, is a multiple by a
whole number of that same number in the other:
—that is to say, for instance, in the combinations
of oxidated bodies, the number of atoms of oxygen
of one of the oxides.is a multiple by a whole num-
ber of that of the atoms of oxygen of the other;
and In combinations of sulphurets, the number of
atoms of sulphur of the one, 1s equally a muitiple
of the number of atoms of sulphur in the other.”
(Lissai sur la Theorie des Proportions Chinugues,



TRANSLATOR'S PREFACE. Vil

p- 87.) According to this canon, he calculates
the composition of natural minerals, and expresses
the results by certain signs and formula which he
has invented for that purpose. With respect to
his canon, it seems to me to differ in nothing es-
sential from the common doctrine of chemical pro-
portions, (in fact it is merely an hypothetical ex-
tension of it,) by which the greater number of
compounds are illustrated with beautiful simplicity;
and as to those which appear to be anomalous, it
is probably better to let them stand for the present
as acknowledged difficulties, than, in attempting
to surmount them by arbitrary assumptions, in-
cur the danger of involving the whole theory in
obscurity, if not in error. Time, that has done so
much, may do more; and future experiments will
perhaps satisfactorily illustrate what now appears
puzzling and obscure. When I turn to my
scale of chemical equivalents, I find iron opposite
the number 84'5, denoting its equivalent or
ratio of combination, (that of oxygen being taken
as 10,) oxide of iron 44-5, and red oxide of
iron 49'5. This is a simple statement of facts,
derived from the best authorities, and surely
it is better to let it stand so (which answers
every really useful purpose, and more perfectly
than any other, because more simple), than to
perplex ourselves with questions of atoms and half
“atoms, and by doubling this, and halving that,
endeavour to make nature bend to our precon-
ceived opinions. The author’s nomenclature is
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closely connected with his canon; thus we find
him expressing the composition of magnetic iron-
ore (Traité, p. 145) as that of one atom of oxi-
dule (protoxide) of iron, with two atoms of oxide
(peroxide), the former containing two atoms of
oxygen, the latter three; and, adopting Latin names
and terminations, he calls the protoxide of iron, oxi-
dum ferrosum, the peroxide oxidum ferricum, and
the compound we are speaking of, oxidum ferroso-
Jferricum. 'This, and similar terms, I have taken the
liberty toreject,using instead those commonly adopt-
ed in this country. The chemical and mineralogical
symbols are compesed of the initial letter or letters
of the Latin names of the various elementary bo-
dies ; for the former, the common Roman capitals
are used, over which are placed as many dots as
there are supposed to be atoms of oxygen com-
bined with the electro-positive element; for
the mineralogical symbols Italic capitals are em-
ployed, and the dots omitted. In the formule
they are connected by the usual algebraic sign of
addition. These formulae I have omitted in toto; but
that the reader may not lose the information they
are intended to convey, I have subjoined, in notes,
the compounds they respectively indicate in com-
mon language. I have taken this liberty (and, I
here beg to assure my author, with any feeling
rather than that of disrespect), because I do not
think the introduction of these, or any other sym--
bols, at all necessary : it requires some time and
paticnee to make onesell thoroughly master of
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them ; and, as it strikes me, to little purpose.
Why are the symbols of the old chemists abolished,
but from experience having proved them to be
unnecessary ?  Although first intended as a sort
of secret writing, they would have retained their
place, with open meanings, if useful. I have taken
this liberty, because these signs and formule are
little known in England, and consequently with-
out an elaborate and tedious explanation would be
perfectly unintelligible to most of my readers. I
will candidly own too, that thinking them rather
calculated to perplex than facilitate our progress,
I do not wish to see them used in this country,
and therefore I could not honestly add my
mite towards their introduction, by adopting
them. If I be wrong, their merit will outweigh
my censure, and they will prevail; in which case
I shall readily bow to superior judgments. I have
the satisfaction, however, of knowing, that some
persons, whose opinions I hold in high respect, are
as yet, at least, not very far from my way of
thinking on the subject. I have inserted (in notes
marked C.) such additions as I thought wanting in
the original, and I have also collected into one view,
in the form of a synoptic table, the principal pyrog-
nostic characters of the pure earths and metallic ox-
ides, which I think the operator will find useful, when
occupied with his blowpipe. I have not included
cither sulphur, selenium, or arsenic, in the table,
as they are so readily known by their respective
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odours, when heated on charcoal, and the sheet

is already almost too large.
J. G. CHILDREN.

British Museum, March 1822,

P.S. At p.104, I have recorded the kindness
of the Rev. Dr. E. D. Clarke. Alas! that we
should so soon have to lament his loss! Since that
sheet was printed, his career has closed on this
uncertain world for ever—an event that will be
sincerely deplored by all who value philosophical
ardour and private worth.



NOTE TO THE READER.

I have inadvertently fallen into an error which
I request the reader to pardon and correct. As
far as regards the main object of the following
pages—practical instruction in the use of the blow-
pipe—it is wholly and absolutely unimportant, but
as it might lead the general chemist into mistakes,
it is necessary that I should acknowledge and
remedy 1t.

In order to reconcile the theory of volumes with
the atomic or corpuscular theory, Berzelius consi-
ders water as a compound of two atoms of hy-
drogen, and one of oxygen, that being the pro-
portion in which those gases unite by volume ; and
since their specific gravities are respectively as
00694 and 1-1111, the ratio between the atom of
hydrogen and that of oxygen is by weight as 1 to 16,
whereas on the commonly received doctrine, accord-
ing to which water contains an atom of each element,
itisas 1 : 8 "This would be immaterial, if the num-
bers Berzelius has given to represent the relative
weights of atoms in general were consistent with
themselves. DBut he supposes that bodies which
have weak affinities, combine. atom with atom,
whilst in others, whose affinities are more energetie,

[
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instance, he states the protoxides of columbium,
copper, gold, mercury, and several others, to be
formed of one atom of base and one atom of
oxygen, whilst baryta, lime, silver, &ec., having
more energetic affinities, contain two atoms of
oxygen to one of base. Berzelius, with Thomson,
adopts oxygen for his unit, and in those instances
in which he considers the lowest degrees of oxida-
tion to require but one atom of that element, his
numbers for the bases also correspond with Thom-
son’s. Thus the atoms of columbium, copper, gold
and mercury in Thomson’s table are respectively
18, 8, 24-875, and 25; and in Berzelius’s 18-23,
7:91, 24:36, and 25°31. DBut, with respect to
the more energetic bases, Berzelius’s numbers are
double those of Thomson’s ; for, having laid down
the before-mentioned hypothesis, there was no
possibility of supporting it but by the rule of two.
For instance he tells us (p. 149, Essai) that recent
eorrect experiments show that 100 parts of mag-
nesia contain 387 oxygen, and consequently are
combined with 61-3 parts of magnesium: but

magnesia, is one of the energetic bases, and there-
- SEI
fore contains two atoms of oxygen; hence T;:
61:3 :: 1'00 : 316, which is double Thomson’s
nwinber, who with the generality of chemists (all
of the present day, for aught I know, except Ber-
zelius) considers magnesia as containing only one
atom of oxygen. Berzelius has the same number

to represent sulphur, as Thomson, (within a trifling
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fraction) and consequently is compelled to consider
the sulphurets of the energetic bases as contain-
ing, in like manner, two atoms of sulphur, in
order to reconcile experiment and hypothesis.

It is in these instances that I have committed
the errors alluded to, and though it certainly is no
excuse for my fault, yet T must take the liberty
to say that it is one proof amongst a thousand of
the danger of involving plain matter of fact in
unnecessary hypothetical dogmas.

Having given this explanation I proceed to point
out the corrections which the reader will have the
goodness to make, by substituting the following
numbers, for those he will find in the cases re-
ferred to. I am sorry that the lateness of the
period, when the mistake was detected, should
have made the list so numerous. The references
are all to the notes.

P. 135. 1 atom of sulphur 16 4 1 atom of
arsenic 38 = 54, and 3 atoms of sulphur 48 + 2
atoms of arsenic 76 = 124. The second com-
pound is a sesquisulphuret, containing half as
much more sulphur as the first; to express it
atomically therefore the numbers are doubled to
get rid of the anomalous half atom.

P. 136. 1 atom of arsenic 38 -4 2 of oxygen
16 = 54.

P.138. 1 atom of antimony 45 4 1 of sul-
phur 16 = 61, and the red, 1 atom of oxide of
antimony 53 -+ 2 atoms of sulphuret 122 = 175.
Thomson’s and Berzeliug's numbers for antimony
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do not accord well—that of the latter is nearly
three times that of the former. The oxides and
sulphurets of antimony are, like those of arsenie,

not well made out.
P. 146. 1 atom of silver 110 4 1 atom of sul-

phur 16 = 126.

2 atoms of sulphuret of antimony 122 + 3
atoms of sulphuret of silver 378 = 500.

P. 149. 1 atom of silver 110 4 1 atom of

mercury 200 = 310.

P. 150. 1 atom of bismuth 71 4 1 of sulphur
16 = 87.

P.153. 1 atom of lead 104 4 1 of sulphur
16 = 120.

P. 155 1 atom of sulphuret of lead 120 4

1 atom of sulphuret of copper 80 4 1 of sulphuret

of antimony 61 = 261. ;
P. 156. 1 atom of sulphuret of lead 120, 1 of

sulphuret of silver 126, 1 of sulphuret of an-
timony 61, and 1 of arseniuret of nickel 64 = 371.

P. 161. 1 atom of oxide of lead 112 <4 1
atom of tungstic acid 120 = 232,

P. 163. 2 atoms of sulphuret of copper 160 -
1 sulphuret of silver 126 = 286.

P. 165. 1 atom of sulphuret of tin 75 4 2 of

sulphuret of copper 160 = 235.
P. 166. 1 atom of sulphuret of lead 120 4 2

of sulphuret of copper 160 + 2 of sulphuret of

bismuth 174 = 454.
P. 167. 2 atoms of scleniuret of copper 210
4 1 of seleniuret of silver 151 = 361.
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P. 173. (80 x 3 + 16 x 6) = 336 + 12
water 108 = 444. Berzelius's number for silica is
three times that of Thomson’s.

P.175. 1 atom of nickel 26 4 1 of sulphur
16 = 44.

P. 176. 1 atom of bisulphuret of nickel 58 <+
1 of biarseniuret of nickel 102 = 160.

P.177. For 26 % 3 4 62 X 2 = 202, read
34 X 3 4 62 X 2 = 226 + 162 = 388. The
weight of the atom of nickel has been taken by
accident for that of its oxide.

P. 183. 1 atom of uranium 125 +4 1 atom of
oxygen 8 = 133. The peroxide may be consi-
dered as containing half as much more oxygen as
the protoxide, in which case it will consist of 2
atoms of uranium 250 -+ 3 of oxgen 24 = 274.
Brande considers the atom of uranium to be 64,
(oxygen being 8) and that the protoxide contains
1 atom of oxygen, the peroxide 2 atoms.







SKETCH
OF

BERZELIUS’S

MINERALOGICAL ARRANGEMENT,

BY THE TRANELATOR.

+.

As Berzelius's system of mineralogy is not ge-
nerally known, I believe, in this country, I subjoin
a sketch of its leading features. His arrangement
of minerals is purely chemical; and although he
may perhaps have proceeded somewhat more ra-
pidly than is comsistent with the actual state of
chemistry, I am convinced that the basis is solid,
and the superstructure will one day be perfect and
beautiful. When I say that his system is purely
chemical, it must not be understood that Berze-
lius rejects the use of external characters; on the
contrary, he knows and acknowledges their value.
It has been asserted that the chemist and the mine-
ralogist, properly so called, have, and ought to have,
different modes of viewing inorganic nature. This
Berzelius expressly denies, and argues, that if the
chemist, after relating the composition of a mine-
ral. were to omit to describe, with the same care
and accuracy, its external characters, as colour,

b

a
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hardness, transparency, erystalline form, &e. &e.
his chemical details would be of little value, since
no one, for want of the latter, could tell to what
substance the former relates. DBut the principles
on which a general systematic arrangement is to be
founded, and those on which we are to proceed in
the description of individual substances, are dis-
tinet {rom cach other, and must not be confounded.
As external characeters are insufficient to determine
the true place which a mineral, not as yet ana-
lysed, should cceupy in the system; so, on the
other hand, after an individual of any species has
been analysed, they are essentially necessary to
determine the identity of others, whose similarity,
in these respects, to the one of ascertained compo-
sition, leaves no doubt of its being formed of the
saine elements, in the same proportions, and con-
sequently obviates the necessity of a chemical ex-
amination of more than one well characterised speci-
men of cach species. Hence, external characters are
of great importance to mineralogy; but neverthe-
less, it is impossible to adopt a compound principle
of general arrangement founded on the union of che-
mieal composition and external form. The latter
depends solely on the former, but great differences
often occur in the external characters of minerals
composed of the same elements, but in different
proportions ; and it not unfrequently happens that
substances so cirecumstanced are even more dissi-
milar in point of external form, than others whoese
composition is less alike. Here composition and
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form are contradictory ; and if the latter is to have
part in the principle of general arrangement, we
must transfer the mineral in such case from its as-
sociation with its fellows, to those which it merely
resembles externally. But no system attempts to
proceed without founding its orders, at least on a
chemical basis, employing the external characters
in the subsequent details. If, therefore, we adopt
the latter for arranging substances together, which,
according to the fundamental principle, have no
connexion, the whole system becomes inconsist-
ent. Hence we are compelled to employ and keep
separate, either composition, or external character,
as the basis of general classification, without suf-
fering the one to influence or disturb the other.
The chemical arrangement does not make minera-
logy the less a branch of natural history, since the
objects it contemplates, though destitute of life
and organization, and consequently incapable of
being classed on principles suitable to organized
bodies, are still a portion of the great work of na-
ture. Nor is there any contradiction in consider-
ing mineralogy as a part of chemistry, because it
is at the same time a branch of natural history;
on the contrary, it is essentially a part of both,
and the more assistance it derives from the former,
the more perfect it will become as a portion of the
latter. As to the objection, that our chemical re-
searches have not yet attained the precision neces-
sary to apply and confirm the new theory in its full
extent, it is unfortunately true; but that is no
b 2
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argument against the propriety of adopting it, for
the sooner we begin to treat a science according to
accurate notions, the soomer our researches will be
properly directed, and the sooner they will attain
their object.

Having thus given an outline of the arguments
by which Berzelius defends the superiority of a
purely chemical system of mineralogy, I proceed
to his classification, and the peculiar views on
which he has founded it.

The influence of electricity on the theory of
chemistry extends to mineralogy, although not hi-
therto applied to that science ; for the elements of
which minerals are composed, as well as those of
all other bodies, unite with forces proportionate to
the differences that exist in their mutual electrical
relations. Hence, one or more electro-positive, and
one or more electro-negative ingredients,’ must be
found in every compound body; thus, if it be
formed of oxides, for every ingredient which we
call a base, another must act as an acid, although
the latter, in its insulated state, may not have the
sour taste and other properties by which acids,
usually so called, are distinguished ; such are si-
lica and the oxides of titanium, columbium, and
many other metallic oxides, so that all the im-
mense series of carthy minerals may be elassed

1 Electro-positive bodies are those which, when sepa-
rated from a compound by the voltaic apparatus, terminate to
the negative pole ; electro-negative bodies terminate to the
positive pole. :
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after the same principles as salts. An ingredient
which acts as an acid in one case, may act as
a base in another, according as it is electro-nega-
tive or electro-positive, with respect to the sub-
stance it combines with; and consequently, in a
combination of two acids, the weaker may serve as
a base to the stronger.

The doctrine of chemical proportions, which
has so much exalted chemistry as a seience, must
also give the same mathematical precision, if we
may be allowed the expression, to mineralogy, and
there are a vast number of analyses of mineral
~ substances, whose results perfectly accord with
chemical proportions. It is principally from the
examination of that class of minerals in which
silica acts as an acid, and which may be called
silicates, that most light is thrown on the other
branches of mineralogy. Considered as an acid,
silica forms several compounds of different degrees
of saturation ; the most common are the silicates,
or those which contain one atom of silica, and one
of base; sometimes two or three atoms of silica
combine with one of base, forming respectively
bisilicates and trisilicates ; sometimes the base is
in excess: for instance, two atoms of alumina may
combine with one atom of silica, in which case the
compound is a subsilicate. The order of arrange-
ment depends on the electro-chemical properties of
the elements of which mineral substances are com-
posed, proceeding from the most electro-negative
oxygen, to the most electro-positive potassium ;
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but as we are yet only very imperfectly acquainted
with the electro-chemical relations of the simple
bodies, we must be contented with an approximate
arrangement.

Berzelius divides simple bodies into three classes:
Oaxygen,—simple combustibles not metallic,—
(which he calls metalloids,) and metals ; and they
are distributed in each class, according to the order
just mentioned ; which is as follows :—

1. Oxygen.

Geold,

2, Metalloids, Rhodium,
Sulphur, Palladium,
Nitric, Mercury,
Muriatic Radical, Silver,
Boron, Lead,
Carbon, Tin,
Hydrogen, Nickel,

3. Metals. Copper,
Arsenic, Uranium,
Chrome, Zing,
Molybdena, Iron,
Tungsten, Manganese,
Antimony, Cerium,
Tellurium, Yttrium,
Silicium, Glucinum,
Columbium, Aluminum,
Titanium Magnesium,
Zirconium, Calcium,
Osmium, Strontiun,
Bismuth, Barium,
Tridium, Sodium,
Platina, Potassium.

The metals are subdivided into clectro-negative,
or those whose oxides rather act as acids than as
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bases, and electro-positive, whose oxides act in
preference as bases; and the latter are again sepa-
rated into two subdivisions, the first of which con-
tains those metals whose oxides are reduced by
charcoal in the common manner, and the se-
cond those whose oxides cannot be so reduced.
The latter are the bases of the earths and alka-
lies.

Each of these simple bodies forms a minera-
logical family, composed of the simple body, and
all its combinations with other bodies which are
electro-negative with respeet to it; that 1s, with
those which, except in a few cases, stand above it
in the preceding table.

The families are divided into orders, according
to the different electro-negative bodies with which
the electro-positive is combined. The orders are,
for instance, 1. sulphurets; 2. carburets; 3. arse-
niurets; 4. tellurets; 5. oxides; 6. sulphates;
7. muriates ; 8. carbonates; 9. arsemiates; 10. sili-
cates, &e. It is obvious that the number of orders
increases as we approach the positive end of the
series. The orders, when not very extensive, may
be simply divided into species, which, according
to Haiiy’s acceptation of the term, include those
minerals that have the same composition, with the
same primitive form; and the secondary forms
which a species may present, constitute the wa-
rieties. But if the order be very extensive, and
contain a great number of species, they are first
separated into the following subdivisions : 1. salts
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composed of two ingredients, or simple salts;
2. salts composed of three ingredients, or double
salts; 8. salts with three or four bases, triple or
quadruple salts.

These subdivisions may in their turn be divided
into genera, which comprehend all the minerals
formed of the same ingredients, and these genera
again into species. ;

In ‘determining to what family a mineral be-
longs, somewhat different prineciples must be ob-
served for the orders of combustible, and oxvidated
bodies.

For instance, if the mineral be a double or com-
plex sulphuret, or arseniuret, &c., it must be
placed in the family of the electro-positive ingre-
dient, of which it contains the greatest number of
molecules, or if the number of each kind be equal,
in the family of the most electro-positive. If it
be an oxidated mineral, composed of two or more
oxides, it must always be placed under the most
electro-positive owvide, without any regard to the
number of molecules.

By attending to these two circumstances we ob-
tain the great advantage of having minerals of
analogous composition placed near each other, and
the whole of the great clags of double, triple, and
quadruple silicates, arranged under the three or
four last electro-positive substances, which termi-
nate the system.

Each individual species is composed of the same
ingredients united in the same proportions. Every



MINERALOGICAL ARRANGEMENT. XXV

variation in those proportions, or the smallest ad-
dition of any substance essentially belonging to
the compound, produces a new species. Thus an-
hydrous gypsum forms one species; gypsum con-
taining water of erystallization another: stilbite
and chabasie are separate species, notwithstanding
the slight difference in the proportions of their
ingredients.

A mineral which contains a foreign mixture is
placed under that species of which it has the most
distinguishing characters, unless it assume the
crystalline form of some other substance of which
it contains but a few parts per eent. Thus under
carbonate of lime are placed all the crystallized
mixtures of that species, which contain ecarbonate
of iron, and of manganese ; but carbonate of iron,
containing only five or six per cent. of carbonate
of lime, is placed in the family of iron, although
it seem to be moulded in the crystalline form of
carbonate of lime. Were we In such cases to
attend only to the erystalline form, it would divert
us from the principle of the system, which is
founded on the composition of the substance,
whose true place we are looking for, and not on
accidental circumstances, such as a foreign figure
impressed on it by some unknown cause, &e.

I shall subjoin in this place two of the examples
of the arrangement of substances in families given
by Berzelius; the first in the family of silver, the
second in that of aluminum. They are rather
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sketches to shew the method than perfect exam-

ples.
Faminy: Silver.

First Order : Native silver, in all its varieties.

Second Order : Sulphuret of silver.
First Species: Bisulphuret of silver.
Second Species : Sulphuret of silver, antimony,
and iron.
Third Species : Sulphuret of silver and anti-
mony, with oxide of antimony.

Third Ovder: Antimoniurets.
First Species : Sub-antimoniuret of silver (an-
timonial silver).
Second Species : Sub-tri-antimoniuret of silver.

Fourth Order : Tellurets.
First Species: Bitelluret of silver, with sex-tel

luret of gold (graphic gold).
Second Species : Bitelluret of silver, with bi-
telluret of lead, and tritelluret of gold (weisserz).

Fifth Order: Aururets.
First Species: Biaururet of silver (electrum).
Second Speeies: Swubaururet of silver (auri-
ferous silver).
Sixth Order: Hydrargyrurets.
One Species: Bilydrargyruret of silver (na-
tive amalgam).
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Seventh Oxder : Carbonates.
One Species: Carbonate of silver.

Eighth Order : Chlorides.
One Species : Chloride of silver.

The family of aluminum has no order belonging
to the combustible compounds, nor perhaps any
pure oxide, that is, alumina in an uncombined
state. For even in the saphire, theee are three
and a half per cent. of silica, and sevea per cent.
of that substance in the ruby, though,in both, it
possibly may be an accidental ingredien,

FaMmivy : Aluminwm.

First Order : Sulphates.

One Species : Subsulphate of alumim (native
alumina from Halle and Newhaven).

Second Order: Fluates.

First Species: Sub-fluate of alumim (wavel-
lite).
Second Species: Fluate of alumina and soda
(eryolite).
Third Order: Fluo-silicates.

One Species : Fluo-silicate of alumin (topaz).
Fourth Orxder: Silicates.

First Sub-division : Simple silicaes.

First Species: Silicate of alumina (vpheline).
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Second Species :  Tri-sub-silicate of alumina
(collyrite).

Second Sub-division : Double silicates.

First Genus : Silicates, with base of glucina and
alumina.
First Species : Busilicate of alumina, with qua-
drisilicate of glucina (emerald).
Second Secies: lis evact composition not de-
termined (eaclase).

Second Gmus: Silicates, with base of lime and
alumina.

First Species: Trisilicate of lime, with bisili-
cate of awmina (mealy stilbite).

Seconc Species : Bisilicate of alumina and lime
(laumonie).

Third Species: Silicate of alumina and lime
(vitreous raranthine).

Third Gaus : Silicate, with base of alumina and
baryta.
One Secies: Quadrisilicate of baryta, with
bisilicate f alwmina (harmotome).

Fourth Gnus: Silicates, with base of soda and
alumina.

First Secies: Trisilicate of soda, with silicale
of alumin (mesotype).
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Second Species : Silicate of soda and alumina
(tourmaline apyre).

Fifth Genus: Silicates, with base of potassa and
alumina.

First Species: Trisilicate of alumina and po-
tassa (feldspar).

Second Species: Trisilicate of potassa, with bi-
silicate of alumina (mcionite).

Third Species: Bisilicate of alumina and po-
tassa (amphigene).

Third Sub-division: Silicates with triple, and
quadruple bases.

First Genus : Garnets with a triple base.

First Species : Bisilicate of protovide of iron,
silicate of protoxide of manganese, and silicate of
alumina (garnet from Broddbo).

Second Species : Same composition (garnet from
Finbo).

Third Species: Silicate of protoxvide of iron
and manganese, and silicate of lime and alumina.

Second Genus : Different kinds of mica.

First Species: Trisilicate of polassa, with sili-
cate of peroxide of iron, and silicate of alumina
(foliated mica).

Second Species: Similar composition, but in
different proportions (silvery mica).

Third Species : Trisilicate of polassa, with si-

5
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licate of magnesia, and alumina, and iron (black
mica).

Berzelius calls those minerals, which, like most
of the rocks, comsist of combinations, evidently
dissimilar on mere inspection, mived; when the
eye cannot distinguish the dissimilar parts, and
they arc not diselosed either by the fracture, or by
cutting and polishing the surface, he considers
them as having been fused together, but not as
chemically united. Pure or wunmived minerals
are those whose constituent parts are united in such
proportions, as to form true chemical compounds,
and simple minerals contain only one element ;
diamond is a simple mineral, emerald a pure un-
mixed mineral.

It is the business of chemical analysis to diserimi-
nate between mixed minerals, and those which are
chemical compounds, and this the atomie theory ena-
bles it satisfactorily to accomplish, at least in most
cases. It does mnot follow, that because a mineral
is crystallized, it must be absolutely pure. Crys-
tals often contain some portion of foreign matter,
derived from the liquid from which they have sepa-
rated, or from other causes ; in these cases, there-
fore, not less than in those that are amorphous,
we must apply the same theory to distinguish be-
tween the real chemical compounds, and the
foreign substances accidentally present. To this
end, the forces by which those compounds are
formed, must be kept in view. As these forces

r?
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depend on the electrical polarities of the combining
particles, they can only unite in pairs, since there
cannot be a third co-operating power. Sodium,
an electro-positive body, combines with oxygen, an
electro-negative body, and together they form a
compound, in which their original polarities disap-
pear. Sulphur in the same manner combines with
oxygen, and forms sulphurie acid. But though
the original polarities be neutralized, those two
bodies, which must now be considered, respectively,
as to their further combinations, as sole and ele-
mentary, are still electro-positive and electro-nega-
tive, with regard to each other; hence they also
are capable of uniting chemically, and the com-
pound they form is not a triple union of sodium,
sulphur, and oxygen, but a binary one of soda and
sulphuric acid. Again, this new body is capable
of combining with water ; and the erystallized salt
must, in like manner, be considered as a binary
compound of sulphate of soda and water. Sup-
pose it were required to make a perfect analysis of
crystallized alum, we must first separate the two
ingredients of which it is immediately composed,
anhydrous alum and water. These must next be
separated, the latter into its elements, oxygen and
hydrogen, the former into its immediate ingre-
dients, sulphate of potassa, and sulphate of alu-
mina, which again must be divided, cach into its
constituent parts, and so on to its ultimate cle-
ments ; and all that applies to this example, applies
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equally to every other body composed on the prin-
ciples of morganic nature, namely, binary com-
bination. Hence, when we examine the results of
the analysis of a mineral, and compare the weight
of cach of its ingredients with the weights of
their respective atoms, we discover, if there be any
of them, whether electro-positive or negative, for
which a corresponding one of the other order,
either in an equal, or in some multiple, or sub-
multiple proportion be wanting; in which case,
such ingredient must be considered as accidental,
and not as forming an essential part in the com-
position of the mineral. TFor instance, Hisinger’s
analysis of malacolite, gave him,

S0 1 R e M1
IJimEi @ & & B B & & @ 9 & B @ EE‘TE
Moot . .. os ... 1781

Oxide of 1von........ 218
Oxide of manganese.. 145
Volatile matter ...... 1-20

9954

Here, three of the ingredients enter in large
quantity into the composition of the mineral ; the
others in very small quantity. It is natural to
suppose, therefore, that the former are the true
elements of the compound, and since silica acts as
an acid in such combinations, that malacolite may
be a true silicate of the bases, lime, and magnesia.
To ascertain this, we must examine whether these
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ingredients be in such proportions as are necessary
to form those salts or mot. The weight of an
atom of
Silioa e 2uuL Je sl Sl
Bl i Sisns 28
Magmesia . « ois vvavians. 20

Now 28:16::22'72:13
And 20:16::17'81:14°24

The quantity of silica which the lime and mag-
nesia require to form silicates, we thus find is
27'24 3 but that given by analysis is 54-18. Now
this number 1s almost exactly double the former,
or within a trifling fraction just that quantity
which the two bases require to form bisilicates.
This coincidence therefore justifies the conclusion,
that malacolite is a bisilicate of lime and mag-
nesia, and that the iron and manganese are not
essential to its composition, nor chemically united
to the other ingredients. Having thus ascertained
what are the true chemical elements of the mi-
neral, we next inquire, how many of the atoms of
each it may probably contain. The solution of
this question is very simple. Suppose the propor-
tions had been by the analysis (disregarding the
non-essential ingredients)

1T S S [
B e A 16:17
Magnesia....... 23-10

and by the preceding method we had found the
&
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composition of the mineral to be as before a bisili-
cate of lime and magnesia, and the proportion of
the former to the latter, as 34:67: 60. The weight
of an atom of bisilicate of lime is (28 4 32) 60,
and that of an atom of bisilicate of magnesia
(20+32) 52. 'Therefore as 60: 52:: 34:67:30=1
" of the quantity of bisilicate of magnesia. Con-
sequently the most simple estimate of the compo-
sition of the mineral will consider it as containing
1 atom of bisilicate of lime 4 2 atoms of hisilicate
of magnesia. In the same manner the atomic
constitution of all other minerals, however com-
plex, may be ascertained.



INTRODUCTION

BY

THE AUTHOR.

THE subject of the work now offered to the
public, is highly interesting to the practical che-
mist, the miner, and the mineralogist. It is a
system of chemical experiments, made in the dry
way, as it used to be called, and almost always on
a microseopic scale, but which presents us in an
instant with a decisive result.

In the analysis of inorganic substances, the use
of the blowpipe is indispensable. By mecans of
this instrument, we can subject portions of matter,
too small to be weighed, to all the trials necessary
to demonstrate their nature ; and it frequently even
detects the presence of substances not sought for
nor expected in the body under examination. The
facility that it affords for discovering the consti-
tuent parts of metallic fossils, renders it equally
indispensable to the miner, whose common pro-
cesses are sometimes singularly disturbed by the
oceurrence of foreign substances in the minerals he
operates on, and whose nature, for want of time or
skill, he can but seldom ascertain by sufficiently
claborate and delicate chemical experiments, but
which the ready and convenient use of the blow-
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pipe enables him to develope in a few seconds. To
the mineralogist this instrument is absolutely ne-
cessary, as his only resource for immediately ascer-
taining if the inferences he draws from external
characters, such as form, colour, hardness, &ec.
be legitimate. In the following pages the series
of results, to which rescarches of this kind are
capable of leading us, are detailed. I have suc-
cessively described the phenomena which the various
subjects of the mineral kingdom present when sub-
mitted to the test of the blowpipe, by experiments
made, as far as possible, on pure and well charac-
terised specimens. I have carefully pointed out
the localities of the several minerals, whenever I
suspeeted that differences in their beds might lead
to discrepancies in the results, in order that those
discrepancies may be distinguished from such as
might arise from inaccurate observations recorded
in this work. As to errors of this kind, I could
not wholly avoid them, without multiplying my
observations ; and the number of minerals which I
had to examine was too great, to allow me to
repeat in sufficient detail, all the experiments relat-
ing to each individual.

I have quoted the names of those persons to
whom I am indebted for the rarer substances, de-
sirous of thus giving at once a guarantee of the
accuracy of the mineralogical names I have adopted,
and of acknowledging the liberality with which
they have supplied me with specimens of the rarest
minerals for my researches. I seize this opportu-
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nity to mention with gratitude the names of Haiiy,
Bournon, Gillet de Laumont, Brongniart, Brochant,
Cordier, Lucas, Weiss, and Blade.

When we meet with a mineral not sufficiently
distinguished by its physical characters, there are
generally but few known fossils with which it can
be confounded. If, therefore, we compare the effects
produced by the action of the blowpipe on the
mineral in question, with the descriptions of ana-
logous effects on the minerals which resemble it, we
shall seldom fail to ascertain the nature of the one
we are operating on. As to the metallic fossils,
nothing is easier. With the purely earthy minerals
the result is not quite so decisive; since, in experi-
ments with the blowpipe, the precision of the re-
sult depends in general rather on differences in the
nature of the constituent parts of a mineral than
on their proportions. But even in compounds
which differ only in the relative quantities of their
component parts, we often find such remarkable
differences in their degrees of fusibility, or the
phenomena which they present when treated by
the same flux, that the blowpipe is still sufficient
to decide the question.

As we are often mistaken respecting the nature
of a mineral, when, considering only its external
character, we disregard the phenomena which de-
pend on its chemical composition, so also, we sel-
dom succeed in determining it, if, neglecting the
former, we rely wholly on the effects produced by

the blowpipe. Those modern mineralogists who
2
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think that an inorganie substance may always be
known by its appearance, are compelled, in many
cases, to have recourse to the blowpipe, (supposing
them to have sulficient chemical knowledge to use
it with advantage,) when they find themselves led
into error by principles founded on vague pereep-
tions and imperfect data.

A mineralogical classification has been attempted
founded on the effects of the blowpipe, as a means
of ascertaining the genus and name of any mineral
whatever, on principles analogous to those which
regulate the classifications of organic nature.
Aikin’s Mineralogy is a very ingenious attempt of
this kind, and as a proof of the sagacity of its
author, I think it right to mention, on this oceca-
sion, that he has not confounded the kind of classi-
fication in question, with the systematic arrange-
ment on which the science, properly so called, pro-
ceeds. Now this the mineralogical school, which
still prevails in Germany, does, in attempting to
mould the second on the first. However, I do not
believe, that a classification of minerals, founded
on the phenomena they present before the blow-
pipe, sufficiently accomplishes its object to enable
a person well skilled in the use of that instrument,
but ignorant of mineralogy, to ascertain a mineral
submitted to his examination.

I have adopted the chemical system for the classi-
fication of minerals in the following work ; and in
certain places, as in the case of amphibole, pyroxene,
and garnet, I have indulged in some theoretical

3
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remarks, founded on the consideration that pyrog-
nostie ﬂpcraﬁons are the more interesting, in pro-
portion as we are better acquainted with the nature
of the bodies submitted to their test.

Lastly, I have briefly shown how to determine,
by the help of the blowpipe, the constituent parts
of the stony concretions which form in the urinary
passages. Being often consulted by medical men,
as to their composition, I have been obliged to
seck the shortest mode of obtaining a result. I
now publish what I have learnt from experiment
on the subject, in order to put the medical practi-
tioner in the way of making such analyses without
the assistance of the chemist,






HISTORY

OF

THE BLOWPIPE.

JEWELLERS and other workers in metal on a
small scale, avail themselves of the use of the blow-
pipe, to direct the flame of a lamp om pieces of
metal supported on charcoal, so as to fuse the
solder by which they are to be united.

This instrument was long employed in the arts,
before any one conceived the idea of applying it to
chemical experiments, performedin the dry way,
as it is called.

Bergman tells us, that the first person who so
used it was Andrew Swab, a Swedish metallur-
gist, and Counsellor of the College of Mines, about
the year 1733. He left no work on the subjeet,
and it is unknown to what extent he carried the
rescarches he made with this instrument. Cron-
stedt, who laid the foundations of mineralogy, and
whose genius so outstripped the age in which he
lived, that he was unintelligible to his cotempo-
raries, used the blowpipe to distinguwish mineral

i
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substances from one another, by the means of
fusible reagents, whose action should produce such
modifications on the objects to which they were
applied, as might afford some conclusions respect-
ing their composition, and serve as a basis for the
classification he adopted. In his time the inter-
eourse between men of science was by no means
so open as at present; the labours of one man
were seldom communieated to his fellow labourers,
and each pursued his researches with no other help
than the experience of the generation which had
passed away, and become in some measure public
property. At such a period, Cronstedt carried the
use of the blowpipe to a degree of perfection that
can only result from persevering industry; but as
slight services in the cause of science were not as
yet honoured with general attention, he who at
first was afraid to make himself known as the
author of that system of mineralogy which has
perpetuated his memory, still less thought of des-
cribing in detail this new application of the blow-
pipe, and the processes he adopted. He only pub-
lished such results of his experiments, as might
serve to distinguish minerals from each other, by

affording characters peculiar to the different spe-

cies.!

Von Engestrom, who published an English
translation of Cronstedt’s system in 1765, annexed
to it a treatise on the blowpipe, in which he par-

t The first edition of his work appeared in 1758, B.
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ticularly noticed his (Cronstedt’s) processes, as well
as the principal results of their application to the
minerals then known. This treatise did not ap-
pear till 1770,' and was translated and published
in Swedish, by Retzius, in 1778. This work at-
tracted the general attention of chemists and miner-
alogists to the use of the instrument, who, however,
derived at first little other advantage from it, than
as a means of ascertaining the fusibility of bodies,
and occasionally their solubility in glass of borax;
for the want of that skill in its application, which
can only be derived from patience and practice, to-
gether with a sufficient knowledge of the pheno-
mena presented by the various substances used as
fluxes for the bodies experimented on, prevented a
just estimate being formed of its value, whilst the
difficulties attending its use were abundantly evi-
dent; and hence every where but in Sweden, the
art of the blowpipe made but Iittle progress. As
in other practical sciences, books alone are * weak
masters” to make adepts in this; but they who
had seen Cronstedt and Von KEngestrom at work,
learned to work hike them, and transmitted their
skill to their successors. Bergman went further
than Cronstedt ; he extended the use of the blow-
pipe beyond the bounds of mineralogy, to the field

! An Essay towards a System of Mineralogy, by Cronstedt,
translated from the Swedish by G. Von Engestrom, revised
and corrected by Mendes da Costa, London, 1770. B. The
best edition is that by John Hyacinth de Magellan, 2 vols.
8vo. Dilly. 17588, C.

B 2



4 HISTORY OF

of inorganic chemistry ; in his hands it became an
invaluable instrument for discovering very minute
portions of metallic matter, in analytical researches.
His work De Tubo Ferruminatorio was first pub-
lished at Vienna, under the direction of D. A.
Born, in 1779.2

Bergman, on account of his health, was assisted
in his experiments by Gahn, who particularly ap-
plied himself to the use of the blowpipe in his
mineralogical studies, in consequence of the readi-
ness with which it affords decisive results. The
operations which he performed under Bergman’s
inspection, who caused him to examine all the
minerals then known, taught him how each indi-
vidual conducts itself before the blowpipe. Assist-
ed by the experience he thus acquired, he con-
tinued to employ the instrument in every kind of
chemical and mineralogical enquiry, whence he
attained to such a degree of skill in its use, that
he could detect the presence of substances in a
body by its means, which had escaped the most
careful analysis, conducted in the moist way. Thus,
when Ekeberg asked his opinion respecting the
oxide of Columbium,* then recently discovered, and

' The English reader will find it in the second volume of
Bergman's Physical and Chemical Essays, translated by Dr,
Cullen, and published in London, 1788, C,

2 OQxide de Taniale, 1 have restored the original name
given to this substance by its discoverer, Mr. Hatchett, and
the only one by which, in England at least, it ought to be
distinguished. Mr, Phillips, in his exccllent ¢ Introduction
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of which he sent him a small specimen, Gahn im-
mediately found that it contained tin, although
that metal does not exceed 1-100th of the weight
of the mineral. Long before the question was
started whether the ashes of vegetables contain
copper, I have seen him many times extract with
the blowpipe, from a quarter of a sheet of burnt
paper, distinet particles of metallic copper.

Gahn always travelled with his blowpipe, and
the continual use which he made of it, led him to
several improvements in its application; he exa-

to Mineralogy,” also ascribes the honour where it is due,
using theterms Columbium, Columbite, and Yttro-Columbiteas
the generic, and thoseof Tantalite and Yttro-tantalite as their
synonyms, Dr,Thomson, in the first volume of his Chemistry,
sixth edition, under the class of simple combustibles, heads
his fifth section with * Of Columbium, or Tantalum,’ and,
havingshewn Mr. Hatchett’s right to name the result of his own
labours, immediately adopts the appellation bestowed on it by
its subsequent discoverer, M. Ekeberg, the identity of whose
Tantalum with Hatchett's Columbium was fully demonstrated
by Dr, Wollaston in 1809, (Phil, Trans.) In his description of
minerals, in the third volume, Dr. Thomson adopts Tantalite
as the leading name, and gives “ Columbite of Hatchett’ as
its synonym, The confusion of terms in the first and second
volume of that work, is diverting; e. g. “ The mean of
four experiments made by Berzelius, in which he oxidized
determinate weights of Tantalum by means of nitre, gives
the composition of Columbic acid as follows : Tantalum, 100,”
&c. vol. 1, p. 576. But we must add in justice, that Thom-
son’s Chemistry is a work, in spite of many carelessnesses, of
high value, C.
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mined a great number of reagents, in order to find
new methods of arriving at the knowledge of cer-
tain substances, and the whole was imagined and
executed with such sagacity and precision, that his
results were entitled to the greatest confidence.
He most readily and carefully instructed those who
were desirous of information on the subject, but he
never appears to have thought of publishing an
account of his labours, nor has it been done by
others.”

I was so fortunate as to enjoy a familiar inter-
course with this eminent man during the last ten
years of his life. He spared no pains to impart to
me all that he could from his knowledge and long
experience, and I have strongly felt the obligation
I then contracted towards the publie, to perpetuate,
as far as in me lies, the fruits of his labours, At
my earnest request, he composed the most impor-
tant parts of what I have published on the blow-
pipe, and its use, in the seccond part of my KEle-

1 Mr. Professor Hausmann is the only person who has
given an account, at any length, of the services which Gahn's
blowpipe has vendered to science, in a memoir inserted in
the Mineral-Taschenbuch de Leonhard, for the year 1810. B,
There is in the eleventh volume of the Annals of Philosophy,
p- 40, an article ““On the Blowpipe; from a Treatise on the
Blowpipe, by Assessor Gahn, of Fahlun.” The greater part
of that treatise, together with some additional matter on the
subject, may also be found in the appendix to my translation
of the fourth volume of Thenard’s Chemistry, entitled an
¢¢ Essay on Chemical Analysis,” p. 374, C,
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ments of Chemistry ;' it is all that we have from
him on the subject. He never wrote any memoirs
respecting the results of his experiments on mine-
rals, and when, through age, his recollection of the
facts he had observed began to fail him, he often
insisted on the necessity of examining and care-
fully noting down the phenomena presented by
different minerals when acted on by the blowpipe.
At his desire, I undertook such an investigation,
the results of which he proposed to criticise, his
blowpipe in his hand, that where any discrepancies
might exist, we should be enabled to detect their
causes, and avoid all inaccuracy in the place as-
signed to each individual substance. This scheme
was frustrated by his unexpected death, an event
that happened too soon, long as his life had
been,

In all the rest of Europe only one naturalist,
but he a most distinguished one, has applied him-
self to the study of the blowpipe and its uses,® and
submitted a large number of mineral substances to

' Larbok i Kemien, 2; dra Delen. Stockholm, 1812. p. 478,
et seq. B. It is to he regretted that we have no English
translation of this work. Its origin forbids a doubt of its
value. C.

* I cannot subscribe to this opinion; for in this country
alone it is well known there are many persons who have
made great proficiency in the use of the blowpipe. One in
particular, whom it is unnecessary to mention by name, is as
eminently distinguished for his dexterity in managing this
useful little instrument, as he is for the general accuracy of
his conclusions, and the sagacity by which he arrivez at
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its test. This was H. de Saussure, justly celebra-
ted for his geognostic researches om the Alps of
Switzerland. He, as well as Cronstedt, employed
it chiefly in distinguishing minerals, and although
he made additions and improvements on the sub-
jeet, he ranks far behind Gahn in respect to the
results which he obtained with this instrument.

DESCRIPTION OF THE BLOWPIPE.

The blowpipe commonly employed in the arts,
consists of a conical brass tube, about 13 inches
long, 8-8ths of an inch in diameter at the larger
end, and having an opening at the smaller of
rather less than 1-16th of an inch. It is bent at
a right angle, at about an inch from the point, and
in using it the large end is placed in the mouth,
and the blast directed on the flame of a lamp by the
small end. (Pl I. fig. 1). In the arts it is seldom
necessary to continue the blast more than a minute,
so that no inconvenience results from the vapour
of the breath being condensed in the interior of
the tube ; but in chemical experiments, which often
last a considerable time, this would become a

them. Had he thought it worth while to communicate his
knowledge on the subject to the world, the present work
would have been as unnecessary as the assertion is erro-
neous. C.
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source of great annoyance. 'To obviate it, Cron-
stedt placed toward the small end of the instru-
ment, a hollow ball, intended to collect the con-
densed vapour. This was a material improvement,
but still had the inconvenience, that when held in
a vertical position, the small end downwards, the
water in the ball flowed into the beak, or small end
of the instrument, and impeded the blast, or was
projected into the flame.! To remedy this, Berg-
man adopted a semicircular chamber of the size
and form seen fig. 4. A, as the receiver to his
blowpipe, inserting the long tube, a, into the neck,
b ; and the beak, ¢, into the hole at the upper part
of one side of the chamber at 4. It is obvious that
the water collecting in the lower part of the re-
ceiver cannot find its way into the beak, ¢. Gahn
gave his receiver the form of a eylinder, one inch
long, and half an inch in diameter, as seen at
fig. 5. In other respects, his instrument resem-
bles Bergman’s, and consists of four pieces, a, b, ¢,
d. 'The little jet, d, 1s fitted by grinding to the

1T believe it was Mr. Pepys who found a remedy - for
this grievance, equally simple and effectual, by preducing the
tube of the beak so as to project on the inside of the ball,
through about half its diameter, thus preventing any condens-
ed water from passing out in that direction, at least till the
ball is half full of it ; and this being made of two hemispheres
united by a screw, it is taken to pieces and cleaned with little
expense of time or trouble. Fig, 2.shows the appearance
of this instrument when put together ; fig. 3, the beak with

its hemisphere ; the dotted line shews the tube projecting on
the inside. C.
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extremity of the beak, ¢, and there should be two
or three of these jets with holes of different sizes,
to be changed as occasion requires. The advan-
tage of Ghan’s blowpipe over Bergman’s is owing
to the eylindrical shape of the receiver, which oc-
cupies less space than the former, and to the length
and conical form of the neck, e, of the beak, in-
serted in the cylinder at £, which allows it te be
pushed farther into the receiver, when worn by
lTong use, and at all times causes it to fit tight, and
not be liable to fall out of its socket during an expe-
riment,—an inconvenience not unfrequent with the
blowpipe contrived by Bergman. In my estimation
Gahn’s blowpipe is preferable to all others. In-
stead of the straight beak, ¢, I employ a bent one,
g, when I have occasion to use the instrument for
blowing glass; its reetangular elbow enables me
to give it every possible direction with respect te
the tube, &. As it is highly desirable, especially
for the mineralogist, that the blowpipe should
occupy the least possible space, and be very port-
able, without, at the same time, losing any essen-
tial quality, several chemists have endeavoured to
obtain the limits of simplicity in its construetion,
—an object most effectually accomplished in the
blowpipes of Tennant and Wollaston.

Tennant’s blowpipe consists of a straight and
very slightly conical tube, (pl. I. fig. 6. @, b.)
closed at one end, at half an inch from which is an
opening to receive the small bent tube, d, which is
fitted in by grinding, and may be turned in any

i
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direction required. When used, the beak of the
small tube generally makes a right angle with the
tube, ¢, b ; when in its case, it lies parallel to it asin
the figure. This instrument unites in a high de-
gree every advantage that can be wished for with
great simplicity; the water condensed from the
breath flows to the closed end of the principal tube
without entering the beak. Wollaston’s blowpipe
is still more portable than Tennant’s. It is com-
posed of three pieces of the size and form repre-
sented in a, b, ¢. (pl. L. fig. 7.) and when the in-
strument is not in use, the third piece is sheathed
in the second, and the second in the first, so as to
reduce its length to one half, and make it occupy
no more space than a common peneil case. (See fig. 8.)
The small end of ais fitted by grinding into the large
end of b, whose opposite extremity is closed, but
near it 1s a small lateral opening, as seen at b,
fig. 9. The beak, ¢, is closed at the large end,
and has a very fine hole for the blast at the point ;
it receives the piece, b, by a transverse opening, not
perpendicular to its axis, but so inclined as to cause
it, when the instrument is put together, to form
with the main tube the convenient obtuse angle
represented in fig. 7. For portability, this blow-
pipe far exceeds all others; it packs with perfect
convenience in one’s pocket book, and if we add
to it a slip of platina foil, and a small piece of
horax, we are furnished at once with a sufficient
laboratory for a great variety of operations,—for
the candle and charcoal may be found every where.
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The length of a blowpipe, whatever be its form,
must depend on the eye of the operator, and be
such, that the body operated on may be at that
distance from his eye at which he has the most
distinet vision.

Blowpipes are best made of silver, or tinned iron
plate, the beak only being of brass. If the instru-
ment be wholly of brass, it in time acquires the
odour and taste of verdigris,—an inconvenience not
entirely removed by making the mouth picce of
ivory. The hands, too, if not quite dry, contract the
same odowr during the operation, especially if the
blowpipe has not been used for some time, and was
not well cleaned before it was laid by, Tin plate
is not liable to this nuisance, and has, besides, the
advantage of cheapness. When that material is
employed, the joinings should be made air tight
by inserting pieces of paper between them. Not-
withstanding that silver is the best conductor of
heat of all the metals, no inconvenience need be
apprehended on that score, even in the longest
operations. The small jets adapted to the extre-
mity of the beak are a great improvement, for the
extremity is liable soon to become covered with
soot, and the hole to be either blocked up, or lose
its circular form, and it is necessary to clean it,
and clear the opening with a small needle kept at
hand for the purpose. This is an indispensible
but troublesome operation. I have, therefore, had
these jets made of platina, each of a single piece,
and when dirty I heat them red hot on a piece of
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charcoal, which cleans them in an instant, and
clears the hole without the assistance of any me-
chanical agent. Silver would not answer the pur-
pose, for although we are ever so careful not to
fuse it in the operation, it would erystallize as it
cools after having been heated to redness, and be-
come as brittle as an unmalleable metal.

(Glass blowpipes are certainly less costly and less
liable to get dirty than those made of metal, but
their brittleness and the fusibility of their beaks
are so serious inconveniences, that they should
never be used but in cases of necessity.!

Attempts have been made at different times fo
construct blowpipes of greater facility in their ma-
nagement than the one in common use. De Saus-
sure fixed his to a table, so as to have his hands at
liberty, whilst he regulated the blast by his mouth.
I know no case in which much advantage is de-
rived from this plan ; moreover, the variations in the
sort of flame required in experiments with the
blowpipe, depend .on such slight changes in the
position of the beak, that it is impossible to accom-
plish them with precision by the mere action of |
the mouth.*

! In this country the blowpipes are generally made of brass,
and, when well lackered, I have never been annoyed with the
inconveniences Berzelius complains of. The mouth-pieee
should be of silver, and the beak of platina ; were it not for
the expence, the whole instrument were better made of pla-
tina- . C.

* These expedients are like the various devices for lathes
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It is generally supposed, that "to use the blow-
pipe is a difficult operation, that it requires great
pulmonary exertion, and may be injurious to the
health. Partly for this reason, and partly for want
of skill to keep up a continued blast without incon-
venience, various contrivances have been hit upon
to supersede the blowing with the mouth. Such

and tools for gentlemen turners and carpenters, who waste
their time and cut their fingers in ineffectual attempts to
make a box worth sixpence, with an apparatus that cost a
hundred pounds. The skilful workman needs no such aids,
and the operator with the blowpipe will do well to render
himself independent of them at once. However, as some
readers may be of a different opinion, and as in a few cases
where an unusually large flame is required the instrument
may be useful, I annex a figure of the best form that I have
met with, for a blowpipe on that construction. 1 do not
know who is the author of the invention. a, (fig. 10, pl. 1.)
is a rectangular copper box, 2} inches long, 1 inch high, and
& of an inch wide, which is fixed on a board by a screw
passing through the foot-plate, 4 ; ¢ is a tube projecting
from the top of the box, to which one end of a flexible
tube is adapted by a brass socket. The flexible tube is ter-
minated at its other end by an ivory mouth-piece, and is of
such a length, as to be conveniently applied to the mouth
of the operator; d is another projecting tube, to which the
beak, f; gz, is adapted ; and e is a third projecting tube
(closed with a cork) for the purpose of pouring off the con-
densed water that collects in the box, «. The beak is made
in two parts, £, and g, (fig. 11,) the large end of ffitting on
the projecting tube, o, and g, in like manner, fitting on the
small end of /2 Dy this means a double rectangular motion
is obtained, which allows the beak to be presented in any
position to the flame of the lamp, /. All the parts that have
motion are well fitted together by grinding. C.
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are those of Ehrmann, Kohler, Meusnier, Achard,
Marcet, Brooke, and Newman, by means of which
the highest degrees of heat are produced, on a small
scale, by an artificial blast of atmospheric air, or
oxygen gas ; but as the use of these instruments has
no connection with our subieet, I shall abstain from
further notice of them.'

' I shall not: for in a work especially devoted to the
blowpipe, some account of every important instrument should,
in my estimation, be included; and although, in some respects,
Brooke’s or Newman's blowpipe (for it is but one instru-
ment) is not caleulated for mineralogical experiments, in
others it is highly useful. Indeed, when used with atmos-
pheric air, it may be applied to all mineralogical purposes,
though still with less advantage than the common blowpipe
in skilful hands, But when filled with a condensed mixture
of oxygen and hydrogen gases, in the proportions requisite
to form water, one essential character, the fusibility, or in-
fusibility of different substances, as determined by the com-
mon blowpipe, disappears before the intense heat produced
by this, which levels all bodies to one general class of fusible
substances ; though very evident differences are still obsery-
able in the facility with which different bodies are reduced to
the state of fusion. In return, too, for the character which is
thus lost, we gain a new one in the appearance of the, other-
wise infusible, body, after it has been melted. For these
reasons, a description of the instrument seems desirable, and
a figure of it may be considered as a good substitute for the
plan of a red morocco case, to hold mineralogical instru-
ments, and the piece of furniture, which occupy the fourth
plate in the original volume. This apparatus was first made
at the desire of Mr. Brooke, by Mr. Newman, of Lisle-street.
An accident that occurred to Dr. Clarke, by the explosion
of the reservoir, and which had nearly been attended with
serious consequences, occasioned several attempts at its im-
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Hassenfratz supplied his blowpipe with air by
means of a pair of bellows worked by the feet,

provement, especially with regard to safety ; the most perfect
of which is the trough represented by fig. 4, pl. II. It was
suggested by Mr. Professor Cumming, of Cambridge. a,
(fig.1, pl. IL.) is the reservoir made of sheet copper, 51 inches
long, § inches wide, and 3 inches high; &, a syringe connect-
ed by a couple of stop-cocks, ¢, to the reservoir; d, is the
head of the trough (or safety apparatus), fitting in its place
by a screw, perfectly air tight : the trough is inserted in the
reservoir, in the direction of the dotted lines, and descends
to the bottom : it is represented, on a large scale, at fig, 4.;
e, a stop-cock proceeding from the head d, and f its jet
fixed to it by the ball and socket joint &. When the instru-
ment is used, its parts are to be put together, as in fig, 1.
and the reservoir exhausted, by working the piston of the
syringe, b, 'The stop-cocks must then be closed, the syringe
with the upper stop cock taken off, and the syringe alone
placed in the upright position shewn at fig. 2. The blad-
der, %, containing the gases, must then be connected by the
screw socket, k, and its stop-cock, with the syringe. The
syringe stop-cocks are now to be opened, when the gases will
issue from the bladder and fill the reservoir. The head of
the trough is then to be unscrewed by the key, (fig. 8.) and
oil poured in, to about half an inch above the lower screen
of wire gauze, (see fig. 4.) and the head again serewed tight
in its place. The gases are next to be condensed into the
reservoir, by working the piston of the syringe as before, and
all the stop-cocks being now shut, the apparatus is ready for
use.

During the whole time the jet is burning the oil will be
heard to play in the trough. If the current be inflamed, and
the instrument abandoned to itself, the jet will go cn burn-
ing until the expansive force of the atmosphere within the
box is no longer sufficient to propel a stream with the re-
quired rapidity through the tube; at this time the inflamma-
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after the manner of the enamellers, and Nisen em-
ployed for the same purpose a bladder filled with

tion will pass backwards, unless the tube be very fine, and
will fire the small quantity of mixture in the upper part of
the trough, and then its effects will cease, the atmosphere
in the reservoir remaining as before. When, however, the
regular use of the instrument is required, it is better to shut
the jet-cock before the atmosphere is quite out, and condense
in a fresh portion of the gas.

Attention should be paid to the quantity of oil in the trough
—it should cover the gauze, but not to too great a height ; if
there be too much oil, it is possible that the agitation caused
by the passage of the gas through it, may throw a drop or
two through the gauze above, against the inner orifice of the
jet tube, which would cause a sputtering in the flame.

The oil should be emptied out from the trough when the
apparatus is laid by. Fig. 4. is a section of the trough and
part of the reservoir, drawn on a large scale, in order to
render its construction more distinct,

A A.A. is the reservoir. B.B. a brass tube (the trough)
closed at the bottom, and fixed air tight into the reservoir,
C. is a small tube in the interior of the reservoir; its upper
orifice is covered with fine wire gauze, and reaches nearly to
the top of the reservoir ; its lower orifice is inserted into the
bottom of the trough ; four holes are made from the trough
into the tube, and open a communication to the gases in the
reservoir : a circular flat valve, D, lined with oiled silk or
leather, and moveable on a central pin, E, covers these holes,
and prevents the passage of any thing from the trough into
the reservoir, F, a fine wire gauze intersecting the trough.
The head of the trough (d. fig. 1.) contains a small chamber,
G. communicating by a fine tube with the interior of the
trough, just below the orifice of which isa second piece of very
fine wire gauze, M. The stop-cock, H, connects the head
with the jet, having a circular motion by the ball and socket
joint, I, to which various tubes, as K, may be adapted, The

e
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atmospheric air, which he compressed between his
knees, with a force proportionate to the blast re-
quired. When empty, it was filled again by the
mouth throungh a separate tube, furnished with a
stop-cock and fitted to the bladder.

By these pretended improvements, motions more
or less troublesome have been substituted for a slight
exertion of the muscles of the checks, and their
inventors have demonstrated by their very con-
trivances that they did not know how to use the
blowpipe ; they might as well have proposed to
play on a wind instrument with a bladder. Our
conclusion must be, that all apparatus of this kind
is perfectly useless.

OF THE COMBUSTIBLE.

Every kind of flame, provided it be not too
gmall, is calculated for experiments with the blow-

line at L marks the height to which the oil should rise in
the trough. For further security, Mr. Newman informs me,
that he puts several pieces, to the number of twenty or thirty,
of very fine wire gauze, between the stop-cock, H, and the
ball and socket joint, I, and the end of the reservoir nearest
the syringe is made weaker than any other part, so that if an
explosion should happen in the reservoir, it will yield in that
part rather than in any other. With these precautions, the
instrument may be considered (provided there be no fault
in its construction, and every thing in good order), perfectly
secure, C.
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pipe, whether it be that of a tallow or wax candle,
or of a lamp. Engestrom and Bergman employed
in preference common wax candles, furnished with
a good cotton wick, which Bergman recommends
to be bent, after snuffing, in the direction in which
the flame is to be impelled. Candles however have
this inconvenience, that the radiant heat from the
substance under examination melts the tallow or
wax, and occasions them to burn away too fast; and,
besides, common candles do not always furnish suffi-
cient heat. Gahn substituted at first for the single
candle three small wax candles with thick wicks,
which he placed together, but he afterwards re-
jected these for a lamp furnished with a large wick,
and fed with olive oil. Lamps are certainly pre-
ferable to candles, though inconvenient in travel-
ling, from the danger of the oil getting out. That,
however, may easily be remedied by a brass cap
made to screw over, or rather into the projecting
piece (for the screw is best in the inside) through
which the wick passes, and furnished with a
washer of leather (previously soaked in melted
wax), which, when the cap is screwed home, presses
firmly on the rim of the projecting piece, and
effectually prevents the escape of any oil from the
lamp.! The best fuel for the lamp is olive oil.

! In point of form that represented at L (pl. L. fig. 10.)
is the most convenient that I am acquainted with. It is
made of copper, tinned both inside and out, and of the size
drawn in the figure, C.

g 2
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When we wish to heat a small matrass, or
glass tube, a spirit lamp is preferable to the oil
lamp. It should have a ground glass cap fitted to
the neck of the lamp and covering the wick, to
prevent the evaporation of the spirit when not in
use.

OF THE BLAST AND FLAME.

The organs of respiration are not called into
increased action in using the blowpipe; they eould
not keep up a continued blast, and such an effort
would in time be injurious. It is the cheeks
which perform the office of a pair of bellows: the
mouth is filled with air, and by the contraction of the
muscles of the cheeks it passes into the blowpipe.
This operation, simple as it seems, is difficult at
first, from the habit of exerting all the muscles
concerned in respiration when we blow. It is a
difficulty like that which a man experiences when
he endeavours at the same time to turn his right
arm and right leg in opposite directions. A little
wearisome practice, therefore, is necessary to get over
the custom of bringing the muscles of the chest into
action with the muscles of the cheeks. The first
thing to be attended to, is to keep the mouth full of
" air, during a pretty long alternation of inspira-
tions and expirations; next, we must consider that
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there is a small opening between the lips, by which
the air eseapes, so that the cheeks would collapse
by degrees, if the breath from the lungs were
cut off from entering into the mouth. Now, to
fill the vacuum ‘which is thus formed, at the
moment of expiration we admit a portion of air
into the cavity of the mouth sufficient to renew
the distention of the cheeks. Thus the air in the
mouth is always in an equal state of compression,
and escapes with uniform velocity through the
little orifice. Such is the mechanism of the ope-
ration in which the art of using the blowpipe con-
sists. We may add, that the current of air which
escapes by the beak of the instrument, is commonly
so minute, that it is not necessary to fill the cavity
of the mouth at each expiration.® This operation,
though somewhat difficult at first, soon becomes
easy by practice, and at length is performed with-
aut occasioning the least distress to the respiration,
The only inconvenience that remains, when once
arrived at that point, is a lassitude in the muscles
of the cheeks, arising, independently of want of
practice, from the beginner’s generally pressing the
mouth piece of the blowpipe more strongly than is
necessary between his lips, and not sufficiently
economizing the blast.

Having accomplished the first object of keeping
up a steady blast, the next is to produce a good

' In fewer words, the operator must breathe through his

nostrils, and blow with his moutk by the mere compression of
the cheeks. C.



2 BLAST AND FLAME.

heat, which requires some knowledge of flame, and
of its different parts. If we attentively consider
the flame of a candle, we may remark several un-
equal divisions in it, of which four may be distin-
guished. Plate II. fig. 5, represents the flame of
a candle in its usual form. We see at its base a
small part, @, ¢, of a dark blue colour, which be-
comes thinner as it gets farther from the wick, and
disappears entirely where the external surface of
the flame ascends perpendicularly. In the middle
of the flame is a dark place, a, d, seen through its
brilliant covering. This space encloses the gases
which issue from the wick, which, not being yet in
contact with the air, cannot undergo combustion,
Round this space is the brilliant part of the flame,
or the flame properly so called ; and lastly, beyond
this, we may pereeive by attentive inspection the
outer covering of all, ¢, e, slightly luminous, and
whose greatest thickness corresponds with the sum-
mit of the brilliant flame. It is in this outer part
that the eombustion of the gases is eompleted, and
the heat the most intense. If we introduce a fine
platina or iron wire into the flame, we see that the
point of the wire where the ignition is mest vivid,
is situated on the confines of the brilliant flame,
and in the external covering. If the wire be very
fine, its real diameter appears singularly magnified,
and this apparent enlargement (which is a pheno-
menon of radiation of the same kind as that pre-
sented by the fixed stars, when we ascribe appre-
ciable diameters to them), increases as we approach
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the upper boundary of the blue flame, so that this
zone of transition, where the air, as yet retaining
its full dose of oxygen, begins to meet the flame,
is the place of the maximum of heat. This being
granted, if we direct a ecurrent of air by the blow-
pipe into the middle of the flame (pl. IL. fig. 6), a
long narrow blue flame, @, ¢, appears before the
opening in the beak, whieh is the same as a, c, in
fig. 5, but its relative position is changed; instead
of surrounding the flame it is now concentrated
within it, where it forms a small eylinder. Toward
the anterior extremity of this blue flame is the
place of greatest heat, just as in the flame not
acted on by the blowpipe. But whilst in the latter
this place had the form of a zone, or circumference
of a circle, it is now reduced to a point incompar-
ably hotter, and capable of fusing or volatilizing
substances on which the flame in its common state
has no sensible action. 'This enormous increase of
temperature arises from the blowpipe throwing a
condensed mass of air, which before only touched
the surface of the flame, and spread itself freely
about every part of it, on a small space situated in
the middle. The change effected is somewhat the
same, as if the flame had been turned inside out.
On the other hand, the remaining portion of the
bright flame which here surrounds the blue, pre-
vents the loss of the heat produced.’

"We are indebted to Sir Humphry Davy for correct
notions respecting flame. In the course of the experiments
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Long practice is necessary to distinguish with
certainty the maximum of heat, seeing that differ-

which led to the invention of his safety lamp (that glorious
triumph of science over destruction), he successfully investi-
gated the nature and properties of flame. He showed that
flame (which he defines to be gaseous matter, heated to such a
degree as to be luminous), in all cases, must be “ considered
as the combustion of an explosive mixture of inflammable gas,
or vapour, and air, for it cannot be regarded as a were com-
bustion at the surface of contact of the inflammable matter ;
and the fact is proved by holding a taper, or a piece of burn-
ing phosphorus, within a large flame made by the combus-
tion of alcohol ; the flame of the candle, or of the phospho-
rds, will appear in the centre of the other flame, proving
that there is oxygen even in its interior part.” (Davy on the
Safety Lamp, &c. p. 46.) He showed that a very high tem-
perature (but differing in degree for different explosive
mixtures, in some inverse ratio of their inflammabilities, or
of the heat they evolve in combustion) is necessary for
these successive explosions to take place. * If a piece of wire
gauze sieve is held over the flame of a lamp, or of coal gas,
it prevents the flame from passing it;"* ¢ the air passing
through is found very hot, for it will convert paper into char-
coal ; and it is an explosive mixture, for it will inflame if a
lighted taper be presented to it, but it is cooled below the
explosive point by passing through wires even red hot, and
by being mixed with a considerable quantity of air compa-
ratively cold.” (P. 47.)

He showed that the heating effect of explosive mixtures
depends on their containing such relative proportions of in-
flammable gas and oxygen, as to ensure the perfect combus-
tion of all the inflammable matter whilst in its gaseous state,
but that a high degree of illuminating power results from
an opposite cause, namely, the * decomposition of part of
the gas towards the interior of the flame where the air is in
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ent bodies have different modes of ignition, and
that we are easily deceived by the light which they

smallest quantity, and the deposition of solid charcoal, which,
first by its ignition, and then by its combustion, increases in a
high degree the intensity of the light.”” (P, 50.) Hence the
feeble pale coloured light when a safety lamp is burnt in a
very explosive mixture of coal gas and air, and the brilliancy
of the flame of a stream of coal gas burnt in the atmosphere,
as he proved by the following experiments. I held a piece
of wire gauze, of about 900 apertures to the square inch,
over a stream of coal gas issuing from a small pipe, and in-
flamed the gas above the wire gauze, which was almost in
contact with the orifice of the pipe, when it burned with its
usual bright light. On raising the wire gauze, so as to cause
the gas to be mixed with more air before it inflamed, the
light became feebler; and, at a certain distance, the flame
assumed the precise character of that of an explosive mixture
burning within the lamp; but though the light was so feeble
in this last case, the heat was greater than when the light
was much more vivid, and a piece of wire of platinum held in
this feeble blue flame became instantly white hot.

“ On reversing the experiment by inflaming a stream of coal
gas, and passing a piece of wire gauze gradually from the sum-
mit of the flame to the orifice of the pipe, the result was still
more instructive, for it was found that the apex of the flame,
intercepted by the wire gauze, afforded no solid charcoal ;
but in passing it downwards, solid charcoal was given off in
considerable quantities, and prevented from burning by the
cooling agency of the wire gauze; and at the bottom of the
flame, where the gas burnt blue in its immediate contact
with the atmosphere, charcoal ceased to be deposited in visi-
ble quantities.

“ This principle of the increase of the brilliancy and density
of flame by the production and ignition of solid matter, ap-
pears to admit of many applications.

# It explains readily the appearances of the different parts
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emit. To attain this maximum we must neither blow
too strongly nor too gently : in the first case, the

of the flames of burning bodies, and of flame urged by the
blowpipe ; the point of the inner blue flame where the heat
is greatest, is the point where the whole of the charcoal is
burnt in its gaseous combinations without previous deposi-
tion.” (P. 50, 51.)

At p. 54. Sir Humphry adds, ¢“whenever a flame is remark-
ably brilliant and dense, it may be always concluded that
some solid matter is produced in it: on the contrary, when a
flame is extremely feeble and transparent, it may be inferred
that no eolid matter is formed.

¢ The heat of flames may be actually diminished by in-
creasing their light (at least the heat communicable to other
matter), and vice versa. The flame from combustion which
produces the most intense heat amongat those I have examin-
ed, is that of a mixture of oxygen and hydrogen in slight
excess, compressed in a blowpipe apparatus, and inflamed
from a tube having a very small aperture. This flame is
hardly visible in bright day-light, yet it instantly fuses very
refractory bodies ; and the light from solid matters ignited
in it, is so vivid as to be painful to the eye.” (P. 55.)

“ The form of the flame” (of a common candle for in-
stance) *‘is conical, because the greatest heat is in the
centre of the explosive mixture. In looking stedfastly at
flame, the part where the combustible matter is volatilized is
seen, and it appears dark, contrasted with the part in which
it begins to burn, that is, where it is so mixed with air as to
become explosive, The heat diminishes towards the top of
the flame, because in this part the quantity of oxygen is
least. When the wick increases to a considerable size
from collecting charcoal, it cools the flame by radiation, and
prevents a proper quantity of air from mixing with its central
part; in consequence, the charcoal thrown off from the tep
of the flame is only red hot, and the greater part of it escapes
unconsumed.” (P. 102).
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heat is carried off as soon as produced by the impe-
tuosity of the current of air,’ and besides a part of
the air escapes without assisting the combustion ;
in the second, sufficient air is not supplied in a
given time. A very high temperature is necessary
whether we wish to try the fusibility of a body,
or whether we have to reduce certain metallic
oxides, which part with their oxygen with difficulty,
as the oxides of iron and tin. But our pyrognostic

The internal structure of flame has been neatly exhibited
by Mr. Oswald Sym, by dissecting it perpendicularly to its
axis, by means of wire gauze held horizontally across it. The
inference he draws from his experiment is, that the entire
flame is a hollow substance, that * the actual combustion is
confined to the surface, and that the internal part is filled
with volatilized wax. Inshort, the flame of a candle is an
elliptical bubble.” Some of Mr. Sym’s conclusions have
been called in question by Mr. Porrett, particularly his asser-
tion that * flame is an opake substance ;" but this note is al-
ready so long, that I can only refer the reader who may wish to
pursue the matter farther, to those gentlemen’s papers in the
Annals of Philosophy, the first in vol. viii, p. 321, the second
in vol, ix. p. 837. C.

* Perhaps the explanation may be more satisfactory
in the words of Sir Humphry Davy. “ A large quan.
tity of cold air thrown upon a small flame lowers its heat
beyond the explosive point, and in extinguishing a flame by
blowing upon it the effect is probably principally produced
by the same cause.” (Safety Lamp, p. 46.)

The injurious effect of blowing too strongly, may, I con-
ceive, rather be owing to the extinction of a portion of the
flame, in the manner above mentioned, than to the heat being

carried off as soon as produced, by the impetuosity of the
current. C.
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operations are not confined to obtaining the high-
est possible temperature ; other phenomena must
be produced which require a less intense heat.
These are, oxidation and reduction, which are
both easily affected, although diametrically the re-
verse of one another.

Owxidation ensues when we heat the subject
under trial before the extreme point of the flame,
where all the combustible particles are soon satu-
rated with oxygen; the farther we recede from
the flame, the better the oxidation is effected (pro-
vided we can keep up sufficient heat) ; too great a
heat often produces a contrary effect, especially
when the assay is supported by charcoal. Oxida-
tion goes on most actively at an incipient red heat,
The opening in the beak of the blowpipe must be
larger for this kind of operation than in other
cases.

For reduction, a fine beak must be employed,
and it must not be inserted too far into the flame
of the lamp ; by this means we obtain a more bril-
liant flame, the result of an imperfect combustion,
whose particles, as yet unconsumed, carry off
the oxygen from the subject of experiment, which
may be considered as being heated in a species of
inflammable gas. If in this operation the assay
become covered with soot, it is a proof that the
flame is too smoky, which considerably diminishes
the effect of the blast. Formerly, the blue flame
was considered as the proper one for the reduction
of oxides, but this idea is erroneous ; it is in reality
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the brilliant part of the flame which produces
deoxidation : it must be directed on the assay so
as to surround it equally on all sides, and defend it
from the contact of the air.

I repeat, it is the combustible atmosphere, in
which the assay is immersed, that most powerfully
promotes its reduction ; for that produced by the
charcoal, at its point of contact with the oxide, takes
place as well in the exterior as in the interior flame.

The most important point in pyrognostic assays
is the power, easily acquired, of producing at will
either oxidation or reduction. Oxidation is so
easy, that one need merely be told how it is to be
done, to be able to do it; but reduction requires
more practice, and a certain knowledge of the dif-
ferent modes of conflagration. A very advantage-
ous mode of practice, in order to acquire the art of
making a good reducing flame, is to fuse a small
grain of tin, and raise it to a reddish white heat on
a piece of charcoal, so that its surface may always
retain its metallic brilliancy. Tin has so great a
tendency to oxidation, that the moment the flame
begins to become an oxidating one, it is converted
into an oxide of tin, which covers the metal with
an infusible erust. We must begin by operating
on a very small grain, and gradually proceed to
larger and larger. The greater the quantity of
tin that he can thus keep in the metallic state, at

a high temperature, the more expert is the operator
in his art.’

* If a red hot grain of metallic tin be thrown on a paper
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OF THE SUFPORT.

Charcoal —~The substance to be examined by
the blowpipe must necessarily rest on a solid body,
or be fixed in some manner in a steady position.
The best support is charcoal. The wood of a
sound well grown pine tree, or light woods in
general are preferable. The charcoal of the fir
tree is liable to crackle and scintillate, and to scatter
the assay." The charcoal of hard compact woods
gives so much ash, and that ash is sometimes so
ferruginous, that it should never be employed but
for want of better; for this reason, beech and oak
are not fitted for the purpose. I have never yet
had an opportunity of trying box-wood charcoal.
Gahn always conceived that it would be the best
of all for blowpipe experiments, but he seldom had
the choice of any other than our pine-wood coal. Of
the various kinds which I have tried in countries
where those above mentioned are not found, it ap-
peared to me, that the charcoal of white willow, or of
the willow species in general, was thebest ; but I still
prefer that from the mature pine, cleft in the diree-
tion of the grain,” which may be divided by the saw
into long paralellopipedons, and cleaned by simply

tray, it will divide into several smaller grains, which skip
about the paper and burn with a very vivid light. B.

t I shall for brevity generally use this term to denote the
subject of experiment. C.

2 ¢ Débité A droit fil.”
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blowing off the dust. In order to fix the flux to
a point on the surface of the support, one of the
ends perpendicular to the layers of the wood is to
be chosen for its receptacle; if placed on the see-
tion parallel to the layers, it would spread over the
surface. Although the space between the woody
layers may consume faster than the layers them-
selves, there 1s this advantage attending it, that
the assay rests in that case merely on their summits,
and thus often has only two or three points of
contact with the charcoal.

It is almost needless to observe, that the char-
coal we use must be well burnt: that which splits,
smokes, or burns with flame, is unfit for the pur-
pose. Gahn had an idea that the charcoal which
sometimes descends in our graduated furnaces
(fourneaux gradudes) down to the air hole, without
consuming, would be better than any other for
blowpipe experiments, because, having lost a por-
tion of its combustibility, it ought not to burn
away so fast. I, in consequence, collected a quan-
tity of this charcoal. It was heavier, and more
compact than common charcoal, and at the same
time very difficult to burn ; but I was surprised to
find that T could not obtain so high a heat with it
as with the very combustible coal I usunally em-
ploy. I at first supposed this difference to arise
from the radiant heat (which in common char-
coal flows from the ignited part near the assay),
bemng essential towards raising the temperature;

but I soon discovered my mistake, when on taking
o
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hold of my mnew support, at a part very remote
from the heated point, I found it so hot that I was
obliged to let it go. Charcoal, therefore, in acquir-
ing hardness, becomes a good conductor of heat,
and the denser it is the better it conducts it : this,
perhaps, is the reason also why it burns so slowly ;
hence we see that it is unfitting for experiments
with the blowpipe.!

Platina.—In those cases where the reducing
effect of charcoal would be injurious, a support of
platina is employed, sometimes in the form of a
spoon, sometimes in that of thin foil or wire.

Platina Spoons.—Gold and silver spoons were
formerly used when a mineral was to be fused with
soda, but being liable to be melted, platina spoons
have been substituted for them. These, however,
are become quite superfluous in experiments with
the blowpipe, since it has been found that mineral
substances may be heated with soda or charcoal,
better than on any other kind of support. Besides,
the size of the spoon® prevents our obtaining the

t The best charcoal that I know for the use of the blow-
pipe, is that which is made from alder, and is employed by
the English manufacturers in making the coarser kinds of gun-
powder. It is light, but sufficiently compact, extremely even
in its texture, and, when well burnt, neither smokes, splits, nor
scintillates. Straight pieces, and free from knots, should be
selected. Box-wood charcoal is not eligible; its density
renders it too good a conductor of heat, and it is very apt to
split ; besides, it is not easy to obtain it in pieces of sufficient

size. C.
: By making the spoon of very thin foil, this ebjection
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very high temperatures, which are often neces-
sary.

Platina foil.—Wollaston substituted very thin
platina foil, cut into slips about two inches long
and half an inch wide, in the place of spoons. This
foil, from its thinness, may be intensely heated,
and when we wish to heat and oxidate at the same
time, the flame is to be directed against the lower
surface. Platina is so bad a conductor of heat,
that the slip of foil may be held in the fingers by
one end, whilst 1t is red hot at the other. Sub-
stances in the metallic state, or those oxides which
are reducible per se before the blowpipe, must not
be supported on platina foil ; for the platina will
alloy with them, and fuze into holes.

Platina Wire.—Gahn, who knew the inutility
of spoons, but was not acquainted with the use of
platina foil, employed a platina wire two inches
and a half long, and bent at one end into a hook,
(pl. 1II, fig. 1) which serves as the support in the
manner following. Having moistened the hook
with the tongue, it is to be dipped into the flux,
a portion of which will adhere to it; this is to be
fused by the lamp into a globule, which congeals
and adheres to the curvature. The assay must
then be moistened, to make it adhere to the flux,
which is now solid, and the whole heated together.
We thus obtain an insulated mass, which may be

might perhaps be done away, but still its form is objection-
able and dizadvantageous. C.
I
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conveniently examined without danger of our being
deceived by the appearances which sometimes en-
sue on charcoal from the play of colour, when
the assay globule is detached on a black ground.
This method is much superior to either of the pre-
ceding, and so completely answers the purpose,
that in most cases, the platina wire is preferable
to charcoal, especially when the reduction of a me-
tallic oxide is to be avoided. Generally speaking,
all oxidations should be performed with the pla-
tina wire, as well as those reductions in which
change of colour is the only object in view. I may
here remark, that platina is not at all attacked or
acted on by the salt of phosphorus. I have endea-
voured in vain to phosphorise it, even though I
heated the point of a platina wire in a mixture of
boracic acid and salt of phosphorus, supported on
charcoal before the blowpipe. When the reduc-
tion has been carried as far as is judged necessary,
and we wish by suddenly cooling the globule to
prevent its oxidating afresh, we may throw it whilst
in fusion, by a gentle tap against the wire with
the finger, on some cold body, as a porcelain cap-
sule, or an anvil, where it will cool immediately.
We should be provided with several of these pla-
tina wires, to avoid the necessity of forcibly detach-
ing the glass, or of being obliged to wait whilst it
slowly dissolves in water.

In travelling, good charcoal is extremely hard
to be met with, and a large quantity of it is trou-
blesome to carry about. The platina wire is then
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absolutely indispensable, and enables us to save
our charcoal for experiments of reduction, or for
roasting metallic sulphurets, or arsenical alloys.
The diameter of the platina wire is arbitrary ; the
finest is the best, provided it be thick enough not
to bend with the blast. If too thick, it absorbs
too much heat.

Disthene, or Cyanite, was employed as a support
by Saussure the elder, but it is in no respect pre-
ferable to platina foil, and has the disadvantage of
being acted on by the fluxes.

Plates of Mica may be used in roasting ores,
when the deoxidating effect of charcoal on the parts
of the assay in contact with it, might be injurious.

Glass Tubes—When it is necessary to roast a
substance to ascertain what it is combined with, I
use a glass tube two inches long at least, and about
1-8th of an inch in diameter, and open at both
ends. I introduce the assay into it at a little dis-
tance from one of the ends; and, according to the
temperature required, I heat the tube either with
the spirit lamp, or with the common lamp by
means of the blowpipe, inelining it more or less
(the part containing the assay being held down-
wards), as it is necessary to pass a more or less
rapid current of air over the assay. The volatile
substances, not permanently gazeous, sublime and
condense in the upper part of the tube, where their
nature may be ascertained. This little apparatus
is seen at pl. ITI. fig. 2.

Matrass.—For ascertaining the presence of

D 2
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water, or any other volatile incombustible eon-
tained in a mineral; or if the mineral decrepitate
violently, it is best heated in a matrass or flask,
(pl. I1I, fig. 8) whose body is sufficiently large to
allow the air to circulate, and the volatile sub-
stances to rise. But if we have combustible sub-
stances, as sulphur, arsenie, &ec. to separate from
the assay by sublimation, the body of the flask must
be small, since the renewal of the air in a matrass
of the former kind, might occasion the combustion
of the disengaged substances." Engestrom heated
decrepitating substances in a hole made in a piece
of charcoal, and covered with another piece, leaving
a small opening to introduce the flame. Bergman
used a glass tube, or a spoon with a cover. Wollas-
ton wraps the substance in platina foil.

As the matrass (fig. 3) is seldom so much heated
as to be injured, it may be used repeatedly; but
the glass tubes, especially the open ones, cannot
be heated a second time, without danger of their
breaking at the place where the assay rested, and
they were exposed to a high temperature; but
that portion may be cut off with a file, the in-
terior cleaned, and the end closed again if necessary,
and then they may serve for several experiments.
It is well, however, to have a good supply of each
sort, as they are continually in request.

r A glass tube of small diameter, and closed at one end by
the lamp, is best adapted to this operation. €.
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ADDITIONAL INSTRUMENTS.

Forceps are used to hold a small lamina of a
substance, when we wish to try its fusibility.
Their extremities, at least, should be made of pla-
tina. Pl III, fig. 4 and 5, represent the form of a
pair on the best construction, seen in two direc-
tions ; ab, ab, are two thin plates of steel, each
having a piece of platina rivetted on its extremity,
b. These plates are fastened in the middle to the
same iron plate, e, e, so as to form a double pair of
forceps, steel at one end, and platina at the other.
An interval is left between the plates at the steel
end, but the platina extremities are made to shut
close together, by the spring of the steel to which
they are rivetted. To open them, we press the
fere finger and thumb against the two buttons, d, d,
each of which is fixed in one plate, and passes
through the other. The platina pieces must be
strong enough at b, to resist the pressure of the
steel spring, diminishing in breath and thickness
from b to ¢, that they may not carry off' the heat
too much from the assay. The steel ends must be
hardened at «, that they may not be battered
when used to detach a particle for fusion from the
mineral to be examined. These forceps were
brought from France, and perfectly answer their

purpose.
Those nsed for the same purpose in England
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have a different and less convenient form. Pl III,
fig. 6, is a side view of one of these instruments.
The branches, ab, are of brass, fixed together at & ;
they terminate like the former in platina points
rivetted on ; they stand open, but may be closed
by a button, d, with two heads, which slides back-
wards and forwards in a slit cut in the branches.
‘When the button is pushed from a, towards ¢, the
branches approach each other, and their points
touch when it is placed against the pieces, e, e,
which are nothing else but two pieces of wood
fixed to the branches, and by which the foreeps
are held. Brass is so good a conductor of heat,

that without this precaution we should be in dan-
~ ger of burning our fingers after the blast had been
kept up for a few moments on the substance con-
tained between the points.'

Pl. 111, fig. 8, is a pair of forceps for large pur-

' Fig. 7 is a pair of platina forceps, the extremities of
which are excavated similar to an ear pick, a ; and, when
shut, will contain any small gem or substance liable to decre-
pitate during the application of heat. They are provided with
a slider, , that secures them from opening during the pro-
cess, and will be found extremely useful in examining bodies
which are liable to dispersion when heat is applied.

For fig. 7, and the preceding description of it, I am
obliged to my friend, Mr. Pepys, by whom this very service-
able little instrument was invented. Decrepitation is a mo-
mentary phenomenon ; it ceases when the assay has been
once heated red; afier that it may be treated without any

envelope. C.
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poses. The button, d, d, is furnished with a steel
spring behind, to prevent its sliding back when the
checks are opened wide.

Cutting pliers, made thick and strong in the
cutting part, are useful for detaching small por-
tions from a specimen, without injuring it.

A pair of pliers, terminating at one end in a
point, are useful in trimming the lamp.

Hammers.—"Two of hardened steel are ne-
cessary. 'The face of one should be round and
polished ; it is used to flatten the grains of re-
duced metal : its other end must have the form of
a narrow cone, with an obtuse summit, and serves
to detach portions of the mineral to be examined,
when it is required to confine the blow to a small
part of the surface. The face of the other hammer
should be square, and its edges sharp ; its opposite
end is formed like, and serves the purpose of, a
chissel. 'This hammer is useful for chipping off
small portions from a specimen for examination.
All its edges should be kept sharp.

Anvil.—A paralellopipedon of steel of about 38
inches long, 1inch thick, 3-4ths of an inch wide,
and polished on all its faces, 1s most convenient for
this purpose. Itis used to crush pieces of minerals,
which are to be wrapped in paper and laid on the
anvil, and struck with the hammer. The paper
prevents the dispersion of the fragments. When
we would try the malleability of a grain of reduced
metal, it is to be treated in the same manner.

Bergman’s iron ring, which he placed on the
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anvil to prevent the fragments from being scattered
about, is unnecessary, and, besides, does not answer
the purpose.

Knife~A knife of hard steel of the size of a
penknife, with a sharp but not too fine edge and
point, is useful for trying the hardness of bodies,
which is estimated by the greater or less resistance
they oppose to it. Its point also, previously moisten-
ed by the mouth, serves to take up portions of the
fluxes, and, if necessary, to knead them with the
pulverized mineral in the palm of the left hand.
In short, the knife is one of the most indispensable
instruments used with the blowpipe.

Files—A triangular, a flat, and a round, or
half sound file are useful.

A small agate mortar and pestle. The smaller
the better. That which I use is scarcely two
inches in diameter, and half an inch high on the
outside. Its cavity is 5-16ths of an inch less, in
breadth and depth.’

It is desirable that the bottom of the mortar
be somewhat transparent ; but it should be quite
free from eracks and crevices, in which the pulve-
rised substances would lodge.

* Gahn having once lost the pestle of a similar mortar,
took a button of calcedony of suitable diameter, and fixed it
with sealing wax to a cork. This new pestle was the only
one he ever used afterwards. 1 have been obliged to have
recourse to the same expedient, and have thought it right
to mention it in this place, for the use of those who may fall
into a similar predicament, B,
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A small piece of pummice stone should be kept
at hand, to remove the traces sometimes left on
the surface of the mortar by metalliferous sub-
stances.

A Miscrescope with one or two plano-convex
lenses of different powers, which form Dr. Wollas
ton has shown is best adapted to enlarge the field of
distinet vision. In the sort of experiments we are
treating of, the miscroscope is often indispensable to
ascertain the result, and we must be cautious how
we decide as to colour, before we have examined
the object by its means, for the light reflected by
the charcoal on small globules of glass often pro-
duces' false appearances which the microscope cor-
rects.

A box with compartments to hold the fluxes,
and a tray of sheet iron not tinned, lined with white
paper, to catch the particles that may fall from the
support during an experiment, are useful.

A glass tube with a fine orifice, passing through
a cork fitted to the neck of a phial half full of
water, is convenient for washing the chareoal
powder from the grains of reduced metal, in cer-
tain experiments.’

! This is a neat contrivance of Dr. Wollaston’s for dropping
water. Berzelius ealls it the * fountain of compression,” and
describes the mode of using it, thus. * The cork is fixed in
the neck of a flask half full of water, which is turned upside
down, and into which we blow, so as to compress the air within.
This air, by afterwards dilating, produces a fountain ;”* which
he might have added, will play in the face of the operator,

b
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A polished blood stone is useful to rub the me-
tallic substances on, that have been reduced but
not fused, in order to ascertain if they be possessed

of metallic brillianey, &e.
Small porcelain capsules’ are useful to hold the
fragments that have been, or are to be examined,

&c.
Order in the arrangement of the various instru-

ments is very essential, so that the operator may
in 2 moment lay his hand on whatever he may

want.?
The following apparatus is not particularly con-

nected with the uses of the blowpipe, but is conve-
nient. Pl IIL fig. 9, i, £, is a small vice sliding
on an upright brass rod, furnished with a foot
(not shown in the plate), to which it is fixed by the
screw, £ ; the opening, i, receives the triangle, a, b, ¢,

as soon as he removes the bottle from his mouth. The dila-
tation of the air by the heat of the hand, is all the expan-
sive power necessary to expel the water, and I believe the
only one intended to be applied. It is convenient to have
the tube bent nearly at a right angle, about an ineh from the
orifice. C.

* Or watch glasses. C.

* Here follows a long detailed description of a table, with a
drawer at each side, and four in front, divided into moveable
compartments of tinned iron, to hold the various instruments,
&c. not forgetting a hook with a towel fixed to the right leg of
the table ! Next comes an equally elaborate description of a
red morocco case to hold a travelling blowpipe apparatus.
These things are all very useful, but I cannot agree with my
author, that a particular description of them is necessary.
I have, therefore, omitted thenr. C.
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and is tichtened by the serew, . At d, is a joint
to fold the triangle together for the convenience of
travelling, &e.; e, £, g, h, on the side a, b, are small
holes, each intended to receive one end of a steel
wire, bent at a right angle, whilst the other end,
similarly bent, fits into the corresponding hole on
the side b, ¢. 'The large triangle, a, b, ¢, may
thus be divided into four smaller ones, according
to the diameter of the eapsule or crucible intended
to be supported by it. The triangle is made of
strong iron plate, and the length of its side is
about 21 inches.

A magnetic needle, A, and Hauy’s Electrical
needle, B, (pl. III, fig. 10,) to which the pivot
(fig. 11.) serves as a common support, are neces-
sary ; also a small bar magnet, to produce an equili-
brium between the mutual action of the magnet
and the magnetic needle, and that of the needle and
the earth, after the manner peinted out by M.
Hauy.!

' This experiment for rendering very weak magnetic at-
tractions perceptible, is performed as follows. The magnetic
needle is suspended on its point, and when it has taken its
position in the magnetic meridian, the magnet is placed at a
certain distance from it, the north pole, for instance, of the
magnet, being opposed to the north pole of the needle. The
magnet is then gradually approached towards the needle,
till, from the mutual repulsion of the similar poles, the needle
has taken a direction perpendicular to that which it had at
first. The repulsion of the magnet is now in equilibrium
with the magnetism of the earth, and the least force acting
on the needle will overcome it. By this arrangement, very
small magnetic attractions may be rendered evident, which

4
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A cylindrical case open at both ends. (Pl I1I,
fig. 12.) One half of the cylinder is occupied by
a foot or stand made of a glass tube, filled with
sealing wax, and terminated by a small steel point,
on which the electrical needle, B, (fig. 10,) oscil-
lates, when it is required to insulate the stand. The
other end of the case contains a conical stand, also
made of sealing wax, to which is fastened the hair
of a cat. 'This electroscope, invented by Hauy, is
the most sensible known, and renders all others
almost unnecessary in physico-mineralogical re-
scarches. The hair is negatively excited,’ by
drawing it through the fingers, after which it is
attracted or repelled by any electrical body to
which it is presented, according as that body is
positively or negatively electrified. If the hair
have not been excited, it is attracted alike by all
electrical bodies, and discovers electricity of too
feeble intensity to have any influence on the elec-
trical needle.

To these articles may be added a pair of small

would have no action on the needle in its ordinary position.
In this experiment, care must be taken not to communicate,
in handling it, any electricity to the mineral examined, since
it would act on the needle as a magnetic power. B.

' ¢ Qu frotte le poil entre ses doigts pour y susciter ’elec-
tricité négative.”® I think this is a mistake. I stuck a hair
from a cat's back to the end of a stick of red sealing wax,
and excited it by drawing it through my fingers. It was at-
tracted by excited sealing wax, and repelled by an excited
glass tube. The same eftect took place when I excited the
hair by silk. Its electricity must, therefore, be positive. C.
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scissars, a pair of small tongs to hold crucibles,
&ec. when heated by the spirit lamp; a touch stone,
and some assay needles, made of alloys of gold of
different standards, for trying the purity of gold.

OF THE REAGENTS, AND THEIR USE.

Cronstedt commonly employed only three rea-
gents,—subcarbonate of soda, borate of soda, and
the double salt formed of phosphate of soda, and
phosphate of ammonia. I shall henceforth, for the
sake of brevity, call these simply soda, borax, and
salt of phosphorus.

These reagents are still employed ; and in the
multitude of substances which have been tried
since the time of Cronstedt, there is not one pre-
ferable to either of the above in their respective
uses. It is singular, that in the infancy of the
art, the best should have been hit upon. To these,
which are the principal, and always in request, others
have since been added, not so frequently wanted
indeed, but which it is necessary to have at hand
for particular cases. I shall treat, in succession, of
the different salts employed, and explain the ob-
ject to which each is applicable, and the method
of using it.

Soda.—(Carbonate of Soda.) We may take in-
differently, either the carbonate, or the bicarbonate,
but both must be perfectly pure, and especially,
free from sulphuric acid. The best method of ob-
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taining the bicarbonate, is, to impregnate a con-
centrated solution of purified soda, such as is found
at the druggists, with carbonic acid gas. In this
operation the bicarbonate precipitates in the form
of small erystallized grains, which are to be twice
washed in cold water and dried. The salt, either
previously ignited or not, is reduced to fine powder.
If not ignited, it is more bulky, but there is this
inconvenience from igniting it, that if the kmfe
with which we take up portions of it be wet, the
moisture gradually communicates to the whole
mass, and causes it to collect into coarse lumps,

Two principal objects are connected with the
use of soda; 1st, to ascertain if bodies combined
with it be fusible or infusible; 2dly, to assist the
reduction of metallic oxides. In both these respects
it is one of the most indispensable reagents.

(a.) Of the fusion of bodies by soda. A very
large number of bodies have indeed the property
of combining with soda at a high temperature, but
most of these combinations are infusible. It is
only with acids, and a small number of metallie
oxides, including silica, that it forms fusible com-
pounds, which for the most part are absorbed by
the charcoal.

Of these compounds, the glass formed with
silica, or siliceous minerals, of which I shall speak
more fully when we treat of that oxide and the
mode of examining the silicates, oceurs most fre-
quently. With regard to the use of soda, many
minutie are to be observed. We take up the
necessary quantity with the point of a small knife,
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previously moistened by the mouth to make the
powder adhere to it. It is then applied to the palm
of the left hand, and, if necessary, moistened again,
so as to form it into a coherent mass. If the sub-
stance to be tried be pulverulent, it must be kneaded
in the hand with the soda, but if it be in the form
of a spangle or grain, the soda is applied to its sur-
face ; it is then heated on charcoal, at first to dryness,
and afterwards till it fuses. It commonly happens,
that the soda is absorbed by the charcoal the in-
stant after it is melted; but this does not prevent
its effect on the assay ; for if it be fusible with the
soda, it soon after pumps it up again, (la repompe),
a continued effervescence appears at its surface, its
edges become round, and the whole is transformed
into a fluid glass globule. If the assay be infu-
sible in soda, but decomposable by it, it is per-
ceived to swell up by degrees, and change its ap-
pearance without fusing. Xre we pronounce on
the infusibility of any substance with soda before
the blowpipe, we must always try a mixture of
the flux, with the substance reduced to powder.
If we take too little soda, a part of the matter re-
mains solid, and the rest forms a transparent
vitreous covering around it ; if we take too much,
the glass globule becomes opaque on cooling.

The assay may perhaps contain some substance,
which, being infusible in the glass of soda, des-
troys 1its transparency; in that event, to avoid
being deceived with respect to the nature of the
glass, we must in the two before-mentioned cases,
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add a fresh portion of the matter supposed to be
wanting, and thus endeavour to obtain a clear glass
globule. In general, it is best to employ the soda
in small successive doses, obscrving the changes pro-
duced by the different proportions of the flux. It
sometimes happens, that the glass becomes coloured
at the moment it begins to cool, and ends by assum-
ing a tinge, which may vary from yellow to deep
hyacinth red ; occasionally it even becomes opaque
and yellowish brown. These appearances oceur
if the soda contain sulphurie acid, or only sulphur,
and the discoloration is the consequence of the
hepar, or liver of sulphur, formed by the reducing
action of the charcoal. If it always ensue with
the same soda, it is a proof that it contains sul-
phate of soda, and must be rejected,’ otherwise it
is the assay which contains sulphur, or sulphurie
acid.

Cronstedt and Bergman directed minerals to be
fused with soda in a metal spoon, because they
supposed the absorption of the soda by the char-
coal would prevent its action on the assay. Gahn
never employed a spoon in this case, for the fused
mass spreads over metallic surfaces, whilst on char-
coal it assumes a globular form, in which state we

1 It is best to ascertain that the soda do not contain any
sulphate before it is used. For this purpose, dissolve a small
portion in distilled water; and, to the clear solution, add a
few drops of muriate of baryta. If the precipitate be not
wholly soluble in muriatic acid, the soda contains some sul-

phate. C.
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can more accurately judge of its colour and trans-
parency.

(b.) Reduction of metallic oxides—This mode
of assaying, by which we often discover portions
of reducible metal so minute as to escape detection
by the best analyses made in the moist way, is, in
my opinion, the most important discovery that
Gahn ever made in the science of the blowpipe.

If we place a small piece of native or artificial
oxide of tin on charcoal, a skilful operator will be
able, with some exertion, to produce from it a small
grain of metallic tin ; but if a little soda be added,
the reduction is easily effected, and so completely,
that, if the oxide be pure, it is wholly converted
into reguline tin. Soda therefore manifestly fa-
vours the reduction; but we are ignorant of its
precise mode of action. When the soda sur-
rounds the substance to be reduced, we may ima-
gine that this reagent, which, by its interposition
between the assay and the charcoal, prevents
rather than facilitates their contact, may itself
be reduced in a certain degree by the action of
the blowpipe, the consequence of which is the re-
duction of the oxide imbedded in the soda, by the
base of the soda or its suboxide. If the metallic
oxide contain a foreign body, mcapable of being
reduced, the reduction of the former often becomes
more difficult in consequence ; but if we add a
little borax, this reagent will co-operate with the
soda in dissolving the foreign substance, and the
reduction will be speedily effected. This experi-

»
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ment is easily performed, and the nature of the
metal the more readily ascertained, from our gene-
rally knowing by previous trials, that of the oxide
operated on ; hence the reduction is only a confir-
mation of a previous conclusion. Bergman has des-
cribed this process.

Suppose now, that the metallic oxide be mixed
with a comparatively large quantity of irreducible
substances, and that its presence be either un-
known, or impossible to be ascertained by other
similar experiments; how are we to discover whe-
ther the assay contain a reducible metal, and if it
does, how are we to prove it? Gahn has given a
simple solution of this problem.

The assay, being reduced to powder, is to be
kneaded in the hollow of the left hand with mois-
tened soda, the mixture placed on chareoal and
exposed to a good reducing heat; then a little
more soda is to be added, and the blast renewed.
As long as any particle of the assay remains on the
surface of the charcoal, soda is to be added in small
doses, and the blast continued till the whole mass is
absorbed by the charcoal. The first portions of soda
serve to collect the metallic particles, which were dis-
persed through the whole matter of the assay,and the
final absorption of the latter completes the reduction
of whatever till then had retained the state of oxide.
This done, the charcoal is to be extinguished with
two drops of water, and the portion containing the
absorbed matter being removed with a knife, is to be
reduced to very fine powder in an agate mortar.
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This powder is then to be washed with water to
free it from the charcoal which forms its lightest
part, for which purpose we use the little fountain
of compression.” The grinding and washing (the
latter requires particular attention) are to be re-
peated as often as necessary, till the whole of the
charcoal is got rid of. If the assay contained no
metallic substance, nothing remains in the mortar
after the last washing. But if it contained any,
however small a portion of reducible metal, it will
be found at the bottom of the mortar in the form
of little brilliant leaves, if fusible and malleable ;
or as a powder, if brittle and not fused. In either
case we perceive on the bottom of the mortar
metallic traces, arising from the friction of the
particles of metal against the agate, provided the
quantity of metal contained in the specimen was
not too small. The flattening of malleable me-
tals transforms an imperceptible particle into a
round shining dise of sensible diameter. Thus we
may detect by the blowpipe in an assay of the
usual size, L per cent of tin, and even the slightest
traces of copper.

We must endeavour in these experiments, 1st,
to produce as strong a heat as possible, by direct-
ing the reducing flame, so as completely to cover
the surface of the fused mass; 2dly, to leave
nothing in the charcoal, and to lose none of the
assay when we collect it 3 for though the particles

' See note, page 41. C.

E 2
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of the metal may be fused into a globule in some
part of the mass, we know not where the globule is ;
3rdly, to grind the carbonaceous mass sufficiently ;
4thly, to decant very gently, so that only the
lightest and finest particles may be carried off by
the water ; 5thly, not to attempt to ascertain the
result till the whole of the charcoal be got rid of’;
since the smallest remaining portion might be suffi-
cient to conceal the little metallic spangles, and
the particles of the charcoal themselves, seen in a
certain light, display a metallic lustre, which may
deceive an inexperienced eye : and, lastly, we must
not be content with examining the result with the
naked eye, but inspect it carefully with the micro-
scope, if it be only to satisty ourselves that we have
judged accurately concerning it. When the bot-
tom of the mortar, by long use, has become uneven,
the small cavities which it contains are sometimes
filled with air, and form bubbles under water,
whose convexity reflects light like a polished me-
tallic surface. The nature of the reflecting surface
is easily detected by turning the bottom of the
mortar to the light; if it be a bubble, the light
will be seen through the spot it occupies, but if it
be a spangle of metal, the spot will be opaque.
The metals reducible by this process (besides the
noble metals), are molybdenum, tungsten, anti-
mony, tellurium, bismuth, tin, lead, copper, nickel,
cobalt and iron. Of these, antimony, bismuth,
and tellurium are easily volatilized by a strong
reducing flame. Selenium, arsenie, cadmium, zine,
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and mereury, volatilize so completely, that they
cannot be collected without a little subliming ap-
paratus.

The reduction is always effected at the first
trial, if the assay contain from 8 to 10 per cent.
of metal. But as its proportion diminishes, more
attention and practice are necessary to keep it in the
mortar and ascertain its nature. A good method of
practising oneself in thiskind of operation, is to select
a substance containing copper, and make several
experiments of reduction with it, mixing it every
time witha larger proportion of matter containing no
copper 3 thus the metallie standard diminishes with
every fresh experiment, and when we have arrived
at such a proportion that we cannot effect the re-
duction of the copper by a first operation, we
must repeat the trial till we succeed in developing
it. By exercising oncself in different trials of this
kind, we soon become expert in such operations,
which only require a little address and practice.

If the assay contain several metals, the reduc-
tion of these oxides is commonly made in globo,’
and we obtain for our regulus a metallic alloy.
A few reduce separately, as copper and iron, which
give a regulus of each metal,—copper and zine, the
former gives a regulus of copper, the latter sub-
limes. But when the result of the operation is an
alloy, in order to find what metals it is composed
of, we must have recourse to particular effects pro-

1 Bo in the text. C.
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