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ADVERTISEMENT.

I
|

Thue indefatigable industry, the uncommon
precision, and the great number of new and im-
portant views with which the author of this
little work has enriched Chemistry and the kin-
dred Sciences, are sufficiently known, I presume,
to all men of science in Great Britain, to induce
them to receive every new proposal which comes
from him with candour and attention. Professor
Berzelius was obliging enough to send me a
copy of the Original of this little Essay, imme-
diately on its publication at Stockholm, about
three months ago. On looking it over, it ap-
peared to me highly deserving the attention of
mineralogists, and likely, if properly followed
up, to occasion a most important improvement
in the method of analyzing minerals and in the
scientific arrangement of them. I thought,
A2
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therefore, that it would be conferring a consi-
derable favour on the cultivators of that popular
science, if an English translation of Professor
Berzelins’s Essay were laid before the public.
My friend Mr. Black kindly undertook the
task, stipulating only that I should compare his
manuscript with the original, and take care that
it everywhere conveyed its sense. This task I
performed with all the requisite attention; and
can, I think, answer with some confidence for
the fidelity of the translation. The nature of
the subject precluded all attempts at elegance of
langnage; but I trust that the translation is
every where perspicuous.

THOMAS THOMSON,

London,
Sept. 10, 1814,



SYSTEM OF MINERALOGY

FOUNDED ON THE

ELECTRO-CHEMICAL THEORY, &c.

The first system of mineralogy originated in
the want felt by the collector of minerals of
some kind of arrangement in his collection.
This was at a period when the composition of
few or no minerals was known, and it was natu-
ral therefore that the system should be altogether
founded on arbitrary principles. In proportion as
scientific information became more diffused, en-~
deavours were made to advance mineralogy to an
equality with other branches of knowledge.
Linnaeus endeavoured to arrange unorganized
nature according to a classification analogous
with that which he had so successfully applied
to organized nature. Wallerius and Cronstedt
began to perceive the influence which chemistry
ought to have in every mineralogical arrange-
ment; and now, since the late astonishing pro-
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gress of chemistry has given it an additional
claim to be considered as a science, its influence
is so universally acknowledged that the two pre-
vailing mineralogical schools of the present day,
(Werner’s and Hatiiy’s,) both agree in the admis-
sion of chemistry to a participation in the found-
ation of a system of mineralogy, however much
they may differ respecting the extent of that
participation.

Mineralogy, in the usual acceptation of the
word, is the science which treats of the combi-
nation between the unorganic elements which
are found upon or beneath the surface of the
earth, together with the various forms, and the
different foreign admixtures, under which these

bodies make their appearance.

The knowledge of the combinations them-
selves, their composition and chemical properties,
belongs to chemistry; so that mineralogy, in a
scientific point of view, may be considered as a
part or appendage of chemistry.,

Chemistry, considered as an entire and perfect
science, makes us acquainted with the elements,
with all the combinations of which they are sus-
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ceptible, together with all the forms under which
these combinations may make their appearance.

If we represent to ourselves chemistry in a
state of perfection, subjected to a systematic ar-
rangement, it must give us a description not
only of the combinations which our investiga-
tions have discovered to be produced by nature,
but it must also teach us all those which may
hereafter be discovered as such, together with
all those which are possible, though they never
can make their appearance as fossils, This
complete and perfect chemistry should, in the
case of every combination, notice whether it ap-
pears as a mineral, and, if so, the different forms
and shapes under which it is produced, the fo-
reign ingredjents by which it is usually rendered
impure, or which may be mechanically blended
with it; so that the province of chemistry ex-
tends beyond our laboratories to the great and
astonishing workshop of nature.

Let us represent to ourselves a branch of this
perfect chemistry containing all that relates to
the combinations which appear as minerals.
This branch is mineralogy in ils perfect state.

It is beyond the limits of our feeble powers te
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bring any science to a state of perfection; for in
that case all the sciences would be blended toge-
ther intoone. The quantity of knowledge how-
ever of which one man can make himself mas-
ter is so circumscribed, that both from a regard
to the imperfect state of the sciences, and the ne~
. cessity of distributing them in such a manner
that our whole species, taken together and con-
sidered as one individual, may possess all the ac-
quisitions in every branch of science which one
man can never do, we are reduced to the neces-
sity of treating subjects belonging to the same
department of knowledge under the form of se-
parate sciences. This is no doubt the reason
why mineralogy has always been considered as a
separate science; but it is evident that it must go
step for step with chemistry, and that every re-
volution in chemical doctrines must overturn
those of mineralogy, in the same manner as the
discoveries in the peculiar province of the latter
must extend the boundaries of both.

Again, if mineralogy in itself is merely a
branch of chemistry, it is clear that it can have
no other scientific foundation for its arrange-
ment than a chemical one, and that every other
is altogether foreign to mineralogy as a science.
The prevailing theory and arrangement there-
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fore of chemistry for the time must be also that
of mineralogy. If this has not always hitherto
been the case, it must be attributed on the one
hand to-the recentness of the period during
which chemistry has received its great improve-
ments, and on the other to the circumstance
that the framers of systems of mineralogy have
not previously applied themselves with equal
zeal and success to chemistry, and consequently
have not been enabled to perceive the necessary
connexion between them,

In the verbal disputations between the parti-
sans of Werner and Haiiy on the subject of the
merits of their respective schools, the latter have
often been asked if the mineralogist must always
require the analysis of the chemist to enable him
to examine a mineral? This question always dis-
tinguishes the collector of stones from the mine-
ralogist. The former merely seeks a name for
his minerals, while the latter endeavours to be-
come acquainted with' their nature.

The arrangement of minerals according totheir
external characters has not been so successful
in facilitating our knowledge of them, as a simi-
lar arrangement has been in organised nature.
In the latter we everywhere observe the greatest
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similarity of combination with the greatest di-
versity of form, and the character of the living
body is derived from the form. But in inani-
mate nature we everywhere perceive the greatest
similarity of external form under the greatest
diversity of combination. The character of
these bodies therefore altogether depends on the
quality and quantity of the internal fundamental
mixture, so that a diversity in the latter is always
accompanied by a diversity in the former;
but chemistry is not yet on a footing to enable
us from the one to draw any conclusion respect-
ing the other. A mineralogical arrangement
founded on the external and easily perceived
characters of fossils is extremely convenient for
those who study mineralogy without the assist-
ance of an experienced master and an ample
collection, and who are often obliged to inquire
the names of minerals with which they are un-
acquainted. But this arrangement is not a
scientific system, in which conveniency never
enters as a principle, and which requires the
utmost strictness of which science will admit-
When accuracy and facility can be associated
together, the advantage is no doubt great ; but
if this cannot be effected, the former must not
be sacrificed for the sake of the latter. If there-
fore the scientific arrangement of mineralogy
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does not afford the highest degree of facility in
the external examination of minerals, no system
merely founded on this advantage can have its
claim allowed for more than to rank after the
proper system, as an index ranks after a book.

Through the influence of electricity on the
theory of chemistry, this last science has expe-~
rienced a revolution, and received a greater and
- more important accession of influence, than it
did through the doctrines of either Stahl or
Lavoisier. The influence of the electro-chemi-
cal theory extends even to mineralogy, whose
doctrines must receive an equal extension with
those of the parent science, although no attempt
has yet been made to apply this theory to mine-
ralogy.

From the electro-chemical theory we have
been taught to seek in every compound body
for the ingredients of opposite electro-chemical
properties, and we have learned from it that the
combinations cohere with a force which is pro-
portionate to the degree of opposition in the
electro-chemical nature of the ingredients.
Hence it follows that in every compound body
there are one or more electro-positive with one

4
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or more electro-negative ingredients, * which, as
the combinations consist of oxides, means the
same as that every body in the combination,
called by us a lasis, must be answered by
another which acts the part of an acid, even
supposing that in its isolated situation it does
not possess the general characters for which
acids are distinguished, namely, a sour taste,
and the property of changing vegetable blues to
red. The body, which is in one case electro-
negative when combined with a stronger electro-
positive, that is, which is acid when combined
with a stronger basis, may in another case be
electro-positive, and be united to a stronger
electro-negative body, or, which is the same
thing, may be the basis to a stronger acid. Thus
in the union of two acids the weaker acid serves
as the basis to the stronger.

# [ must once for all inform the reader that, from the consi-
deration I have recently bestowed on this subject, I have
been led to introduce this alteration into the nomencla-
ture of which I have already given some account, inmy Essay
on Nomenclature and the Electro-Chemical System. (K. Vat.
Ac. Handl. 1812, 1 H.) By electro-positives is to be under-
stood such as have inflammable bodies or salts for bases ; and
by electro-negatives, the oxygen and oxides which go to the
positive pole of the galvanic battery.
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Thius every combination of two or more oxides
possesses the nature of a salt, 1. e. has its acid.
And, if we suppose this combination decom-
posed by the galvanic battery, the first will be
collected round the positive pole, and the second
round the negative. - Hence in every, mineral
composed of oxidised bodies, whether of an
earthy or saline nature, we must seek for the
electro-negative and electro-positive ingredients;
and after the nature and qualities of these are
found, a critical application of the chemical
theory will tell us what the fossil in question is.

The most usual mineral combinations between
oxides generally contain three oxides, of which
two are bases and one acid, and less frequently
two acids and one basis, resembling the two
classes of double salts in chemistry. It not un-
frequently happens that there are even three or
four bases for one acid; but we very seldom
indeed find a chemical combination of two bases,
each united with its different acid. If from
these combinations we suppose a subtraction of
the oxygen which they contain, then analogous
‘combinations would take place between the in-
flammable radicals ; and as none of them pos-
sesses a very strong affinity for oxygen, (asis the
case with iron, lead, silver, antimony, arsenic,

-
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sulphur,) it happens pretty often that nature
procuces such combinations either of inflam-
mable or of oxidated bases.

If with these theoretical ideas we review the
productions of the mineral kingdom, what a
Light do they at once throw on the compounds
consisting of various metals united with sulphur,
or of varicus earths and metallic oxides: order
becomes at once visible in this apparent chaos,
and mineralogy assumes the character of a
science, We immediately discover a numerous
class of minerals, the similarity of which to salts
has been already pointed out by chemists,
though they were unable to make a more exten-
sive application of these resemblances. This
class consists of minerals, in which silica occu-
pies the place of an acid, and it contains an end-
less variety of single, double, triple, and quad-
ruple salts, of different degrees of neutrality, or
with excess of acid or base. In the same man-
ner we discover less general classes; thus oxide
of titanium, oxide of tantalum, and several me-
tallic oxides not hitherto considered as acids,
occasionally act the part of acids; so that the
whole of the extensive range of earthy minerals
may be classified on the same principles %
salts.
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The first of these reflections, in themselves
altogether nataral and simple, appears to me to
be the most important step which inineralogy
has ever made towards its perfection as a
science.

During the last five years chemistry has from
another quarter received a still higher improve-
ment, through the doctrine of chemical propor-
tions, which in the arrangement of a mineralogi-
cal system, must, if I may be allowed so to speak,
give the same mathematical certainty which it
has promised to give, and has in fact already
given, to chemistry. No correct thinker can
hesitate to believe,that the chemical laws, which
have been confirmed in our laboratories by the
most numerous and varied experiments, are in
like manner applicable to the great whole. It
is the same nature which every where operates,
and the operations are governed by the sume.
laws, whether they are directed to a certain
object by human endeavours, or, in the mass of
the earth, are governed by the free course of
infinitely-varied circumstances. If therefore the
chemical analysis of many minerals has not
hitherto justified the application of chemical
proportion to mineralogy, the cause of this
must not be sought for in the imperfect applica-
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tion of the laws, but in the imperfection of our
faculties, which are frequently, notwithstanding
the utmost care we can bestow, overcome by
difficulties which we occasionally perceive, but
which also often elude our utmost attention.
In the mean time a very considerable number of
analyses already exist, the results of which, in fact,
coincide with the doctrine of chemical propor-
tions, and in other respects approach so near to
it that the deviations may justly be considered
as owing merely to the difficulty and unavoid-
able errors of experiment.

I shall here endeavour in a particular manner
to direct the reader’s attention to the circum-
stances which contribute to conceal the ex-
istence of chemical proportions in mineralogy ;
because 1 consider it not impossible that, by a
due observance of all these, we may, at last, be
able to render every analysis, conducted with
due circamspection, coincident with the chemi-
cal proportions.

1. The first of these circumstances is the
want of care and attention in analysis, even
occasionally perceivable in the works of our
greatest masters. He who bestows a glance on
the much less difficult analysis of single salts, and,
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the difference of the results before the doctrine
of chemical proportions was established, and
who has seen the necessity of adopting ex-
pedients, never before thought of, for the at-
tainment of the utmost degree of accuracy, will
surely not think it at all wonderful that the
analysis of the now variously combined mineral
productions should not be brought to a greater
certainty of result then these were. If we com-
pare, for example, the analyses of sulphate of
barytes by the most expert chemists, or of
muriate of silver, phosphate of lead, &c. we
shall find that the results of these analyses difter
very considerably, not only from one another but
from the just proportion. The same thing
must also have happened in the analyses of
many minerals ; and these analyses are attended
with another disadvantage : we cannot be cer-
tain that they were made on minerals of the
same chemical identity ; hence they can never
prove any thing against the propriety of the
application of chemical proportions to minera-
logy. The first impediment therefore consists
in the difficulty of conducting a mineralogical
analysis in such a manner that the result shall
give the correct proportions. This defect may
be the most casily of all removed.

B
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2. Another more important impediment is
the difficulty, not to say impossibility, of ever
obtaining, in the productions of the mineral
kingdom, any combination sure and free from
foreign and accidental ingredients in its mass,
except in subjects divided into fractionable parts
of an imperceptible and inseparable nature.
A glance into the formation of minerals will
serve to clear up this better. We find them
either crystallized, and in that case they have
passed slowly and regularly from a liquid to a
solid form; or they have separated rapidly, and
formed only crystalline grains, as is the case with
Carara marble and the lepidolite of Utoe; or they
have fallen down without assuming a crystalline
shape like precipitates from fluids. These pre-
cipitates afterwards harden and form shapless
masses, frequently containing heterogeneous
bodies between their plates, and often mixed with
crystals, which have been either rolled by a liquid
from another place, or have been formed during
the precipitation itself in the liquid, and have
shot in the precipitated soft mass. It is clear
that in so far as respects these masses of rock
formed of hardened precipitates, no analysis can
give a result which coincides with the chemical
proportions; exeept it should happen that such a
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precipitate should accidentally consist of only
one substance, of which examples are not
wanting ; but when the doctrine of chemical
proportions is applied to the analysis of these
minerals, it will inform us of what different mix-
ture of combinations the shapeless mass consists.

On the other hand, we are well warranted in
expecting a more satisfactory result from the
analyses of distinctly formed minerals, although
even the most regular and clear crystal is seldom
free from foreign ingredients. Let us apply
the experiments in our laboratories respecting
the crystallization of solutions of salts to that
which, under analogous circumstances, must
take place under the surface of the earth.”

* This example is principally founded ou solutions in
water, although it is equally applicable to other crystallizing
mixed liquids, The opinien, that minerals have been pros
duced by the fusing agency of a high temperature and a con-
sequent cooling, has not yet lost all its advocates, although
a single decrepitating crystal, a single petrifaction, is an in-
contestable proof for all who can perceive what is proved by
the existence of these. 1t is clear, on the other hand, that
we often see formed crystals which, according to what we
have hitherto been taught by theory, never can, as such, have
been dissolved in water; for example, sulphurets and arse-
ninrvetsof metals, But here we must recollect, that in the solu-
tions which aire carried on beneath the surface of the earth, 2

B 2
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We 'see, for example, that when saltpetre
shoots out of the mixed ley which is obtained
by lixiviating saltpetre-earth, the crystals are
regular, but of a brown-colour, and contain
common salt. No chemist has ever supposed that
either the substance occasioning the brown colour,
or the common salt which is contained in these
crystals, belongs in any measure to their che-
mical composition; but we always consider
them as ingredients foreign to the solution
from which the saltpetre has shot up. It is
also a known -circumstance that the more
slowly a solution shoots, and thelarger the crystals
which it forms, the liquid expelled is the more

power operates which we never can dispose of in exactly the
same manner in our experiments, namely electricity, and that
which in our experiments is produced in the course of a day
or two at most, may in the bowels of the earth require cen-
turies for its developement. The blended masses of the
globe, burst through and penetrated on all sides Ly intruding
water, produce innumerable multitudes of electrical circuits,
which cross one another in all possible directions witheut
impeding their separate eperations, like the rays of the sun
on the surface of the earth, and determine the eternal
activity by which the masses of the interior of the earth
slowly experience incessant changes, destruction, and new
forms, Crystallizations, solutions, reductions, oxidations,
take place here incessantly under forms and proportions
which art, unable to dispose of its eflicient powers in the
sam> manner, will never perhaps be capable of imitating.
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impure. All this must happen in the same man-
ner in the interior of the earth, when the minerals
partly shoot out of mixed solutions, and partly
in consequence of the mutual action of solutions
on each other. The substance of which the
solution contains the most, and with which it is
saturated, forms the crystal ; but this crystal in-
cludes parts of the solution between its plates,
is rendered impure by them, and not unfre-
quently thereby receives a colour which by no
means properly belongs to it.  This is the
cause why so many minerals, which, were we to
judge from their peculiar ingredients, ought to
be colourless, are notwithstanding red, yellow,
blue, and green, &c. which colours are derived
from a slight mechanical infusion of other
coloured minerals, which are occasionally so
very finely divided, that they do not perceptibly
diminish the transparency of the crystal. Hence
also we find, in the analysis of most crystal-
lized minerals, two, three, or more ingredients,
which only amount to one per cent. and some-
times even to a fraction of one per cent. and
whichwehave no morereason tosuppose to belong
to the composition of the crystallized mineral
than that the common salt and the coloured
substance belong to the saltpetre. It is clear
that, as the result of the analysis must be judged
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of’ according to the doctrine of chemical propor-
tions, these foreign substances must be sub-
tracted from it; but here again we are met
by another difficulty: we cannot determine
whether some of the substances considered as
principal ingredients, or at least a part of them,
do not belong to the foreign bodies which must
be withdrawn. Something like a complete
knowledge of the minerals along with which
the substance investigated occurs, may also be of
some assistance in enabling us to determine the
proper analytical result.

3. Another circumstance which has hitherto
been less observed is, that when a solution con-
taining two or more combinations is saturated
withseveral of them, and begins to depose crystals,
it happens sometimes that a particle of one
compound is deposited near to, or along with,
several particles of another compound; so
that united they form a crystalline figure,
which in colour, shape, transparency, speci-
fic gravity, altogether deviates both from
the substance which constitutes its principal
mass, and from that which is mixed with the
former. The smaller ingredient often does not
amount to one per cent. of the whole weight,
though sometimes it amounts to more, 'The
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relative quantity of the substances associated
together in the construction of such a crystal
appears, so far as our experience reaches, to
depend altogether - on the quantities of each,
which the liquid at the moment of crystalliza-
tion has to depose. Chemistry affords many
such examples; as the crystallization of com-
mon salt in octohedrons and of sal ammoniac in
cubes in urine, the simultaneous crystallization
of nitrate of lead and arseniate of lead, when
a solution of the latter salt in nitric acid 1s
evaporated. 'We have another striking and
beautiful example in sal ammoniac crystallized in
a saturated solution of muriate of iron. The
salt crystallizes in transparent, regular, hollow,
ruby-red cubes, in which the proportion of oxide
of iron often does not amount to one per cent.
These crystals give nearly a colourless solution
in water, from which the sal ammoniac is ex-
pelled in the usual manner by evaporation,
leaving a trace of muriate of iron in the mother
ley. We have another appropriate example of
salts of a similar nature crystallizing together
in the residual liquid which remains after the
Irish process for making oxymuriate of lime,
(Wilson, Annals of Philosophy, i. 365.) Here
the crystal is composed of sulphate of soda,
muriate of manganese, and about one half per
9

-
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cent. of muriate of lead; salts which cannaot
exist together but in such an acid solution as
that from which they were expelled, and which
separate whenever they are dissolved in pure
water.

I am persuaded that such is the case with
many crystallized minerals, although we have
not hitherto had leisure to carry through the
investigation. Thus, for example, it appears to
be pretty certain from the analysis of Stromeyer,
that the crystalline form of arragonite, so much
the subject of dispute, and which deviates in so
remarkable a manner from the carbonate of
lime, is owing to such a formation. Particles
of carbonate of strontian, with their water of
crystallization, having united in a certain order
with the particles of carbonate of lime, give
birth to a secondary form which cannot be
derived from the primitive form of pure carbo-
nate of lime, Ience we may conceive why
arragonite contains such small portions of water
chemically combined, from one: half to threc
fourths and one per cent., on the dissipation of
which its transp;ﬂrency is destroyed; for this
quantity of water depends on the quantity of
carbonate of strontian, of which 1t constitutes
the water of crystallization.
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But still it is not to be dissembled that there
are many difficulties in the way of every attempt
to bring the analysis of minerals, and the con-
clusions deduced from it, to the highest possible
perfection. I am emboldened, however, to
hope that these difficulties will not be insur-
mountable.

It remains for me now to say a few words re-
specting the determination of the quantitative
result of such analyses, and the correct distribu-
tion of the ingredients of the minerals. It is
clear that if, in stating the composition of salt
of alum, for example, we were not to go farther
than to consider it as consisting of potassium,
aluminum, sulphur, hydrogen, and oxygen, in a
scientific point of view we should derive but little
advantage from such a statement. We come a
step nearer to the nature of the compound,
when we consider it as composed of sulphuric
acid, alumina, potash, and water. The com-
position of this salt was long supposed to be this
by chemists; and from that circumstance it re-
¢eived the name of triple salt, or a salt which
consisted of three principal ingredients. The
next step to a more perfect knowledge of the
nature of alum was the considering it as



206

consisting of sulphate of potash and sulphate of
alumina with water of crystallization, whence
it received the appellation of double salt.—
Lastly, the doctrine of the chemical propor-
tions completed, if I may so speak, our know-
ledge of the composition of this salt, by show-
ing that it consists of one particle of sulphate
of potash, three particles of sulphate of alu-
mina, and twenty-four particles of water of crys-
tallization.

The chemists have long considered minerals
as composed of peculiar earths, without point-
ing out the exact combinations of these, and
without determining the definite proportions mn
the combinations, precisely as they did with
the ingredients of alum at no very remote
period. From the developement of the electro-
chemical theory, and the discovery of the laws
of the chemical proportions, it has become
necessary to adopt a similar scientific exposition
of the nature of minerals. Our predecessors,
and among them the admirable Klaproth more
especially, by their various analyses, afford us
many materials for this attempt, although its
tull accomplishment can only, without doubt,
be the result of future labours carried on with
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a due regard to the substances, and with all pos-
sible attention ‘to obtain the utmost accuracy,
without which the object never can be attained.

It is the illustration of that class among mi-
nerals in which silica is the electro-negative
ingredient, and supplies the place of an acid,
which throws the greatest light over the rest
of mineralogy, because this class is the most
numerous, and because what applies to it ap-
plies in like manner of itself, naturally and
without violence, to the other classes which are
not so well known. I shall give to this class the
general name of Siliciates,

In my attempt to establish the first founda-
tions of an electro-chemical system, with an ap-
propriate nomenclature, (Kongl. Vet. Ac. H.
1. H. 1812,)* I mentioned the combinations of
silica with other oxides as salts, which I called
siliciates.—It would certainly have been pre-
mature to have then endeavoured to turn more
of the reader’s attention to mineralogical si-
liciates, because the confused chaos which was
spread over them might perhaps have had a
tendency to prejudice the reader against these

¥ Also in De la Metherie’s Journal de Physigue, Oct, 1811,
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ideas, especially as the nature of the treatise
would not admit of a farther exposition of
the subject. I have since that period, with a
truly sincere pleasure, learned that Mr. Smithson,
one of the most experienced mineralogists of
FEurope, without any knowledge of my essay,
has published a similar idea in a memoir on the
nature of stilbite and mesotype. It cannot be
denied that this coincidence of result, derived
on the one hand from pure chemistry, and on
the other from an analytical mineralogical point
of view, affords a strong proof of the accuracy
of the result, which induces me to hope that no
mineralogist fully acquainted with the present
state of chemistry will any longer entertain any
doubt respecting it.

Silica considered as an acid possesses the pro-
perty of giving siliciates of many different de-
grees of saturation. The most general are those
in which the silica contains the same quantity
of oxygen with the base. These we shall here-
after call siliciates. 'The next most general are
those in which the silica contains three times the
oxygen of the base. To these we shall give
the name of trisiliciates. It not unfrequently
contains twice the oxygen of the base, and these
combinations we call lisiliciates, Silica pro-
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duces also a great number of combinations witli
excess of base of different degrees, subsiliciates,
which as something may be gained through a
distinction of terms, we may denote by the ap-
pellation of 0i, tri, &c. for example, lialuminous
subsiliciate, trialuminous, &c. all announcing
that the base (in the case of silica) contains twice
or three times the oxygen of the silica.

Silica, like other acids, gives also doulle sili-
ciates, partly with and partly without water of
crystallization. We most frequently find that
the bases, which have a tendency to produce
double salts with ether acids, do the same thing
here, in the same manner as in the double sili-
ciates we again find, although with many ex-
ceptions, the same proportions between the
bases, as in the other previously known double
salts of the same bases. Hence, for example, if in
the common felspar we could exchange silica for
sulphur, the combination would be alum without

water.

But nature, in her rich stores, where we find
a great number of siliciates which obey without
the smallest resistance the most feeble degree of
affinity, exhibits also a number of combinations
still more various, for which, from t}je experi-
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ence of our laboratories, we have few or no
analogous combinations to produce. Thus, for
example, we find siliciates with from three to
four, and perhaps (on a more extensive experi-
ence) with even more bases, which all form one
common combination, and whose pure crystal-
line texture seems to render it evident that it
must be considered as one chemical whole, un-
lessit shouldbe herealter provedby circumstances
that such bodies belong to the class of crystals
which are formed of many different substances
lying in juxta position, but not chemically com-
bined. It often happens also in this case that
these numerous siliciates are not of the same de-
gree of saturation, but that one or more of the
wealer bases are subsiliciates or siliciates, while
one or more of the stronger are bi- or tri-sili-
ciates ; (such is, at least, what analyses at present
afford us). That similar combinations are not
produced in our laboratories arises evidently
from this, that we usually obtain our result
through the application of circumstances, the
operation of which is much too rapid and
viclent to admit the influence of the weaker af-
finmities.

I have also had occasion to ask myself the
question, if it were credible that in such a slow
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eoncrete combination, siliciates of the same basis,
but in a different state of saturation, could be
united with siliciates of another basis in one
chemical whole; for example, if a particle of si-
liciate of potash could be united with two par-
ticles of siliciate of alumina, and two particles of
subsiliciate of alumina. Theoretical causes in-
duce me to consider this as less probable. It is
therefore more likely, when such a case hap-
pens, that the mineral is to be considered as a
hardened mixture of two siliciates in a aifferent
state of saturation, like a mixed solution of a
neutral and subsalt of the same base. Such, for
example, is the composition of agalmatholite,
according: to the analysis of John. However
the solution of this must be left to experience,
That two unequally saturated siliciates cannot
be combined without the Intervention of a sili-
ciate of another basis, which constitutes the fun-
damental particle or unity of the combination,
follows from the doctrine of chemical propor-
tions.

To enable the reader to determine how far
these theoretical problems are just or not, we
shall add some examples of not only simple but
double and higher siliciates.
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ﬂ.. EXAMPLE OF SINGLE SILICIATES.

1. Calcareous Trisiliciate—A stone from
Adelfors, analysed and described by I-Iiﬁingﬂr in
the Physical, Chemical, and Mineralogical
Transactions, Part I. p. 188, It consists of

Result Caleulated
obrained. Result.

SiliCa suuirennnsennasn:DT*77) holding (2875 3 586
Lime ........ 000..-.835"50 f oxygen ¢ 980 1  3d-sg

AOMEIDR : cvie e sinnnnsns 1'83
Oxide of Iron ........ 1°00
) T o e i 3+85

The small figures to the right denote unity
and the multiples of unity. The last numbers
show the computed result from analysis.* Now

* 1t is of the ulmost importance for these calculations to
know the quantity of oxygen which the silica contains, By
a direct experiment on a combination of silica and ironinelted
together, 1 found that the silica contains nearly 48 per cent.
oxygen, Stromeyer has stated the proportion of oxygen at
55 per cent. The true proportion mustliebetween these, which
I have calculated from John Davy’sexperiments with silicated
flueric acid. He found that 100 parts of fluoric acid could be
combined with 159 parts silica, and that these 259 parts could
farther receive 84'33 parts ammonia. From the quantity of
oxygen in the ammonia, the oxygen of the silicamay be cal-
culated, becanse the former must be a multiple of the latter,
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if' we calculate the analysis of this mineral, we find
that the contents of the oxygen of the lime
are 9'8 which x 5 = 294, which differs little
from 2875, which is the computed oxygen
of the silica obtained. The other ingredients
of the mineral are obviously altogether foreign
to its chemical constitution.

The ammonia contains 46:88 per cent. oxygen, consequently
the 84-33 parts contain 39°466 oxygen. From my synthetical
experiments on the composition of silica, we find that 159
parts silica must contain 76°32 oxygen, but 39,466 x 2 —
78,932, which does not materially differ ; if then 159 parts
silica contain 78932 parts oxygen, that earth must contain
4961 per cent, of oxygen, at which I have in the subsequent
part of this Treatise everywhere computed it. For further
particulars I refer to my Treatise on Chemical Volumes, (art.
Silicium,) See Annals of Philosophy, ii. 443, and iii, 51, 93,
244,353, The contents of alumina are calculated agreeably to
an Essay of mine published loug ago, at 46°7 per cent. of oxy-
gen, magnesia at 38, lime at 28, barytesat 105, soda at 2566,
potash at 17 per cent, oxygen, &c. 1 must also caution the
reader, especially in more compound minerals, not to expeet
the analysis to coincide exactly with the calculation ; this
would at present be too severe a demand, and I have thought
it proper to content myself with such results where the differ-
ence from the calculation does not exceed the bounds of usual
errors of observation in any other analysis. To facilitate the
labour of the reader I have uniformly placed to the right
what the results according to theory or more correct formula
aught to ke,

[
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g, Calcareous Bisiliciate—Werner’s Schaal-
stein, Haiiy’s Spath en Tables, Table-spar.
Analysed by Klaproth, Beytrige, iii. 291.

Dimes1 210,12 hag comeain STHCR A3 s
Watere . sbupane:D 0Xygen 44 1 1 450

The silica is here combined with 1} as much
lime as in the foregoing mineral, and contains
therelore twice the oxygen of the base, while the
water of crystallization contains - of the oxygen
of the base.

3. Aluminous Stliciate—Nephelin, Sommite of
Karsten. Analysed by Vauquelin, Bullet. de la
Soc. Phil. An. V. p. 12.

1] R A B A8) contain =294 1 46
Alumina L. ..c0. . .es. 494 oxygen 2308 1 489
IJ"I[“E -----. ------ R

Oxide of Iron,.... ... !

4, Zinc Siliciate—Calamine. Analysed by
Smithson, Philosoph. Transac. 1803. Con-
sists of

SiliCh coevecensrasnedn ) contain (= 12,41 1 206,70
Oxide of Zinc...... 683 § oxygen 1340 1 66,

TT&[E‘", L'DE'E‘I L NN L ﬁ“?
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5. Copper Siliciate—Dioptase. There i ne
analysis of this mineral that can be depended
on. Itistheonly siliciate of copper with which
we are acquainted.

6. Manganese Busiliciate—Red Manganese-
flint. See my analysis of it in Afh. i Fys. Kem.
och Mineral. 1. 110. It contains

SiliCR ..cusviisnssnsanse40' ) contain gx 19466 ¢ 42+
Protoxide of Manganese , .47*7 § oxvgen 10%50 1 454

Oxide of Tron.....cccoe.. 46
Lime ...... e 15

In this analysis I obtained an augmentation of
weight instead of a loss, because the quantity of
manganese was determined by weighing the per-
oxide extracted by the analysis, while the mi-
neral contained it in the state of a protoxide.
In the original paper therefore there is 58 per
cent. peroxide, which answers to 477 per cent.
protoxide.

In this description of the analysis of this mi-
neral I have made mention of a crystallized
combination of oxide of manganese with silica,
persiliciate of manganese, which I accidentally
obtained with it. Hence it is probable that such

a mineral may hereafter be discovered.
o2
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7. Manganese Siliciate—Manganese flint from
Klapperud. Analysed by Klaproth, Beytr.iv.
138.

reduced to the cor-
responding quantity

: . w —_— L

Peroxide of DManganese 60 < protoxide, con-{ — 120 3
tains of oxygen

Biliea, .ciosvaann sans a . , =12y -3

Water. .... ceserinds aes .13; consal aXyEen g 124 1

As Klaproth found that this mineral, not-
withstanding its dark colour, dissolved easily in
nitric acid, it is clear that it contained protoxide,
and that all its ingredients contained the same
quantity of oxygen.

8. Trisiliciate of Iron—Mineral from Tuna-
berg. Analysed and described by L. Hedenberg,
Afh. i Fys. Kem. och Mineral. ii. 169. It con-
tains

211 b L R () L ey A== 20°15 3 4264
Protoxide of Iron # 832-53 £ x/ T <1 800
R T e 14°i2 2 1600

Carbonate of Lime, .43
Oxide of Manganese 075
Aluming ‘| iibies s 0,37

* The original has 3525 per cent. determined from the

oxide heated with oil, which corresponds to 3253 per cent.
protoxide,



37

9. Siliciate of Cerium—Cerite. From a mean
of the analysis of Hisinger, Afh, i Fys, Kem,
och Mineral. iii. It contains

Silica ...........18 contains oxygen = 850 1 18+
reduced to pro-

Oxide of Cerium 68 tuxidt},cmslainsg
of oxygen.....

= 9Y9%¢ 1 680

As the mineral is dissolved in muriatic acid
without the evolution of oxymuriatic acid, and
the oxide in the state in which it is obtained by
the analysis gives out oxymuriatic acid when
treated with muriatic acid, it is clear that the
~mineral must contain protoxide. It derives its
colour chiefly from the oxide of iron which
enters into it to the amount of 2 per cent.

Silica gives similar siliciates with most bases.
I am convinced that mineralogy will hereafter
exhibit not only siliciates of magnesia, but pro-
bably, likewise, siliciates of potash, soda, ba-
rytes, &c.
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B. EXAMPLE OF DOUBLE SILICIATES.

1. Trisilicias Kalico-calcicus, Trisiliciate of
Potash and Lime—Icthyophtalmite Apophyllite.
Analysis by Rose, Neue's Allg. Journal du
Chemie, v. 44. It contains

- 51 [T PO s SR 58+ = 2581 18 50-ss
FAME ;. [ ; cecacarvunia 24+s { contain G672 5 254
Potaghs s coeiiianione 80 ( oxygen 1435 1 824
Wakll oL Sk A D 139s w0 159

This mineral is thus a double salt of lime and
potash, in which the former contains five times
the oxygen of the latter, and the silica three
times the oxygen of the bases. It is a salt com-
posed of one particle of trisiliciate of potash and
five particles of trisiliciate of lime. The propor-
tion of silica in this analysis may turn out 1 per
- cent, too high from a mixture of quartz in the
specimen examined,

2. Bisilicias Magnesico-calcicus, Bisiliciale of
Magnesia and Lime—Malacolite from ILang-
banshyttan. Analysed by Hisinger, Afh. i Fys.
Kem. och Mineral. iii, 300.

o ) i T R T i . =987 ¢ 535
Eime e 9272 ﬂ;‘:_m;:: G 4 1 23.7
Magnesia.......... 178 oxye 6721 11
Oxide of Iron ..... 2:18

Oxide of Manganese 145
Yolatile matters , . 1'20
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It consists, therefore, of one particle of bisi-
liciate of lime united with one particle of bisili-
ciate of magnesia.

3. Silicias Magnesico-calcicus, Siliciate of Mag-
nesia and Lime—Serpentine from Bajmas. Ana-
lysed by Hisinger, Afh. i Fys. Kem. och Mi-
neral. 303.

SHLHCR ..\ Jecnsnsesal.BB400 = 1575 6 3386
Magnesia........... 47 24( contain 1414 5 3686
Lime.....ccae0.....10°%( oxygen 985 1 107t
o AR B e rk 1400 1235 ¢« 1211

Cllﬂy ----------- sxa 0" 5
Oxide of Iron....... o' 6

|

Hence this combination is a double siliciate
with water of crystallization, consisting of one
particle siliciate of lime, five particles siliciate of
magnesia, and four particles of water. The
original analysis has 106 particles lime: but as
100 parts of the mineral produced 244 parts
gypsum, the proportion of lime, according to a
more accurate computation, is only 10°2 per
cent.
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C. EXAMPLE OF A COMPLEX SILICIATE,

Byssolite—Analysed by Vauquelin, Hauy’s
Traité de Mineralogie, iv. 834. It consists of

Blien. ) s 470 1 [ o E:'i'&ﬁ 8 4?'{:13
I W " L-. *86
aguiin 7213 | oo | AT (B
i I @ mE Ew B R w # T A
Oxide of Iron.....2000 | @%¥8€n 61 2 1936
Manganese Oxide, 1070 | 30 1 . 968

The difficulty of separating lime and magnesia’
with precision may have occasioned a loss in
the former and an increase in the contents of
the latter. If we suppose them to contain an
equal quantity of oxygen, and divide the silica
(—:vc_luully among all the four -bases, then the salt
will consist of one particle bisiliciate of lime, one
particle bisiliciate of magnesia, one particle bisi-
liciate of manganese, with two particles of sili-
ciate of iron.

I shall, however, in the following instances
~adduce many examples of similar complex mi-
nerals, from the analysis of which we are not to
expect all the precision which is requisite in
putting the doctrine of chemical proportions to
the test of experiment.

It is evident that when we apply the doctrines
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of cheniistry to mineralogy, and the productions
of the latter are classified according to the theory
of the former respecting their composition, the
nomenclature of chemistry must also to a cer-
tain extent be applied to mineralogy, and it
must naturally considerably facilitate its study if
we can retain the chemical name: but unfortu-
nately the chemical nomenclature cannot advan-
tageously be applied further than to simple salts,
or simple sulphurets, arseniurets, tellurets, &c.
When these are doubled or variously multiplied,
a chemical name, deduced from the composition,
would be long, harsh, and of difficult utterance;
and the most universal zeal for the introduction
of a strictly scientific nomenclature could not
prevent it from being supplanted by a shorter
unscientific name. Chemists always say alum
instcad of sulphate of potash and alumina,
which may very properly be used as a definition
but not well as a name, It istheretore clear that
the chemical nomenclature is not sufficient for
mineralogy, and that for complex substances
we must avail ourselves of shorter empirical
names. Let chemical names be retained as
long as they can be used, but when that is no
longer the case, I consider the oldest and most
generally received names the best ; and I see ng
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cause to alter such a name except it be («) am-
biguous, (as for example muriacite for gypsum
which does not contain water,) or (£) derived
from a language which has no relation to the
Latin, and such as cannot be Latinised, for ex-
ample, Kreutzstein; because every scientific no-
menclature must have a relation to a Latin
fundamental nomenclature, from which every
language ought not to translate the new name,
but merely to ingraft it by inflexion into their
own. It is only in this manner that perspicuity
can be obtained, I cannot, therefore, but highly
disapprove of the wanton desire shown by many
mineralogists to metamorphose the name of well
known minerals, by which the study of them is
rendered considerably more difficult, ,and the
synonomy comes to be the most difficult part
of the whole science. 'What has mineralogy
gained by the exchange, when it received apo-
phyllite for icthyophtalmite, as the property of this
mineral, which gave occasion to the former
name, is common to many other minerals as
well as it; for example, to many species of mica?
Perhaps this strong desire of metamorphosis is
no other than the desire of authors to give some-
thing of their own to science ; but such a present,
should it go no farther, itis equally in the power
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of all to make, and it seldom excites in the
reader that gratitude on which the author per-
haps calculated.

But before I come to the exposition of the
manner in which I conceive a system of mine-
ralogy ought to be arranged, 1 must name some
words necessary for the purposes of mineral
analysis, in such a manner that the reader may
at once recognize the nature and quantity of the
constituent to which the mineral is indebted for
its chemical nature. That this cannot be effected
by the numerical arrangement, even when as-
sisted as in the examples which I have just now
adduced, the reader must have already perceived.
The resulg of mineralogical analysis must there-
fore be arranged in two manners, a mechanical
result, the numerical, and a scientific result,
which in the preceding Essay I was obliged to
express by a short explanation subjoined to
every analysis, This explanation may, by the
substitution of peculiar signs, become super-
fluous; and by a short and easily comprehended
formula, the reader may in a moment understand
the scientific result.

In my Essay on Chemical volume: I have
proposed similar signs for the arrangement of
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chemical combinations agrecably to the views of
the doctrine of proportions. These signs require
a full acquaintance with the composition of the
substance which they represent, and they in-
clude all the ingredients of the elements, with
the number of their volumes in a compound
body: but these formulee, precisely from the cir-
cumstance of their expressing so much, are too
long and difficult to be comprehended in a
moment, I shall call these chemical formule,
and in this Essay I shall use them only for in-
flammable minerals and single salts.* The
carthy minerals require easier formulae, which
merely express what the mineral is, and I shall
propose some of this description under the name
of mineralogical, and shall for thig purpose
follow the rules given by Thomson in his System
of Chemistry. IHe arranges the initial letters of
the name of the earths in such order, that he
begins with that of which each fossil contains
the most, and so on in succession till that of
which it contains the least. I cannot make use
of the same letters as Thomson, because they
are merely relative to the English name: and
as these formule ought everywhere to be equally

* See f gther, on this subject, the Appendix on Chemical
liglls.
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understood, I consider they ought to be founded
on the Latin nomenclature. In order that no
confusion may arise from the two kinds of for-
mulwe, I shall write the 1‘.'11‘1ncralngical in Italics,
Let us then take Siiica = S, Alumina = A4,
Zirconia = Z, Glucina = G, Yttria = ¥, Mag-
nesia = M, Lime (calx) = C, Strontian = St.,
Barytes = B, Soda (natron) = N, Potash
(kali) = K, Peroxide of Iron = F, Ierrose
Protoxide of Iron = f; the two united F,
Oxide of Zinc = Zi, Peroxide of Manganese =
Mg, and Protoxide of Manganese = mg,
Water = Aq.

When in the formula the symbol of the earth
appears without a number before or after it, it
signifies that in that case the quantity of oxygen
of the earth is the unity in the formula. A
cipher to the left of the letter signifies a like
number of such unities; and a small cipher
above to the right, denotes that the earth con-
tains so many times as the cipher expresses the
oxygen of the earth standing beside it. We
shall take some examples {rom the analyses we
have already gone through.

The composition of nephelin, in which alu-
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mina and silica contain equal oxygen, is exs
pressed by A S.

Table-spar, in which the silica contains twice
the oxygen of the earth, is expressed by C S

The formulee of more various composed fossils
are composed from the formulee of the single
salts which enter into them, for example, the
composition of icthyophtalm =K S* 45 C 8?2,
of byssolite = M 52 + C S§®* + Mg S* + 2 F S.

The mineral productions divide themselves at
first sight into two classes:

1. Bodies formed entirely agreeable lo the
principles of composition in unorganic nature, that
is, the union of linary bodies and linary bodies
with each other. (I have already in another
place shown that the principle of unorganical
compositions is that it consists only of two ele-
ments, and when they seem to have a more
various composition, it proceeds from their con-
taining a combination of two or more such bodies
composed of two elements.)

2. Bodies formed agreeally to the principle
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of compesition in organic nature, and therefore
considered as remains of a former organization.
(I have also in the same place shown that the
principle in organic compesitions cousists in
the circumstance that more than two bodies,
usually three or four, of which oxygen is always
one, are combined into one which cannot be
considered as a composition of two linary in-
oredients. So that unorganic nature consists
of linary bodies and their combinations, and
organic nature consists of ternary and quater-
nary. bodies, partly separate, partly united with
each other, and partly with binary, that is, un-
organic bodies.)

In most systems of mineralogy, diamond,
oraphite, coal, asphalt, and naphta, have been
arranged in the same class. It is evident that
this classification is as inaccurate as if we were
to describe asphalt or naphta in the chapter of
carbon. For the same reason it is clear that
honeystone cannot belong to the former class,
but must be treated of in the latter.

A correct arrangement of the former of these
classes forms the priucipal object of a mineral
system. As mineralogy constitutes a part of
chemistry, it is clear that this arrangement must
derive its principle from chemistry. The most
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perfect mode of arrangement would certainly be
to allow bodies to follow each other according
to the order of their electro-chemical proper-
ties, from the most electro-negative, oxygen, to
the most electro-positive, potassium; and to place
every compound body according to its most
electro-positive ingredient. But this arrange-
ment has difficulties which at présent render it
almost impossible, and of which the principal
is that we only know in a very incomplete manner
the electro-chemical relations of single bodies.
We must therefore, until we become better
acquainted with this subject, content ourselves
with an approximate arrangement. We divide
the single bodies into three classes, oxygen,
stimple inflammable bodies which have not the
properties of metals, which I have denoted by
the name of metalloids, and metals ; and we
distribute them in the order in which they follow
one another, from the most electro-negative to
the most electro-positive, in every class. This
order is nearly as follows :

1. Oxygen.
9. Metalloids.

Sulphur Fluoric radicle
Nitricum Boron
Muriatie radicle Carbon

Phosphorus Hydrogen
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3. Metals.

Avsenic Lead
Chromium Tin
Molybdenum Nickel
Tungsten Copper
Antimony Uranium
Tellurium Zinc
Silicium Iron
Tantalum Manganese
Titanium Cerium
Zirconium Yttrinm
Osmium Glucinum
Bismuth * Aluminium
Iridium Magnesium
Platinum Calcium
Gold Strontinm
Rhodium Barytium
Palladium Sodium
Mercury Potassium
Silver

Every one of these single lodies can constitute

* Thave placed bismuth here, not because I am of opinion
that this is its most proper place, but because I do not knew
where it possibly can have its place, and yet somewhere it
must, or some way or other, be placed,

D
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a mineralogical family, which will then consist
of that single body and all its combinations with
bodies which are electro-negative towards it, that
is, which with some few exceptions precede it in
the alove series.

The family is divided into orders according
to the different electro-negative bodies with
which the most electro-positive are combined :
these orders may then be, for example, 1. Sul-
phurets, 2. Carburets, 3. Arseniurets, 4. Tellu-
rets, 5. Oxides, 6. Sulphates, 7. Muriates,
8. Carbonates, 9. Arseniates, 10. Siliciates, and
so on, It is clear that the number of the orders
is increased in proportion as we approach the
positive end of the series. In this manner we
constitute orders to families and families to
orders, that is, determine families according to
the electro-negative ingredients, and orders
according to the electro-positive. Both may
have their advantages and their difficulties,
like all other systematic arrangements; and
their various advantages cannot be fully as-
certained except by a complete application of
both., So far as I can perceive, the former
has considerable theoretical advantages, not-
withstanding the latter possesses different prac-
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tical good qualities if I may so speak; thus,
for example, it arranges the whole of the ex-
tensive class of siliciates together, and thus
in an uninterrupted chain shows their coinci-
dences, differences, and transitions into one
another.

When the orders are very numerous we must
contrive resting points for reflection and recol-
lection, through the use of which the whole may
be easier mastered; and these must differ ac-
cording to thedifferent varieties of minerals which
belong te the order. When the order does not
contain more than three, four, or six different
minerals, it is sufficient to divide it merely into
species. By minerals of the same species I here
mean the same thing as Werner, the same com-
position and in the same proportion. The dif-
ferent forms under which the same species ap-
pears are varieties, When again the order is
very extensive, containing from 20 to 100 species
and upwards, as is the case with the order of
siliciates on electro positive bases, the memory
is very much assisted by dividing it first into
subdivisions ; for example, 1st Subdivision, Salts
of two ingredients, or single salts. 2d Subd.
Salts with three ingredients, double salts, And

D2



52

#th, Salts with three and four bases; triple and
quadruple salts,

These subdivisions may be divided next into
genera, and the genera into species. A genus
comprehends all the minerals which have nearly
the same ingredients. The species again consists
of the variations in the relative quantities of
these ingredients.

This is certainly not the fit place to go farther
into the particulars of the mineralogical ar-
rangement, particularly as these are no other
than expedients for the sake of convenience,
which appear to most advantage in an arrange-
ment of the whole system, and may well be dis-
pensed with in the exposition of single parts.
However I shall, in the order of siliciates of the
family of alumina, give an arrangement into sub-
divisions, genera, and species, in the way that I
think ought to be adopted. That I donot adopt
it in other places is because I have brought for-
ward so few species that this does not become
necessary.

With respect to the determination of the
family to which the minerals belong, we must ob-
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serve a somewhat different principle for the in-
flammable and for the oxidated orders: thus,
for example, when the question is whether a sul-
phuret, or arseniuret, &e¢. be double or complex,
it is placed under that one of the electro-pasitive in-
gredients of which it contains the greatest numler

of particles, or if the number of these is equal, unde,
the most electra-pasitive.

When again the question respects an oxidated
mineral which consists of two or more oxides,
i 1s then clways placed under the most electro-posi-
tive of the oxides without refevence to the number
of the particles, Through the adoption of these
two circumstances we obtain this great advant-
age, that minerals of kindred compositicns are
placed near one another, and that, for example,
the whole of the great class of double, triple,
and quadruple siliciates are as good as arranged
together under the three or four last electro-posi-
tive bodies which end the system.

I shall here give some examples of the ar-
rangement, and forthat purpose shall make choice
of three families, silver, iron, and aluminium. I
shall, however, not follow the principles too
strictly, because 'm}r principal object was to
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show on the one hand the possibility of the
scientific arrangement, and on the other the
correctness of the application of the chemical
proportions. I have therefore in every one of
the three families chosen different species, which,
had I been writing an entire system, I should
have placed in another family. But in the ar-
rangement which in the following part of this
treatise I have adopted, my view has principally
been to create a scientific arrangement ; so that
these examples may be considered more as im-
perfect monographs of each family, than as
parts extracted from a whole system connectedly

digested.
SiLver FaMmivy.

1st Order. Pure Silver.

Argentum nativum, native silver, with all its
varieties.
2d Order. Sulphurets,

1st Species.  Bisulphuretum Argenti—Sul-
phuret of silver. The chemical formula for this

composition is 4g + 2 §.

2d Species. Sulphuretum Argenti, Stilii, et
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Ferri—Sprodglanzerx. Analysed by Klaproth,
Beytr. 1. 166.

Al s S B L e 17 L = Oy 3
Antimony...... e ..1070 '"““;"‘;5 "{’F 867 1
BRGNS o st i . e 300 1
1630
Copper, Arsenic, Stony .,
MBEET . . v cassonsns o
T B S

If the loss in this experiment is supposed to
be chiefly sulphur, the analysis then gives 17
per cent. sulphur, while the metals receive
16.°. Klaproth determined the proportion of the
antimony at from 10 to 18 parts, by means of
oxide of antimony obtained from aqua regia,
and dried but not heated to redness, which 13
parts contain, besides oxygen, both water and
muriatic acid, according te my experiments on
oxides of antimony, and could not therefore have
contained more than about nine parts metallic
antimony. This mineral appears to be rather
a mechanical mixture than a chemical com-
bination of sulphurets of silver, antimony, and

iron.

3d Species. Sulphuretum Argenti, Ferri, Cupri,
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et Stibi—Grau giltigerz. Analysed by Klaprotl,
Beytrage, iv. 72.

Silver....,18'25t0 1025 2528 [=0%s1,) [ =2 14
Iron ....T'00 Teoo| Z5% P06 . a2 R
Copper ..250 2700 | 2EE 632 6|35 64 2565
Aniimony2i00 23" 5 p57:5d 36 spzd Qs 2565
Sul phur 2 5% ¥ =

and 9705 805|225 g %62 27'20
Loss } JEEE L Ll

1475

Before I enter on the exposition of this
analysis I shall state what I understand by pro-
portional degrees of oxygenation. In the calcu-
lation of the mumber of volumes (atoms, par-
ticles) in which the metals are contained in
similar combinations, there is no easier way of
arriving at the result, without long calculation,
than by determining hew much oxygen the metals
take up in the oxides, which are assumed to con-
tain the same number of volumes of oxygen. In
the above analysis all the oxygen is calculated on
the supposition that the oxides contain two
volumes of oxygen. Chemistry however has not
yet discovered this degree of oxidation in an-
timony ; aithough it is possible that it may exist ;
but at all eventsit is a convenience for us to avail
ourselves of it in calculation. To those who may
be disposed to consider this as a sort of pleading
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for a feeble degree of the honour of proportion, I
must be allowed to say that such a merely
calculated oxide never appears where the
higher or lower existing degrees of oxidation can
be obtained, of which the contents of oxyzen
constitute a multiple with a whole number of
unities in the combination, and that it is there-
fore merely for convenience’ sake that I avail
myself of the imaginary oxide.

From the small variaticns in the analyses of
the same mineral we easily perceive that, in case
it 1s a chemical combination and not an aggre-
gate, 1t contains one particle (atom or volume)
of silver, two particles of iron, three particles of
antimony, and six particles of copper, combined
with sulphur in such proportions that the copper
gives a sulphuret, the silver a bisulphuret, the
antimony a trisulphuret, and the iron a quadri-
sulphuret ; altogether the most usual sulphurets
“in which these metals appear. The formula
which expresses this composition is Jg S¢ +
2 fe S+ + 88682 + 6 Cul.

&

4th Species. Sulphuretum Argenti et Stibii
cum QOuxido Stibioso—Red silver ore, Analysed
by Klaproth, Beytr.

1
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Bilrer. . coiivinina Di0 takesup oxygen (— {558 o
Antimony . ........;: 185 ( in proportional 2908 ¢
Sulpbor.scecovenee 1o C degrees of oxy-

Sulphuric acid...... 83 ) genation,

No chemical principle leads us to suppose that
sulphuric acid is found in this mineral. Klap-
roth was not of opinion that the oxygen in the
mineral belonged to the sulphur, Proust after-
wards discovered that the sulphuret of antimony
possesses the property which no other sulphuret
does, of combining chemically with oxide of anti-
mony; and that crocus of antimony is the re-
sult of the combination, which by fusion can be
mixed in almost every proportion both with the
protoxide and with the sulphuret of antimony,
and with other metals less inflammable than
antimony. The colour of the mineral shows that
it contains a combination resembling crocus of
antimony. If this combination, as I once from
a hasty experiment on crystalline crocus of an-
timony was led to suppose, is composed of two
particles of sulphuret of antimony with one
particle of oxide of antimony = 2 Sb Ss +
St O¢, then % of the contents of antimony in
the mineral are combined with sulphur, and
with oxygen. But 62 parts silver take up 9:176
parts sulphur, and 12:834 parts antimony (& of
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18°5) take precisely the half of it = 4-588 parts
sulphur. Hence the composition of this mi-
neral is expressed by S0 O3 + 2 80 S¢ + 6 Ag
S2, Consequently the compesition of the mi-
neral in numbers is

Silver........ 6202 Sulphuret of silver.,...T1"156 &
Antimony.... 185 Sulphuret of antim..... 16,002 2
Sulphur ...... 13.76 Protoxideofantim.,... T.217 1
Oxygen ...... 115

which, as far as the proportion of sulphur is con-
cerned, coincides with the result of Klaproth.

3d Order. Stibiets,

It is known that antimony forms two oxides
that have acid properties, whence it follows that,
like arsenic, tellurium, and sulphur, it must ap-
pear as an electronegative ingredient in respect
to other metals, which is also the case with both
silver and lead. Hereafter still more stibiets
may be discovered.

1st Species. Stibietum Biargenti-—Antimo-
nious silver ore. Analysed by Klaproth, Beytr.
iii. 175, '

takes oxygen in pro-

Bilver. . co.oaiis 71 . =579 & 77
. pertional degrees of _
Antimony......23 guxidatinn 2850 1 23
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Hence the analysis gives this stibiet exactly
80 + 2 dg.

2d Species. Stibietum Triargenti—Silberspies-
glans. Analysis by Klaproth, Beytr, ii. 301.

Silver, coes . 842 takes oxygen in prop. § — 62 3 8%
Antimony . .16§ degr, of axidalion Q0o t 176

Hence theanalysis deviates very inconsiderably
at farthest from three particles silver to one parti-
cle of antimony, and probably would not exhibit
the smallest difference if the silver in the analy-
sis had not been weighed after copper, which
always occasions it to be somewhat coppery.
The formula for the composition of this stibiet
is 8t + 3 Ag.

4th Order. Tellurets.

1st Species. Bitelluretum dArgenti with Se-
telluretum Auri—Aurum graphicum. Analysis
by Klaproth, Beytr. iii. 20.

GO, o 80% portional degrees of <+ R'40 3 285

Tellurium, ...60) take oxygen in pro- ( =14's0 20 Gl°ss
Bilver ‘. .<s.. 10 ) oxidation 074 1 l0*as

The proportion of gold in this analysis appears
nearly two per cent. too high. This mineral,
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supposing the analysis in other respects correct,
is = Ag T* + 8 AuT5. The disposition of
the gold to take six volumes of tellurimn is analo-
gous to what happens in the common telluret, as
well as sulphuret and oxide, in all of which it
unites with three volumes of the electro-negative

body.

2d Species. Bitelluretum Argenti with Bitel-
luretum Plumbi and Tritelluretum Auri—\Veis-
serz, Gelberz. Analysed by Klaproth, Beytr.
iil, 25.

Telluret ...... A4'75 Ctakes oxygen ) == 114 5 440
Gold ........26°5 Yin properti- 214 3 27w
1 RO 19-50 Jonal degrees 156 ¢ 1849s
Silver...... . 840 ( of oxidation D63 1 Ga0

A trace of Sulphur,

In looking over these figures we find that the
contents of the silver are nearly one per cent. too
small. But when we see that in the analysis of
Klaproth 2 of the contents of silver are obtained
by fusion with carbonate of potash from a mass
of quartz grains, which amounted to 12 times
the weight of the silver, we are not to wonder
that the whole quantity of silver found was not
so fully brought eut as to give the utmost ac-
curacy to the proportion of silver in the result.
Allowing a small érror in the proportion of silver
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found, this mineral will contain one particle silver,
two particleslead, three particles gold, and 15 par-
cles tellurium ; and the mineral is, agreeably to
what I demonstrated in an Essay published long
ago, (K. V. Ac. Handl. 1813 sedn. Halften.*)
so composed that, if the metals are oxygenated to
their proper pointy we obtain neutral tellurates.
The formula for the composition of the mineral
is therefore g T* + 2Pb T2 + 3 4uTs.

5th Order. Aurets.

1st Species. Biauretum Argenti—Electrum.
Analysis by Klaproth, Beytr. iv. 3.

Gold ...... .64 (takes in preportional) 55 o 6Gd'as
Silver,.......30 ¢degrees of oxidation § 25 ; 3512

Hence this mineral is = 4g + 2 Au.

2d Species.  Auretum Biargenti— Aurifer-
ous silver. Analysed by Fordyce, Phil. Trans,
1776, p. 523.

Silver..oereue 712 takes oxvgen in prop. {232 ¢ 74
Gold ........28% degrees of exidaticn ¢22¢ 1 26

The proportion of silver in this analysis is a
little too low ; but as it was made at a period when

* Also in Schweigger’s Journal, November, 1812,
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chemistrydid not possess all its present expedients
for obtaining precision, this circumstance is not
to be wondered at.

6th Order. Hydrargyrets,

1st Species.  Bihydrargyretum Argenti—
Native Amalgam. Analysed by Klaproth,
Beytr. 1. 183. |

Mercury........04} takes in proportional {512 e 6532
BELVEE L 864§ degrees of oxidation 266 1 34-68

The formula for this compound therefore is
Ag + 2 Hg.
Tth Order. Carbonates.

1st Species. Carlonas Argenticus (Stilio-car-
Lonas Argenticus ¢)—Carbonate of silver, Ana-
lysed by Selb, Aikin’s Dictionary, Part ii. 295.

11 - P AT S L e 725
Carbonic acid ,....ic0niueaeer 120
Oxide of Antimony,.....o... A5

From the circumstance that the silver here is
stated in the metallic form, and yet, that there is
no loss in the analysis, it is probable that no
great reliance can be placed in the result. The
carbonic acid, as stated in the table, includes
probably also the oxygen of the silver. On this
supposition the result of the analysis is such
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that the mineral may be considered as a double
salt with two acids, and the silver in it may be
equally divided between the carbonic acid and
the oxide of Antimony, in which case its composi-
tion would be 4g 02 + 2 C Q¢ with 4g O+
+ 8§ O+, 'This is merely thrown out to ex-
cite attention to the possibility of such a com-
position of the mineral, is case it should here-
after be found in sufficient abundance for an ac-
curate analysis.

8th Order. Muriates.
1st Species. Murias argenti—Hornsilver, It

is 4g O + 2 M O=.

Iroxn Famivy.
1s¢t Order. Native Iron,

1st Species. Native Iron.  According to
Klaproth, alloyed with a little lead and copper.

2d Species. Meteoric Iron. Alloyed with
nickel.
2d Order. Sulphurets.

1st Species. Quadrisulphuretum Ferri—DPy-
rites. = Fe + 4 §.
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2d Species. Bisulphuretum Ferri—Magno-
tic Pyrites. = fe + 28,

2d Species. Bisulphuretum Ferri with Sul-
phuretum Cupri—Copper Pyrites from Hitterdal
in Norway., Analysed by Klaproth, Beytr. ii.
281.

prop. degr. of

Iron ..., T-ég takes oxygen in 3 o ol A TR §= 433 T

Copper. 69§ oxidation 1736 sf phur 1750 T0-47
Sulphur

and 230 21's3 21°96
Loss. .

Hence the composition of the mineral is eight
particles of the sulphuret of copper to one parti-
cle of the bisulphuret of iron, = Fe §* 4 &
Cu §. '

4th Species. Bisulphuretum Ferri, with Sui-
phuretum Cupri, and Stibietum Plumbi—T.cad
Fahlore. Analysed by Klaproth, Beytr. iv. 87.

Lead ....34'w0 ) 532 [ =2 1 290
Antimeny 1600 | £3% 203 1 180
Copper .. 162 » 22 408 ;; takes g 4:07 180
Trom' ....180% | fa. 410 2 § sulphur ¢ 825 13
Sulphur..13350 § S2£2 ek - MR
e 12-s¢

Silver.... 225

Loss ,... 8'15

Hence it seems that this mineral, with the
deduction of a small foreign mixture of sul-
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phuret of lead and sulphuret of silver, contains
the metals in such proportion that the composi-
tion is expressed by the formula, = Pi/ § +
2Cus + 2 Fe§a

3d Order. Carburets.

1st Species. Supercarburetum Ferri—Graphiie
~—Black Lead.

The small proportion of iron in this substance
long induced me to suppose it to be pure carbon,
mechanically blended with a little of the car-
buret of iron. But as the proporticn of carbon
in the artificial black-lead, which ecrystallizes
during the fusion of cast iron, exceeds 90 per
cent. this body must therefore be a chemical
combination ; because we cannot suppose that an
elementary body can separate itself from all
cembination with another from the mere dis-
position to crystallization. Besides, it is known
that the crystallizing hydrargyret of potassium
does not contain full three per cent. of potassium,
though it is beyond all doubt a chemical com-
bination. This demonstrates that the maximum
of particles (atoms, volumes) of a body which
can be combined with a single particle of
another must be very great. For if, according
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to the analysis of Saussure, the pure native
graphite of Cornwall contains 96 parts carbon
for four parts of iron, and if the artificial, accord-
ing to Berthollet, contains 91 parts carbon for
nine parts iron, one particle of iron in the first in-
stance is combined with 208, and in the second
with 98 particles of carbon ; or, allowing for a
trifling error in the analyses, the former may be
Fe + 200 C, and the latter Fe + 100 C.

2d Species.  Subcarlburetum Ferri—Native
Steel from Labouiche in France. Analysed by
Godon de St. Memin. Journal de Th. Ix. 310.

| 1)1 R B RS Tt s 045
| R T R e e 43
Phosphorus. .....c0nueees 1o

This iron is stated to be malleable. In my
analytical experiments on cast iron I found that
iron which contains 3. per cent. carbon = 8 Fe
+ Cis already in the highest degree brittle and
completely immalleable. However if we assume
this analysis to be something like correct, the
combination would be 2 F¢ + C mixed with
~a little phosphuret of iron,

4th Order. Arseniets.

1st Speeies.  Arsenietum Ferri—Misspickel, 1
EZ



68

know no analysis of this fossil, but believe that
it may be securely calculated at

That is, = Fe + As.

" 2d Species. Arsenietum Ferri, with Sulphu-
retum Cupri— Irahlore, from the mine of Hohen-
birke, at Freyberg. Analysed by Klaproth,
Beytr. iv. 40.

1 {7 P P28 agasisnesnnminsonediid 1
Arsenic..... L e AR N s 2368 1
Copper .... 410 suciuus A b A 4544 2
Sulphor . 200 s e e k18 8

Lﬂ‘55-4- = bW E.u

If therefore this mineral i1s a chemical combi-
nation, and the difference between the result ob-
tained and the result calculated is to be consi-
dered rather as the fault of observation than as
originating from a mechanical mixture of the
ingredients of different minerals, it will be com-

posed of Fe As + 2 Cu S.

8d Species. Arsenietum Uiferri with sulphu-
retum cupri—Fahlore, another species from the
mine Jonas, at Freyberg, Analysis by Klaproth,
Beytr. iv, 53.
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Iron...... 27+ ) Ezi = T ? 252

Arsenic,, ., 156 iR 374 15728
Fie . takes 10-g3

Sulphur...100 ) ZEE3 10+40

Antimony 1's
Silver..... 09

So that the arsenic is the unit in this combi-
nation, and the mineral consists of = Fe °A4s +
8 Cu S,

5th Order. Tellurets.
1st Species. Supertelluretum Ferri— Native tel-
lurium. Analysed by Klaproth, Beytr. iii. 8.

Tellurium 91557 takes oxygen in pro- {=22'60 10 9200
Iron..... T-20§ por, deg. of oxid, 22 2 Te9t

—_—

Gold..... 04
Loss.,... 100

This mineral is therefore Fe 4 10 Te. But
the number of particles of the tellurium ought to
be determined with greater precision, because
very small variations in the result of the analysis
easily change them from 9 to 12, and this mi-
neral probably contains some one of these num-
bers,

6th Order. Oxides.

1st Species. Oxidum ferricum—Iron glance,
of various forms, Its composition is F' + 38 O.
2
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94 Species. Oxidum ferroso-ferricum—Nag-
netic iron-stone, of all forms,

According to my experiments, magnetic iron-
stones, and minerals merely attracted by the
magnet, have the same composition,* and con-
sist of

Oxidum ferricum 69+ 02} contain (= 21150 =
Oxidum ferrosum 30'0:y oxygen T'068 1

So that the peroxide holds three times the
oxygen of the protoxide. The combination is
therefore = Fe 0° 4 2 Fe 0°,

It 1s extr{':me]}r prubﬂble that the pure or free
black axide of iron occurs as seldom in a mineral
state as other stronger saline bases,

7th Order. Sulphates.
1st Species. Swulphas ferrosus—Native iron-

vitriol. Fe Q¢ + 28 O°.

2d Species. Sulsulphas biferricus—Ochre from
vitriolic water, deposited from the preceding
species. 2Fe 0%+ 8S0O° + 6 H* 0.

3d Species, Sulsulphas quadriferricus-—Iron

# See farther, Appendix 1V,
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pitch ore. Eisenpecherz. Fer oxidé resinite
Analysed by Klaproth, Beytr. v. 221.

Oxide of Iron..... 67 : = ' a 6720
: : tain ;

Sulphuric Acid..... 8 t:-:rnr 480 1 866

-‘:"r“lfr LU L LA BE A A L) L IE:--) Dxbgﬁn Eﬂ-uﬁ ‘ EE‘H

This analysis demonstrates to us the existence
of a sulphate of iron formerly unknown. The
proportion of sulphuric acid is here a slight
degree too little, and that of the water, probably
from meehanically adhering humidity, a little too
high. It will at all events be admitted that the
salt is 4 Fe O° + S 0% + 12 H? O.

8th Order. Phosphates,

1st Species. Phosphas ferrosus—Native Prus-
sian blue, Fe 0% 4+ 2 P Q%

This salt is usually at first phosphas ferrosus,
but it takes in the course of time, through the
agency of the air, a higher degree of oxidation,
and receives a blue colour, under which it is
changed to phosphas ferroso-ferricus. Through
this change it receives a small mixture of sul-
phosphas ferricus, and suffers by that means a
small change in the contents of its water of crys-
tallization. ;
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2d Species.  Sulphosphas ferricus—TPhos-
phated iron. Fer phosphaté, Lucas, Tabl. Meth.
ii. 413, Analysed by Laugier, Ann. du Mus.
d’Hist. Nat. iii. 405.

Oxide of Iron .......412s . = 12397 41°64¢
: : : contain
. % Edade - .
Phosphoric Acid *,, .22 E.ﬁg oxygen % 12-12 2386

Water oo svesnssasiBl 08 Q7«28 2010

s"i]]carl—-l...uﬁqqiann ]'95

Hence this mineral is Fe 0 + 1L P 0* 4+ 6
H*0,

8d Species. Sulphosphas ferrico-manganicus——
Manganese phosphaté ferrifere.  Analysed by
Vauquelin, Journal de Min. No. 64, 299.

OxIde 6F Tran-< et vals asnnnines i 31
Oxide of Manganese..............42
Fhosphoric Acid,...ocsuvrennnssss 27

This analysis does not correspond with any
calculation. All that we can infer from it is
that the mineral is a double subphosphate.

9th Order. Carbonates.,
Ist Species. Carlonas ferrosus—Sparry or

# The original has 19°25 from an inaccurate calculation of
the compesition of the phosphate of Jead,
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white iron-ore. Analysed by Buchholz, Journal
de Chemie und Physik.

Protoxide of Iren...59s Ccontain) — 13'56 1 5877
Carbonic Acid......36% ¢oxygen 2622 ¢ 4673

Lime ----- R R BE R 2":I.J‘
“\iltf}[' B AR R R R R R R E.ﬂ'

This mineral, which most frequently appears
mixed with greater quantitics than in the present
example of magnesia, lime, or carbonate of man-

ganese, is obviously a carbonate of iron com-
posed of = Fe O* + 2 C 0%,

2d Species, Sulcarlbonas ferroso-ferricus. It
does not constitute a separate mineral, but it
appears not unfrequently mechanically blended
with ochres, bog ores, &c. where, through the
agency of water and air, it is destroyed and trans-
formed to hydrate of iron.

10th Order. Arseniates,

1st Species, Sulbarsenias biferricus— Cube-ore,
Fer arseniaté, Analysed by Vauquelin, Brog-
niart, il. 183.

Arsenic Acid......... 18 Ts5 1 1746

Oxide of Iron........48 edntain L= 14's 2 4750
W SRR & o b s il 4 32 283 4 82gs

oxXygen

Carbonate of Lime,..,. 2
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The salt is thercfore 4 Fe O 4 As 0% + 24
H* 0.

11¢th Order. Chromates.

1st Species. Subchromis aluminico-ferricus—
Chromate of Iron. Fer chromaté. Analysed
by Laugier, Ann. du Mus. d’Hist. Nat. iv. 325.

Oxide of Iron,..... 34 = 102 ¢ 340w

Alumipa.............11{ contain g L illar

Green Oxide of rol OXygen 5 .
Chromium .. E' st a2

Ei]icalﬁiillntl'illtl l

Oxide of Manganese 1

It appears very probable on a first inspection
that this fossil must be a double chromate ; but
when we compare the analysis of Laugier, Klap-
roth, and Vauquelin, which do not materially
differ nor exhibit any particular loss, though
they reduce the chromium to the weight of the
green oxide obtained in the analysis, we imme-
diately perceive that this mineral cannot contain
chromic acid, because for 53 per cent. green
oxide, there must in that case be a loss of
15°77 per cent. from the oxygen which this
chromic acid must have given out before be-
coming an oxide. I have ventured to call the
mineral ¢Zromis, though I am well aware that an
oxide exists between the acid and the green
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oxide, and that it is possible that it also gives
combinations where it constitutes the electro-
negative ingredient. I call the muneral suf-
chromis, because a neutral chromite must contain
three times the oxygen of the base, for this
reason, that the green oxide contains three
volumes of oxygen. This mineral therefore con-
sists, agreeably to the expﬂéitiﬂn, of two particles
subchromis ferricus, and one particle subchromis
aluminicus.

Another similar mineral which Klaproth
analysed (Beytriige, iv. 182) seems to consist of
four particles of the former to one particle of the
latter. The analysis however does not exactly
correspond to any calculation. I must remark
that the specimens of this mineral which I have
had opportunities of examining have not had
the smallest influence on, the magnetic needle,
and therefore could not have contained protox-
ide of iron.

12th Order. Tungstates.
Ist Species.  Swulwolframias ferrico-manga-

nicus—Wolfram., Analysed by Vauquelin and
Hecht, Journal de Min. No. 19, 18.
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Tungstic Acid ...... 6700 ; = 1340 8 €694
Oxide of Iron...... IS'NE contdin g 540 s 1605

Oxide of Manganese 625 O one 187 1 H'6s

[ —

BIlIER. s oo sssanasias 1750
Lot . vy vusnsonins B8
I have elsewhere shown that in neutral tung-
states the acid contains six times the oxygen in
the base. This salt is therefore a substungstate.
Its composition is Mg O° 4 IV O° with 8 FO°®
+ 8 W OS5,

13th Order. Siliciates.

1st Species. Supersilicias ferricus—Crystal-
lized brownish-red iron. Analysed by Buchholz,
Journal fiir dic Chemie und Physique, vi. 156.

BilicB.cstaaninn. ...75'35§ contain § — 3824 6 877
Oxide of Iron..,...21'67% oxygen 650 1 2l-es

Oxide of Manganese 0-gs

Hence it is = F §°6,

2d Species. Trisilicias ferrosus. See the exs
ample of single siliciates. = F §° + 2 4g,

3d Species. Silicias ferroso-aluminicus— A
black mineral from Gillinge without a name.
Analysed by Hisinger, Afh, i Fys. Kem. och
Mineral. iii, 206.
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- =13%5 s LT"17
Protoxide of I'on,. .47 contain 1029 ¢ 47°38
Alumina............ &5 ( oXygen 257 1 577
" T E S S i C L | 1056 4  Q%+2s

Oxide of Manganese 097

The quantity of oxide of iron in this mineral
is determined by the weight of the oxide when
burnt with oil. The original has therefore 515
for oxide of iron, which corresponds to 48 per
cent. protoxide of iron. The composition of

this mineral is expressed by 4 8 + 4f§ + 4
Aq.

4th Specics.  Stlicias ferroso-magnesicus—
Chrysolite. Analysed by Klaproth, Beytr. i.
110.

*1i & ™ —— . "
e A L U §—13-:f g
SHESIEL wav v uvous AR
Protoxide of Iron 176 § AR dror 1 T55

Klaproth obtained in the analysis of this mi-
neral an augmentation of weight of two per cent.,
which disappears when we reduce, as in the
above, the weight of the oxide obtained to the

protoxide. This mineral is therefore = f§ +
4 MS.

5th Species. Silicias ferroso-calcicus—Mela-

nite. Analysed by Hisinger, Afh, i Fys, Kem.
och Mineral. ii. 157,



CH T R g 34+ £ el o L ST
Protoxide of Iron *,. 33 f_lr::“,t‘:t:l T*50 1. . 3341
L ot o 24+36 Yge€ G'as 1 27as
PRl Vs e ia 100
Loss frem heating. ..., 050

After allowing for trivial inaccuracies in the
result, probably owing to a foreign mixture, this

mineral is = £ S + C &.

6th Species. Silicias ferrico-calcicus—A gar-
net shaped mineral. Analysed by Bucholz.

Sillm ok e g - — 1650 ¢ 835
Oxide of Iron........ 95400 COHERN Hen 1 97%0
Limeiasataiisti ot i85 Lt 8+ 1 363
Alumina. .. ... & R R 2.00

Oxide of Manganese.. 30
N uw

The presence of the carbonic acid in this mi-
neral betrays a slight mixture of carbonate of
lime. Itis in other respects F§ + C§. Hence
it appears that the 5th and 6th species differ
merely in the degree of oxidation of iron.

7th Species. Silicias ferroso-calcicus with Si-
licias aluminicus—Black garnet, Melanite. Ana-
lysed by Klaproth.

* Calculated from the oxide burnt with oil.  The original
has 3650,
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BT G i i ne e 3D'5 = 1762 8 34's0
Protoxide of Iron. ....22 contain 13 2 259
LiIRE . s avinnacassioncsdn'D oxyzen 90 s 30wy
Alpminas .o W veuisatin - G0 29 1 G 1t

Oxide of Manganese... 04

This mineral is therefore = 48 + 28 + 3
Bk

8th Species. Silicias manganico-ferricus with
Subsilicias  aluminicus—Garnet-shaped mineral
from Langbanshyttan. Analysed by E. Rothoff,

Afh.1 Fys. Kem. och Mineral. iii.

T e L T = 1737 6 846
Oxide of Iron.........260 contain T8 3 9137
AR, . ¢ ivvvviossoe D7 oxygen 116 4 2392
Oxide of Manganese,. 86 2% 1 Bun

———ran.

7)) T e R e | L1
FITE L i SRR 1*05
Carbonic Acid......... 200

This mineral therefore consists of Mg § +
F>S + 4 48.

9th Species. Silicias aluminico-ferricus with
Bisilicias calcicus—Aplome.  Analysed by Lau-
gier, Ann, du Musée d’Hist. Nat. ix. 271.
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Y T T S, 420 — 9as 5 43,28
O yide of Iron........ 145 contain 435 1 1400
Lime,. o ereveeeeasadds { 0Xygen 406 1 15354
Alumina..........., . 200 935 2 18440

Ozxide of Manganese.., 270
Loss by heating to) .
TBOEET, o v voanonse 20

This mineral is thercfore C§2 + FS§ + 2 48.

This exposition seems to demonstrate that the
double siliciate of irom and alumina, like many
other siliciates, especially siliciates of lime, mag-
nesia, and manganese, may form garnet-shaped
minerals, in the same manner as sulphate of alu-
mina forms with potash and with ammonia such
similar salts, that we often take the latter for
alum.

Siliciates of iron occur in very great abundance
in minerals, for example, im mica, asbestus,
tremolite, tourmaline, actinolite, chlorite, preh-
nite, &c. but in the present state of chemical
analysis it is altogether impossible to calculate
the composition of a mineral containing iron
with any degree of certainty, Klaproth began
to determine the contents of oxide of iron by
mixing the oxide obtained in the analysis with
oil, and burning it afterwards in a vessel half
covered, on the supposition that the oil would
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always reduce the oxide to a definite degree, to
which the result of the analysis could then be
compared. But this procedure is so inaccurate
that we never can depend upon the proportion
of iron found ; for the oxide of iron is reduced
by the oil, in a slight burning, not merely to a
protoxide but to a metal. If this burning be
continued with the access of air, the metal is again
oxidated, and usually forms oxidum ferroso-fer-
ricum; but we can never calculate on this taking
place completely, or be sure that it has in no
degree been over-oxidated. It would be better
therefore, in all future analyses, to determine the
contents of iron from the weight of the red
oxide. In all the calculations of minerals con-
taining protoxide, which I have already ad-
duced, I have made a correction, founded on
the supposition, that what in the result of the
analysis is given as derived from oxide of iron
burnt with oil was oxidum ferroso-ferricum, which
contains 2814 per cent. oxygen, and I am of
opinion that in most cases we shall in this way
come pretty near to the truth,

But there remains another question in mineral
analysis much more difficult of solution. In
what degree of oxidation does this iron appear in
the mineral? It is absolutely necessary for scien-

F
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tific mineralogy to find a method to determine
this. The iron may, for instance, be partly
protoxide, partly oxidum ferroso-ferricum, pro-
bably in more than one proportion between both
oxides, and partly peroxide. When this latter
appears, it is usually most easily recognizable,
especially from the colour of the mineral, which
is then yellow and red, or gives a powder of that
colour: but then to distinguish between the two
former from the colour is difficult if not impos-
sible. It is true, for example, that sulphas fer-
rosus has a blue-green colour, where sulphas
Sferroso-ferricus has a grass-green one; but this
proves nothing for other cases; for prussias fer-
rosus is white, whereas prussias ferroso-ferricus
is dark blue. I must therefore recommend it to
those who occupy themselves with the analysis
of minerals, to endeavour to find out secure
means for recognizing the state of oxidation in
which the iron is found in the minerals. The
same observation applies to manganese. (See
farther, Appendix IV.)

14th Order. Tantalates.

1st Species.  Tantalas manganico-ferricus,
(Manganoso- ferricus 2) — Tantalite - columbite,
The analyses by Wollaston, Klaproth, and
Vauquelin,
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Oxide of Columbium....85...... BO*,...0.88.. ... 83
Dxide of Frole e il Ys 0 (1 ot 12
Oxide of Manganese.... 4...... nl e R

We see that these results revolve round a
common central point ; although no calculation
can be made, as long as neither the quantity of
oxygen in oxide of tantalum is known, nor the
degree of oxidation of the two other metallic
oxides is determined.

2d Species.  Sulbtantalas ytirico - ferrosus—
Yttro-tantalite. Analysed by Vauquelin.

Exide ol Tantalimy. <. oot mive v dels 45
Oxide of Iron and Yitria.. .oceveeee..hd

From this incomplete experiment we can only
discover that the above is a tantalate, and there-
fore it must be a subtantalate.

15¢th Order. Tiﬁuﬂates.

1st Species. Titanias ferrosus—Menachanite,
Titanium-sand, Analysed by Klaproth, Beytr,
ii. 231.
Oxide of Titaniom. .oseee.ss R e S 100
Protoxide of Iron...........5010W, ......... 1133
2d Species. Subtitanias triferrosus—Titanic-
iron, compact magnetic iron-stone. Analysed
by Klaproth, Beytr. ii. 284.

* Analysis of Columbite,
¥ 2
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Oxide of Tianiom .o.oveveercere B2 uunees 100
Protoxide of Iron...c.cocvv... L (- TR | -

3d Species. Subtitanias seferrosus—Sandy
magnetic iron-stone. Analysed by Klaproth,
Beytr. v. 210.

Oxide of Titanium........ e 1 100
Prntoxideof MXoN. ....viiecssdBD™S Litu, s .G10

4th Species. Titanias ferrico-manganicus—
Nigrin, Analysed by Klaproth, Beytr. ii. 238.

Oxide of TilaniumMec. . covseonsessn .e 54
3 0t Lol vy e v N e e e T ol it A -
Oxide of Manganese c.c.eoensreicensnss 2

So long as the composition of oxide of tita-
nium is not sufficiently ascertained, the value of
these analyses cannot be determined. From
the analysis by Klaproth of the protoxide of tita-
nimmn, we see that the quantities of protoxide of
iron are increased nearly as 1, 3, 6. But when
we look into the analytical method, we find that
the quantity of the protoxide is determined in
the manner already mentioned by me, and must
therefore be reduced from ferroso-ferricum to
Serrosum, because the striking magnetic charac-
ters of the minerals distinctly show that the iron
must be found in it in its lowest degree of oxida-
tion. On the other hand the contents of tita-
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nium are determined from the loss, so that in
the same proportion that the contents of iron
are too great, the contents of titanium have suf-
fered. I'rom a calculated correction, the first
species contains 98 parts protoxide of iron for
100 parts oxide of titanium; the second species
286 of the former for 100 of the latter, which is
nearly = 1:3. But the third species does not
correspond with the correction. T have not had
an opportunity of secing the fifth volume of the
Beytriige, and therefore cannot say how far the
analysis of the third species is so determined
towards its result, that the same correction can
be applied there, that was applied to the other

two.
16th Order. Hydrates.

1st Species. Subhydras ferricus—Ochre, bog-
ore. Consists of FO3 + 11 H*® O,

It appears seldom pure, but is generally
blended with carlonas ferroso-ferricus, together
with subsilicias ferricus,

FaMminy or ALuMINIUM,

In proportion as we approach the end of the
chain of single bodies, the inflammable minerals
2
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become more rare, and the oxidated more va-
rious. Nature here exhibits the endless diversity
of which she is capable, though she always fol-
lows with the utmost strictness the laws of defi-
nite proportions in composition. The greater
the number of oxides which are combined, the
oreater is also the number of the proportions in
which they admit of combination, and I shall
place before the eyes of the reader a proof of
the possibility ofa great multitude of minute va-
riations in composition in minerals of the same
kind, with some probabilities that nature occa-~
sionally produces a great number of the combi-
nations possible in our theoretical reasoning.
Hence it happens that there may be such consi-
derable differences in the numeral contents of
kindred minerals, that they will evidently long
baffle our most strenuous endeavours to bring the
analysis of minerals to the degree of perfection
which is so indispensably necessary for the scien-
tific improvement of mineralogy.

The family which we have before us possesses
no order belonging to the inflammable combi-
nations, nor, so far as we at present know with
certainty, any pure oxide that is alumina in a
combined state. Most systems of mineralogy
adopt a class of precious and completely hard
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stones which they consider as pure alumina,
Thus, for example, Klaproth found sapphire to
be pure alumina coloured by a little oxide of
iron; but Chenevix found by the application of
a new analytical method, in the same sapphire,
3L per cent. silica, and 7 per cent of it in rubies.
It is not probable that these contents of silica are
merely accidental. Perbaps these minerals must
be considered as subsiliciates in the highest
degree of saturation with alumina.

Another class of these hard minerals contains
the alumina combined with bodies of a more
complete electro-positive nature than alumina ;
for example, with magnesia in the spinell, and
with oxide of zinc in the authomolite. If it
hereafter can be shown to be probable that the
minute portions of silica found in these are de-"
rived from foreign mixtures, then these combina-
tions would be true aluminiates, in which the
alumina supplies the place of the acid, and
belong therefore no longer to the family of alu-
mina, but to those of their bases. The affinity
between these minerals has the same ground as
the affinity between sulphate of magnesia and
sulphate of zine, or between sulphate of barytes
and sulphate of strontian.
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According to Ekeberg, the authomolite com-
tains.

Alumina........ 60°c0) contain € =982 10 6
Oxide of Zinc..24'2:§ oxygen sl | X Y2
Oxide of Iron.. 9°25 as protoxide g 1
I s o v sias 475 Qg 1

This mineral can be considered in various
ways. If we do not attend to the iron and the
silica, it would then be an alumias zincicus, in
which the alumina contains six times the oxygen
of the oxide of zinc, and which might be
coleured by silicias ferrosus.

On the other hand, it may again be composed
of a double aluminate of zine and iron, that is,
irialuminias ferroso-zincicus, so that the alumina
in all these single combinations contains three
times as much oxygen as the body with which it
is combined. In this case the composition is
FA*+27Z A° + A3 6.

Spinell from oker consists, according to my
analysis of it, of

Alumina.........7T2'2) contain § — 8393 E{E oF 35
Magnesia........14'63§ oxygen 536 6 |

Silica .,c.ceene.. 348 26t 3
Oxide of Iron,., 426 as protoxide (ViU |
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The alumina is here again evidently in the
same proportion to the magnesia as in the fore-
going to the oxide of zinc, notwithstanding that
the quantities of the oxide of iron and the silica
are not in the same relative proportion as there,
This circumstance furnishes another probability
in favour of the idea that these minerals are
true sealuminiates of oxide of zinc and magnesia,
to the constitution of which, oxide of iron and
silica perhaps belong only as mechanical mix-
tures, constituting a part of the structure of the

crystal. Future experiments must throw light
on this.

1st Order. Sulphates.

1st Species. Subsulphas aluminicus—Native
alumina from Halle, in Germany; from Sussex,
in England. In this fossil, the alumina contains

the same oxygen with the acid, and the crystal
water three times as much,

2d Species. Sulphas aluminico-kalicus—Na-
tive alum. Consists of three particles sulphate of

alumina for one particle sulphate of potash, and
24 particles water,

2d Order. Tluates.

1st Species, Sulfluas aluminicus—Babington’s
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wavellite. Davy’s analysis states its composition
to be alumina, water, and fluoric acid spar. The
proportion of the water to the alumina proves
that what Davy took for pure alumina also con-
tained fluoric acid.

2d Species. Fluas aluminico-natricus—Chry-
solite. Analysed by Klaproth and Vauquelin.

Soda..........86% = = - e - = 82
Alumina......240 ( 'E & I 21( 3 & 92
Fluoric Acid z = g &
. -
and Waterg AN E Alyis. 8

The difference in the results of the two ana-
lyses is perhaps a proof that neither of them is
perfectly correct. In the mean time they ap-
proach so near to each other, that we perceive
both bases must contain the same oxygen. That
the soda turns out less is owing to the extensive-
ness of the operation which is necessary to bring
it out, and which renders loss inevitable. In
the fluates the salt contains the same oxygen
with the base. Let us now assume that the salt
is composed of one particle neutral fluate of soda,
one particle fluate of alumina, and one particle
water, its numerical composition will then be,
according to calculation,



T F TR O CoR 40.00

Alumina ...........21%73

Fluoric Acid.. .....26'¢6) __ ag:
FREEEE St bt ll-mE 7 e

with which the analysis of Klaproth coincides,
so far as to constitute a good approximation, espe-
cially, as was before stated by me, when we consi-
der that the alumina in the analysis of most mine-
rals containing fluoric acid turns out always too

high from a small quantity of retained fluoric
acid.

3d Order. Fluo-siliciates.

This order is composed of the topaz family.
It is known that fluoric acid possesses the pro-
perty of uniting with boracic acid and silica, and
forming peculiar acid gases which may be
called acidum Uboracico-fluoricum, acidum silico-
fuoricum, and their combinations with bases,
fluo-borates, fluo-siliciates. The fluo-borates
have been described in a highly interesting
manner by Thenard and Gay-Lussac. Fluo-
siliciates however, though they are much more
remarkable, and though they have long been
known, have never been the subject of a similar
theoretical examination. Richter has long ago
described many fluo-siliciates, (Neue Gegen-
stande, St. iv. 58—76,) namely, those of potash,
soda, barytes, lime, and magnesia; and John
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Davy has lately with great accuracy examined
both acidum silico-fluoricum and Auo-silicias am-
monicus. He found that 100 parts of fluoric
acid combine with 159 parts of silica, and that
these 259 parts can combine with 84+83 parts of
ammonia, and from these data we can calculate
the quantities of every other basis which is ca-
pable of saturating this double acid.

However I must remark that after it has
formed a salt, this salt must be considered as
double, consisting of fluate and siliciate. Hence
it must happen that one particle of fluate may
be combined with 2, 3, 4, &c. particles of the
siliciate, in the same manner as one particle of
the fluate may be combined with 1, 2, 3, &c. par-
ticles of the bisiliciate, and also that a particle of
the subfluate may be combined with one or more
particles of the siliciate, with many other varia-
tions. 'The diversity which prevails in the ana-
Iytical results obtained in the topaz family, in-
duced me to calculate some of these possibilities,
and to arrange them in numbers for the purpose
of comparison with the analyses,

I have assumed as the ground of this cal-
culation, according to experiment, in so far as
its precision applies to the point, that the quan-
tities of fluoric acid, silica, and alumina, which
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contain equal quantities of oxygen, are to one
another = 100, 159, 163. In the following
formulae I have marked the fluoric acid with the

sign Fl.

Formule AF* 4+ A8, AFl + A48 AFl 4248,

Alumina, .. 3862 hd 4 5301
Silica..... . 3768 27" 2 3506
Fluoricacid 2370 16 ¢ 11-03
Formule AFl +3A8, AFl + 448, AFl+ 548,
Alomina, .. 5807 5255 52+9,
Silica.,.... 3880 40 30 492 44
Fluoricacid 813 7+15 B35
Formule AFl+648 2d4dFl + 48, 4% Fl + AS.
Alumina... 5247 47 6 6536
Silica...... 430 Tk 2126
Fluoric acid  4+33 ¥ 99- g 1938
Formule A*Fl+2 A8 A*Fl+8A48, A*Fl+448.
Alumina, .. 6003 5855 5709
Silica ..... 3000 3427 3110
Fluoricacid 9-o7 118 5481
Formule A Fl+ A8, A*Fl 4248, AHFL 4348
Alumina. .. 445 4710 5530
Silica...... 4240 45 5 4036
Fluoric acid 1324 T a 4+26

The reality of the two last formulee may per-
haps at first sight be doubted. But I am in-
duced to consider it highly probable that one par-
ticle of fluoric acid, bymeans of its very strong affi-
nity, may retain two particlesof aluminawith equal
if not stronger power than that with which two
particles of silica retain one particle of alumina.

We easily perceive that the differences between
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the numeral contents in these calculated com-
positions are so minute, that the manner in
which these minerals have hitherto been analysed
can determine nothing relative to their intimate
composition, or the formula to which they

belong.

The topaz family includes pyenite, stangen-
stein, schorlous beryl, pyrophysalite, precious
and common topaz. The following is the analy-
cal result :

E::h_nt!nm heryl. Pyrophyealite.
Buecholz. Yauquelin, Klaproth. Hizinger.
Mumima L 0 A8 520 49+ 5 5325
FL TR A R 34 36° s 45 o 32-a8
Fluoric acid,..oveee.s 17 5* 8 40 10700
Saxon. Biberian,  Yellow Brasilian. White Topar,
Klaprath. Yauguelin: Elaproth. ‘ra'n,r'uclinT
Aloming . oo simunireand: 49 148 47+ 5 47 | 50
T R R 85 29| 30 44+ 5 28 | 29
Fluoric acid ..ve0e0ce. 5 20 |18 T 171 19

Very few of these results coincide with any of
the calculated formulae ; but let any one com-
pare merely the analyses of Klaproth and Vau-
quelin of Saxon and yellow Brazilian topaz,
and he will immediately perceive that some hid-
den error must lurk at the bottom of these dif-
ferences. For example, Klaproth found that
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the Saxon topaz contained only five per cent.
fluoric acid, but that by a strong red heat, espe=
cially when assisted by the bellows, it lost as much
as 22 per cent. which is nearly twice as much as
ought to be the case if this five per cent. acid had
made its escape saturated with silica. In the
analysis of finbo-topaz, known by the name of
pyrophysalite, which was made by myself and
M. Hisinger, (Afhl i Fys. Kem. och Min. i.
114,) we remarked that when the alumina,
which after solution in caustic potash was pre-
cipitated by sal ammoniac, was gently heated to
redness, it went through no unusual change;
but that when it was exposed to a white heat in
the crucible, and the lid was suddenly taken off,
the mass emitted smoke, and the lid was always
attached to the crucible by a sublimate which
we found to be a salt of alumina soluble in
water, and probably neutral fluate of alumina;
119 parts of burned alumina, which had been
heated to redness,lost by this treatment nine parts
in a white heat. This seems to prove therefore
that so long as the fluoric acid is not separated
we always obtain a part of it, notwithstanding
the surplus of the alkaline precipitant in the
midst of the alumina, and that when it is gently
heated to redness the proportion of alumina
turns out too high, and when it is exposed to
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a stronger heat it turns outtoo low, and in all cases
inevitably inaccurate. It is therefore probable,
that when these analyses come to be repeated
with proper attention to the above circumstances,
their variations will be reduced to a very few
forms altogether single. Perhaps the precious
transparent topaz is always 4 £/ + 4 § and the
common, for example, the finbo-topaz, 4 Fl +
2 48.

4th Order. Siliciates.
1st Subdivision. Single Siliciates.
1st Genus. Silicias Aluminicus.

1st Species. Bisilicias Aluminicus.—A fossil
from Lallarfvet at Fahlun. Analysed by Walm-
stedt, Tentamen Chemicum, sistens Analysin
Fossilis recens reperti, Ups. 16 Oct. 1813.

Silica 59&{iE contain 3—29'1 2 5954

Alumina...... e 3200y oxygen 14's 1 316
Oxide of Tron...... 495
Oxide of Manganese 025
Oxide of Tin ...... 2+25

It cannot be questioned that none of the
oxides found in it belong to the chemical compo-

sition of the mineral; therefore we may consi-
deritas = 4 8=,
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9d Species. Silicias Aluminicus.—Nephelin,
Sommite. See the example alveady adduced of
single siliciates. Itis = 4 4.

3d Species. Subsilicias trialuminicus.— Col-
lyrite, Analysed by Klaproth, Beytr. i, 258.

BINEE oo div-Sase 14 63z 1 143

Water® . ..oovees, 42

Aluming. ... eness. .45 S i =910 5 455
oxygen

The mineral is therefore 42 § + Ag.

2d Subdivision.— Double Siliciates.
1st Genus. * Silicias aluminico-beryllicus.

1st Species. Bisilicias aluminicus with Qua-
drisilicias beryllicus—Beryl, Emerald. Analysed
by Klaproth, Beytr. iii. 226.

Beryl, Emerald.

Billta .o ossdss 6645 68 5) =2 3l79to 34%15 8 082
Alomina..... L1678 15750 22 4 — Te3a  T36 2 18,
Glucina . ...... 15350 12+50) 58 48  B97 1 18¢cs
Oxide of Iron. 060 1w

Lime . e 05

Oxide of S

ﬁhmmiumE 0

The silica seems here to be equally divided

# As the mineral is in powder, it contains, like all clay, a
quantity of moisture which is not chemically combined, buat
which is, at the same time, not at first separated in the analysis.

G
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between both the bases, and the decided inclina-
tion of the glucina to form supersalts prevails also
in this instance, as it takes, in relation to the
oxygen which it containg, twice as mgc’h silica as
alumina. In the analysis of the beryl the pro-
portion of the contents of silica to the bases
comes nearer than in the emerald, while on the
other hand the relative 'guantiiies of the bases in
the latter are more correct than in the former,
which gives too much glucina. The mineral is

therefore G §* + 2 A §%,

2d Species. Silicias aluminicus with Bisili-
cias beryllicus—Euclase. Analysis by Vauque-
lin, Hauy’s Traité de Mineralogie, ii. 532.

IR e 36 — 1728 4 8803
AImIng ;.. veiiideas 190 contain 837 ¢ 9040
GlusIna. . . v 150 oxygen 466 1 156
'} 1 S S . : 2362 5 2672

Oxide of Iron. cere 3

We see from this analysis that the bases in
this mineral are in the same proportion to each
other as in the preceding, and that the g]ucinﬁ
takes also here double of the silica in relation
to the same quantity of oxygen, that the alu-
mina does. The proportion of -ﬂx}'g{:‘n in
glucina will be found by the reader determined
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in Appendix V. This mineral is therefore
G§ 4248+ 5 Aq.

2d Genus. Stlicias aluminico-caicicus.

1st Species. Trisilicias aluminico-calcicus—
Mealy Zeolite. Analysed by Hisinger, Afh, i
Fys. Kem, och Min. iii. 415,

Silica vovrrnirnsnnnsn 800 = 2975 12 59y

IR b .15 6( contain T o8 150

Lime ........c0000.-. 8 0o oXxygen 22 1 8w

T R e ¢ 10714 4 1173

Oxide of Tron ........ i* s
This mineral is CS* + 8 4 8° 1+ 4 Aq.
2d Species.  Bisilicias aluminico-calcicus—

Laumonite. Analysed by Vogel, Journal de
Physique, 1810, 64,

Bilica ..ocvvvvveie. 490 = 24*42 10 480
Alomina.....conn.e. 22+ of contain 1027 ¢ 20+s
Lime...ccu.ciia.so 9 of oxygen 252 1 858
) e Sl S T 1T+ 5 1544 6 16,37

This mineralis C 8% 4+ 4 A4 S*® + 6 Ay.
8d Species. Silicias aluminico-calcicus—Co-

lumnar Scapolite. Analysed by Laugier, Jour-
nal de Physique, Ixviii, 36,

G2



K iomathh. o e 820 widnkain § B0:0oc 83
B S 17- 6) 9%yEen 492 1 1888

Soda, Potash.. 20
Oxide of Iron. ...

This mineral is therefore = C.S + 8 48, im~
pure from small quantities of alkaline siliciates.

4th Species. Silicias alwminicus with Trisi-
licias calcicus—Needle zeolite,  Analysed by
Vauquelin, Journal de Min. No. 44, 596.

Tl [ e S R | -7 =%00 8 47T
Alumina ............2950( centain 1834738 5 8l'®
L IF) ¢ | e e, SRR 946 oxygen 235 1 1058
WWOLEr .o o osbnaine - 10%0 §382 3. 1005

This mineral is therefore C S* 4+ 5 4 S +
8 Aq. Hisinger found in a shapeless zeolite
from Tandsla in Sodermanland, silica 51°5, alu-
mina 80, lime &, and water 5. It seems to be
the same mineral with only two particles water.

5th Species. Silicias aluminicus with Bisili-
cias-calcicus—Shapeless Zeolite from Borkhult.
Analysed by IHisinger, Afh. i. Kem. Fys. och
Min. iii. 309.

Aluming, [, 1 9d conain ST S 2003
Lime. : vousessssaditid] ¥s 420 1 1636

—————

Oxide of Iron ... U3
Lost by a red heat 3%

"This mineral is C S* + 8 A S.
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ad Genus. Silicias aluminico-bariticus.

1st Species. Bisilicias aluminico-bariticig—e
from Oberstein.

Cross-stone Harmotome
Analysed by Tassaert.

17 |1 T | L
Alumina ,.........19-5( contain
Barytes...........16° ol oxygen
Water:, ... o ieaud8e 50

— 9350 14 46°s0
O«17 & 2117

1+68
1191

1 1578
7 1340

This mineral is B §¢ 4+ 6 4 §* + 7 4q.

2d Species. Bisilicias aluminicus with gua-
drisilicias Dariticus—Cross-stone from Andreas-
berg. Analysed by Klaproth, Beytr. ii. 83.

Silic& LU R iii#ti4g

Alumind,. ... coens 16 { contain
Barytes........ ...18 ( oxygen
VBB o v s ot vn e vin 15

= 2430
752
129

13-03

12 ATe
4+ 1631
1 1862
7 1538

Thismineral is BS4+4 A4S? + 7 Aq. This ana-
lysis requires an accurate revision, notwithstand-
ing its complete coincidence with the formule,
because the differences are altogether so minute

that they may possibly have been errors of ex-
periment, and these two species have therefore
perhaps the same chemical combination.

4th Genus. Silicias aluminico-natricus.

1st Species. Silicias aluminicuswith Trisilicias



102

natricus—Mesotype. Analysed by Klaproth,
Beytr. v. 49.

Silica,..........48%0 =23 s 490
Alumina........242( contain 11sa s 2608
Soda..... oo..e. 16'50( oxygen 421 1 1577
Water ....ocves . 900 Tes 2 915

Oxide of Iron... 175

This mineral is N S3 + 8 4 S + 9 Aq.

2d Species.  Silicias  aluminico-natricus—
Electric Schorl. Analysed by Klaproth, Beytr.
v. 90.

Silich oo ceveveses 2350 : =2l w0 Ado7
Alumina . ....... 42:95 E';T;;:: lB::rs 9 4&: 13
T A e D00 ~ 30 1 S5

"This mineral is N*.S + 9 4 S.

&th Genus. Silicias aluminico-kalicus.

1st Species. Trisilicias  aluminico-kalicus—
Common Felspar. The most probable compo-
“sition of common felspar, so far as we can calcu-
late it from the many analyses of it which we
' possess, is, that the alumina bears the same pro-
portion to the potash as in alum, and that the
silica contains three times the oxygen of the
base. The following is therefore a comparison
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between the calculated and experimental results
of the composition of Felspar. Analysis by

Vangnelin, Klaproth. Rose, Eﬂ::ﬁ:‘_'i
Silica........ 64% 628+ 680 f 665§ 66w 12
Alumina .....20 17-02 150 1750 1761 " 3
Potash,......14 13:00 14+5 12-00 16113 1
Lime . ....c0 2 300 1+25
Protoxide ﬂfg o 0.75
¥Hou. .. ...

I am therefore disposed to believe that we
may with some degree of certainty consider
common felspar as K §°% + 3 A §°.

2d Species.  Trisilicias  kalico-aluminicus—
Lepedolite from Uton. Analysed by Hisinger,
Afh. i Fys. Kem, och Mineral. iii. 398.

Silica.csciava® u...-.ﬁl‘ﬁﬂ ¢ :ED'E‘D 21 6-3'5-9

a
Alumina............20'61( contain G2 g 1930
Fotash. .. .0a. -0 .. 9-16( oxygen 18 1 852
i o e S (T I'6s 1 1.69

Oxide of Manganese 050
Limeli--lr'i-i-lll-l-ﬂli 1--&0

# Adularia, Hauy's Traité de Mineral, ii. 592, K S4 44
A 822

+ Emerald-green Siberian felspar, Bull. de la Soc. Phil.
An, 7, No. 24, p. 185. \

1 From Drachenfels, Beytr, v, 18, K§43 4 4 §2?

§ Flesh-coloured felspar from Lemnitz,
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The oxygen of the silica is not fully 21 times
that of the potash, but the error in the propor-
tion of potash must be very trifling, because in
the calculation it is multiplied 21 times, so that

we may pretty confidently state this mineral
K § 4+ 648+ dg.

5th Species. Bisilicias aluminico-kalicus—
Leucite. If this mineral is K §°* + 3 4 §® its
composition will then be (Klaproth’s analysis,
Beytr. ii. 54.)

o L § SHE ¢ E
Fotasl . . 2900 maysen B41 1 209

which come ds near to one another as possible,
particularly when we observe that in almost all
single siliciates the proportion of silica comes
out too low, which either happens from a small
loss through the solubility of the earth in the
analysis, or from taking the proportion of
oxygen too low in the calculation of the compo-=
sition of the silica.

8d Subdivision. Triple and Complex Siliciates..

1st Genus.  Silicias aluminicus with Silicias
kalicus and Silicias ferricus. Prehnite family.
 §
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Ist Species. Foliated Prehnite from the Cape.
Analysed by Klaproth, Beol u. Entd. der Naturf
fr. z. Berlin.

17 1 TR U 40938 =196 13 4198
Ao 1303 | e | 18 3 203
Oxide of Iron.. 566 | °OXy&en 160 1 59
Water......... 16 T-62 ¢ %8s

This mineral is F 8 + $C8 + 94 + Aq.

2d Species. Radiated Prehnite. Analysed by
Laugier, Ann. du Mus. d’Hist. Nat. iii, 205.

Silica. . .......49s ] ]':E'Li} 22 41+
Alumina.......28s N 185 15 929

Lige ,.oivenien 204 E . 56 4 20
Oxide of Iron.. 80 j OX¥EeN 'i g i 30

Water . .occv... 20 { o -1

s

Alkali........ 075

This mineral s F§ + 6 C§ + lrﬁ.&fS-{-?}fg..

3d Species. Koupholite. Analysed by Vauque-
lin, Haiiy’s Traité de Min. iv. 873.

SilicR ....iceen.. 48 =999 f 4035
Alumina..........24( contain 11°% . 5 '23qg
A S B 23( oxygen bar 5 "2l:e
Oxide of Iron..... 4 le0 1 S

This mineral is F§ + 5 C8* 4+ 94 8.

®d Genus. Silicias aluminicus with Silicias
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- fya n . . sy
Serricus and Silicias kalicus (sometimes also Sili-
clas magnesicus). Mica family.

1st Species. Window Mica. Analysed by
Klaproth, Beytr. v. 69.

BALIOR . s idn Enininas 48-00 = 9800 16 4600
Alumina ...... can.34-25( contain 1600 12 3630
Potash....... 4. 8'15( oxygen 148 1 87
Oxideof Iron...... 450 157 1 463

This mineral is K S35 + FS§ + 12 4 S.

2d Species. Silver Mica from Zinnwalde.
Analysed by Klaproth, ibid.

1 i, S e T [ ] =925 g 4508
Alumina . .o eessess 20- o contain Q50 ¢ 2135
Potash............ 14- 5 oxygen 2-46 1 1460
Oxide of Iron.....—15" 3 465 % 1610

This mineral is K §2 + 2 F 8§ 4 4 AS.

8d Species. Black Siberian Mica. Analysed
by Klaproth, Beytr. v. 78.

s‘ﬂiﬂﬂ: LB LRI L A ] --42'“‘!} r : Er}'lﬁ I‘l 4] 'ﬁq
Benlid V0L D | o | 2
Oxide of Iron..... 9299 |. OXYBED 660 4 9248
Magnesia .....0v0000 9700 842 2 907

Thismineralis KS3 +2MS + 345 + 4 FS.

Future experiments must determine how far,
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from the magnesia which it contains, it may
constitute a peculiar genus or not,

It is not my intention to affirm that these
analyses of triple and complex siliciates, with the
formulee derived from them, may in all respects
be depended on; but I give .them merely as
an example of the manner in which the minerals
may probably be composed. The mineralogical
analysis is evidently not yet sufficent for the pre-
cise determination of these complex bodies,
when the proportionsin which they may be com-
bined are so numerous, and when we are unac-
quainted with the proportions in which they
principally endeavour to combine themselves.
We see, for example, that alumina combines
with potash for the most part in such a propor-
tion, that one part of the latter takes three of
the former, and that the potash occasionally
takes six and sometimes nine particles of alu-
mina; and when we investigate these examples
we find that the alumina is most frequently an
ingredient in the minerals at the rate of one,
three, six, nine, twelve, and fifteen particles,
which are multiples of three by two, three, four,
and five. Hence we have reasonto conjecture
that the alumina does not appear in any num-

ber, especially above six, which lies between
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these figures: this conjecture is no doubt
merely a probability, but as the means of stimu-
lating to investigation it is not without its worth.

I venture to indulge the hope that the publi-
cation of this Essay may possibly lead to a re-
vision of the prevailing system of mineralogy,
convinced as I am that this will give fresh life
and new properties to the mineral analysis, and
be the means of introducing the more general
adoption of a greater degree of precision than
has hitherto taken place, as the scientific advan-
tages resulting from the utmost degree of ac-
curacy have never yet sufficiently counter-
balanced the difficulties which it occasioned to

the mineralogical analyst.



APPENDIX 1.

GROUNDS OF THE CALCULATIONS.

"§'sE calculations which I have cited in the fores
going examples are founded on the determination
of the capacity of inflammable bodies for oxy-
gen, which I some time ago published in a
separate Lreatise printed in Dr. Thomson’s
Annals of Philosophy, 12th, 18th, and following
numbers.

This Treatise cannot yet be in the hands of
any Swedish reader, and [ shall therefore sum-
marily extract from it what has any relation to
the above Mineralogical Essay, and which may
be necessary to establish or refute the calcula-
tions of mineral analyses,

The cause of chemical proportions must con-
sist in some seemingly mechanical circumstance
relative to the elementary bodies in their solitary
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state, respecting which we must long, in all
probability, content ourselves with mere con-
jectures.

When we represent to ourselves the elements
in their original isolated state, we may consider
them either ;

1st, As solid lodies composed of infinitely
small particles in a state of concretion, which lie
near one another and ocupy a limited space.

2dly, As gases, consisting of parts which fly
to the greatest possible distance from each other,
and spread themselves out, as it were, equally at
their whole distance,

In the first casec we may lay down as incon-
trovertible, that when several elements are com-
bined into one compound body, this must hap-
pen in such a way that a small part or particle
of the one is combined with one, two, three, or
more whole particles of the other, whence we
are thus enabled to see a mechanical cause for
the multiple proportions,

In the latter case again, as the bodies are con-
sidered as gascs, we are taught by experience,
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that these are either combined in equal volumes,
or a volume of the one gas takes two, three, or
more volumes of the other. Hence it follows
that what in the one of these cases is called a
particle is called in the other a volume, and that
both, so far as respects the doctrine of the che-
mical proportions, are one and the same, so that
in this point of view it is altogether indifferent
which of them we follow.

In the foregoing instances I have designedly
adhered to the former assumption, notwithstand-
ing it gives rise to difficulties which cannot im-
mediately be solved or removed, because it coin-
cides best with our ordinary manner of seeing
and conceiving bodies and their composition,

The corpuscular theory, the appellation T shall
give to this mode of representation, admits no
penctration of bodies in chemical combination,
and it allows us to conjecture that their property
of attracting each other, and of being chemically
combined under a more or less perceptible igni-
tion, is derived from an electrical polarity in the
smallest parts, which in different bodies is of dif~
ferent strength, and by which the electrical
charge of the one pole has a strenger intensity
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than that of the other. Hence we perceive (a)
a probable cause for the excitation of electricity
throogh the contact of dissimilar bodies, ()
which leads us to infer that a body is electro-
positive, or electro-negative according as the one
or the other pole prevails, and that in like man-
aer it follows (v) that in case this speeulation is
well founded, chemical affinity and polarity of
particles are altogether one and the same. I
have endeavoured to give a greater extension to
these ideas in Nicholson’s Journal of Philosophy,
Chemistry, &c. vol. xxxiv. page 153,

The difficalties to which the corpuscular theory
is subject arvise principally from the circum-
stance, that there are bodies in which all the
circumstances at present seem to demonstrate
the existence of a half particle, of which however
we cannot admit the supposition. The same
difficulty applies to the construction in particles
of composite bodies, especially where the num-
ber of elementary particles is great. This diffi-
culty is less perceptible in unorganic nature, be-
cause every composite body is there constituted
in such a manner, that one of its ingredients
enters only as an ingredient in one particle, and
forms the unity or fundamental particle which in
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the case of great parts is effected by the most
electro-positive ingredients, round which we can
represent the others analysed in an order that
altogether depends on the electrical poles of the
fundamental particles. But in organic nature the
proportion is altogether different; particles of
three, four, and more elements, of which fre-
quently nene is unity, or the fundamental parti-
cle, are there joined in a compound particle, of
which the structure is not so easily conceived in a
probable and satisfactory way. Thus, for example,
tartaric acid consists of four particles carbon,
five particles hydrogen, and five particles oxygen;
mucous acid, of six particles carbon, ten par-
ticles hydrogen, and eight particles oxygen, &c.
However 1 must observe that difficulties are not
refutations, and what cannot be perceived by
one person, or at one period, may easily in
future investigation be discovered by another
person in an after period.

I call the representation of bodies in a gaseous
form the theory of volumes. It does not admit
of all these speculations, and, if I may be allow-
ed to say so, cuts off all farther investigation of
that nature, and confines itself within the pheno-
mena which may be proved by experience. I

H
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consider it @s a leading-string to keep us in the
way of truth while we are endeavouring in our
mvestigations to penetrate deeper into the se-
crets of the corpuscular theory.

As it has thus been established that the un-
organic bodies consist of one particle or volume
of an elementary body, combined with one or
more particles or volumes of another elemen-
tary body, it became naturally of the greatest
interest for chemistry to know how many par-
ticles of each element enter into composite
bodies. The solution of this question is dif-
ficult, and cannot at present be relied on for all
composite bodies. In combinations formed agree-
ably to the principle of the composition of unor-
ganic nature, we must for this purpose merely in-
vestigate the number of volumes of the oxygen
in the oxides, and when this hads been found, we
may easily calculate the number of particles
from the usual result of the analyses. In bodies
however which are formed agreeably to the prin-
ciple of the composition of organic nature, this
becomes infinitely more difficult, and requires
expedients and calculations for which, in a work
on the laws for the chemical proportions in or-
ganic nature, I have endeavoured to prepare the
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way, although that work does not apply to the
class of minerals which seem to be the remains
of former organised bodies.

T'o determine the weight of every particle of a
body, or, what is the same, of its proper weight
in the gaseous form, we compare it with that of
the oxygen which, according to what I have long
before said, is the universal measure in the doc-
trine of chemical proportions. In the treatise
from which this is an extract, I have stated all
the experiments on which the weights given are
grounded, and I have also endeavoured to de-
termine the boundaries within which the result
of the analyses may be probably incorrect, from
whence the minima and maxima are deduced in
the following table. That such are not found
for the most bodies is not because their weight
is so absolutely sure, but because I required
more experiments respecting them, from which
alone I could give a result.

I have also stated the grounds on which I
have ventured to deduce the number of parti-
cles of the oxygen in most oxides, but it would
lead me too far to give an extract from it in this
place.
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In the following table, the first column ex-
presses the name of the body; the second the
chemical sign, the third the weight of every
particle, or the proper weight of the body
in the gaseous form compared with that of the
oxygen as unity. The fourth and fifth show
the minima and maxima when the experiment
was performed which gave occasion to them.
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TABLE 1.

Name, Sign. | Weight. Minimum. 'Jhtaximum
Oxygenium ........00.. 0. | 100 —_— —
Sulphuricum ........... §. 201 200- 210
Phosphoricum..........[] P. | 167-512| 167-3 —
Muriaticum . ......cc00. M. 139-56 = 1527
Fluorieum,.... ke F, 60" 30- —_
Boracicum:, ... .... sons B. 1327 i s
Carbonicum,...........| C. 7491 786 55
R TN s e e s N. 79-54 155 e
Hydrogenium.......... H, 6-636 - 768
Arsenicum ...suvveve...| As. | 8399 Pas 852:2
Molybdenem..........| Ms. | 601°56 — —
Chromium .....qecesrus Ch, | 70805 —= —
Wolframium ( Tungsten) | WV, | 2424-24 — w——
1 LT T LR R S s Te. | 806-48 e 818
Stibium. . ..oeeaens cesea] SO, | 1613 — —_
Y (v 715 R Ta. — — —
Titanium.. .. ... ssssesel Ti. 11801 3 -— —
] e ) R S Si, | 304-85% | 2029 —_
Zirconium, .. ccbeess B | — — -
E )] e o BN S ] - 5 - —_ —
Tldine 2o todi il —— — —_—
MO .. . o oo mas em okt R. | 14903 — —
PIALHINN . o ¢ 54 0 0 650 smns Pt, | 12067 — —_—
FLRTTy 1] 11 et A f Sty Yo e L | Au, | 2483-8 —_ 2500,
Palladiom ...vcoesseaes P, | 1418 — —
Hydrargyrum,.........| Hd.|2531'6 9503-1 25561
Argentum,,...ccoovven Ag.| 268517 — —
Cuprum ...... e S Cu, | 80645 500+ —
Niccolumt,.c.cacsnnnnes Ni, | 7338 — _—
Cobaltum .....coonzan=- Co. | T32:Gl — —_—
Bismothum.. .cevreeee-..} Bi. | 174" — —
BPlombDuim. .. ce e snn e Pb, | 25974 —_ 2620-2
SUANDUN, o e e sonseosssas.] S0 | 14T0°59 == ——

* In the Table formerly published by me, 1 calculated the
contents of the oxygen of the silica at 48 per cent., agreeably

to my direct experiment on siliciated iron,

1 have here cal-

culated it according to the data formerly laid down by me, on
the supposition that it contains three volumes of oxygen,
which seems to follow from the composition of most siliciates.
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TABLE I.—continued.

r— —

Name, Sign. | Weight. Minimuam. !Mauimnrm
o T T RN | Fe. | 69564 i = .
L e e R Zn, | 80645 e aam
Manganivm............ Ma.; T11°51 L =
TR -+ s i e o U. {31414+ Ak ey
Cerinm..... Ao I hos, Ce, | 11488 e b
G LE L) PR R S Y. 58166 et S
Beryllium (Glucinum) ., .| Be. | 683°3 + | 6633 [t
Aluminiom ,......n0u- Al | 345 — | 228,
MAgnesium . oy oo vobion e Ms.| 31546 30163 | 32193
Caleiaml L. e hen kil | BYIORD =X —
Strontium ...eevpeneea.) 8. | 141814 — _—
Barytiom...., ..., oo v es| Ba. | 17091 = —
T ] R Sl Na. ' 57952 —= —
POtasBilm . o+ s c0 e sas K. 9750 R .

# Uraninm, since the formation of my first Table, has been
investizated by M, Schoiiberg. (See his Diss, de Conjunctione
Chemic. ejnsque Rationibus, Ups. Oct, 16, 1813, p. 18—24.)
As 1 bad opportunities of witnessing the accuracy with which
M. Schoiiberg carried an his experiments, I consider them as
entitled to be somewhat depended on, He found that 100
parts muriate of urgnium consist of

¢ e e T L S 1L
Protoxide......oq000....9508 . 4893
Hence it follows that this protoxide consists of
LIramom i -y -conrss 94 100000
CIEYEEN, (i ot i s s (] 6°373

He farther found that 100 parts yellow oxide lost, when
heated to redness, from 2°T to 29 per cent of weight, and re-
mained protoxide; whence it follows that the metal takes
precisely one and a half times the quantity of the oxygen
which is in the protoxide, and consists of

RARRTIRRIO s o i v 012  100.00
OV REN s ol miminneinn ok IR 456
And mnst contain three volumes of oxygen,

+ The contents of oxygen in glucina are determined in
Appendix ¥,
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APPENDIX II.

———

TABLE 1I.

‘Showing the Number of Particles of the Oxygen in
the Oxides hitherto known, taking the Radicals
as a Particle.

*Acidam Sulphuricum, ..... 8 Acidum Molybdosum . .....2
Saulpharosom. ..... 2  Oxidom Molybdicum,...... I
Phosphoricum ....2  Acidum Chromicum ....... &

Muriaticam .. ..... Oxidum Chromicum....... 4

Superoxide Muriatosum,.. Chromesum ..,...3

Acidum Wolframicam.....6

— - Muriaticum E
(Davy’s Euchlorine)
Acidum Oxymuriaticom ...

Oxidum Wolframicom .....4
Acidom Stibicum, ......... 6

Nitricom ........ Stibiosum ,........4

Nitrosum. ........ 4 Oxidam Stibicum.. ..... .3

Oxidum Nitrieum,....,...3 Telluricum, ....... 2
Nitrosem,........ 2 Bilicia . .evanss o s Y 2 i
Suboxidum Nitricam...... 1  Oxidem Rhbodicum....... 3
Acidum Fluoricam ........ 2 Rhodeum.........2
Boracicum........ 2 Rhodosam .. .,....1

e Carbonicum,....... 2 Platinicam ,......2

" Suboxidum Carbonicum .. .1 Platinosom .. .....1

R s s < e &
Acidum Arsenicum........0

AUricum . ... e.::3

Aurenm ... oe000:2

RRRRENY

Arsenicosum, .. .,. 4 Aurosum .....eee. 1
Oxidum Arsenicom, ... ....3 Palladicum....... 2
Acidum Molybdicum,..... 3 Argenticom ,.,...2
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s

TABLE I1.—continued.

Oxidum Hydrargyricum...

2
Hydrargyrosum.. .1
Cupricum .......2
1
3

Cnprosuam........
Superoxidun Niccolicum..

Oxidum Niccolicam....... 2
Superoxidum Cobalticum. .3
Oxidum Cobalticum....... 2

Bismuthicum,..... 2

Superoxidum Plumbicum . .4
Plumbosum, .3
Oxidom Plumbieum .. ..... 2
Stapnicum........4

Stanneum........ 3
Stanposum. ....... 2
Ferricum ........5
Ferrosum.........2
Zincicum,........ 2
Superoxidum Manganicum 4

Oxidum Manganicum .,....3
Manganosum ,... 2
Subexidum Manganicum,. .l
Oxidum Uranicum ........3

2

Uranosum...... L
Oxidum Cericam,. ...... i

Cerrosum., ..o .2
" v | | P A T S 2
Beryllia (Glucina) ..ovuuse 3
Alumina. ....... a1 3
Magnesia...ooo0ecuenssns 2
Calenrin, ..o issssne e 2
18 U {7 AR e A S 2
Baria . 2
Superoxidum Natricum....3
INBITIIE oy e e, R 2
Superoxidum Kalicum ....6
o ST Y-

With the assistance of this and the former
Table, the numerical composition of every one
of these oxides may be calculated. Suppose we
want to calculate the composition of oxide of
gold, (oxidum auricum:) in the first Table we
find that a particle of gold weighs 2483°8, and a
particle of oxygen 100; and from the second
Table, that the oxide of gold consists of 24838
gold + 800 parts oxygen; consequently a par-
ticle of the oxide of gold must weigh 2783°8.
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But as 2785'8 : 300 = 100: 10*78, consequently
the oxide of gold contains 1078 per cent. of
oxygen. Or, if we say 2483'8:300 = 100:
12:077, we find that 100 parts gold take 12:077
parts oxygen.

In this manner the reader will find in these
Tables data for calculating all the mineral
bodies hitherto known, except combinations of
tantalum, zircon, osmium, iridium, and I may
add titanium, the volume of which I endea-
voured to calculate according to an experiment,
of a very unsatisfactory nature certainly, by
Richter with muriate of titanium. (See his Neue
Gegenstinde, x. 121, et seq.)



APPENDIX III.

OF THE CHEMICAL SIGNS.

In the foregoing Treatise I have used two
kinds of signs which I called chemical and mi-
neralogical : the latter I have already sufficiently
described. I shall now say a few words respect-
ing the former.

In order to express without a multitude of
words the composition of a body with respect to
the chemical proportions, I avail myself of for-
mula in which each body is denoted by the letter
which is placed opposite it in Table I,

The rule for the formation of this sign is as
follows: select the initial letter of the Latin
name of the body; but if the name of more
than one body should begin with the same letter,
and one of these bodies should belong to the
class of metalloids, then the letter is used without
addition for this. Tor the metals we add the
next letter ; or should it be common, then we
add in its place the first consonant which is not

[
B
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common to both names. For example, C =
Carbonicum, Cu = Cuprum, Ce¢ = Cobaltum,
J'= Su]ph'tirium, 84 = Stibium, §» = Stan-
num, &c.

A figure to the left of the sign shows how
many particles of the body is wished to be
expressed; for example, § -+ 3 O, sulphuric
acid; Fe + 4 §, common iron pyrites. When
we wish to express a composite body as a par-
ticle, we then place the figure which expresses
the number of particles which it contains of
either element to the right of this sign, like an
algebraical exponent ; as, for example, in § 02 +
Cu O = sulphate of copper. A figure to the
left of the composite particle multiplics the
whole, and the contents; that is, multiplies all
the bodies within the same plus sign: for ex~
ample, 2 § O° 4- Cu O® = persulphate of cop-
per; the number 2 denotes that the acid in
the salt contains not only two particles of sul-
phur but six particles of oxygen, &ec.

In expressing more compound bodies, it
answers best to exclude the sign of the oxygen,
and by points above the radical to denote that it
is an oxide, and how many volumes of oxygen it
contains, But from this we must except the
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oxides which may contain two volumes radical
for one volume oxygen; for cxample, water,
where we must add the sign of the oxygen.
Thus for example,” we place for 28 O* + Cu
02, S° Cu, by which the formula is shortened,
a circumstance of great importance in double
salts. The composition of alum for example
may be e::;_pr_?jssed in the following manner:
ceive that this salt in its crystallized state con-
tains not less than 68 particles oxygen for one

particle potash, &c.

I cannot however yet affirm that these for-
mulee supply the place of the mineralogical, be-
cause our knowledge of the number of particles
of oxygen in many oxides cannot be considered
as certain, and it is therefore a strong advantage
in favour of the mineralogical formulee that they
may be used without this circumstance.
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APPENDIX 1IV.

OXIDUM FERROSO-FERRICUM,

Ix the foregoing Essay I have endeavoured to
draw the reader’s attention to the different states
of saturation with oxygen observable in the mi-
neral kingdom in iron, and in mentioning refrac-
tory iron ore, I have stated that, agreeably to
my experiment, it consists of oxidum ferroso-
ferricum. I shall here state this experiment,
together with some observations which may be
of utility in mineral analysis.

Proust first remarked that iron ores, which are
usually considered to be protoxide, contain a
portion of oxide of iron by no means inconsider-
able; and he showed that common Prussian-blue
contains both protoxide and peroxide in the
form of two distinct bases. As Proust only ex-
pressed himself respecting iron ores incidentally,
his idea was either not noticed or not received,
particularly as there was no reason to suppose
any chemical combination between two different
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degrees of saturation with oxygen of the same
radical.

From a phenomenon which took place in my
first experiments respecting the chemical propor-
tions, particularly my labours with iron, 1 was
Ied to conclude that such combinations must oc-
casionally exist, and I expressed a conjecture
that, as the white precipitate obtained from the
salts of protoxide of iron with caustic alkali be-
comes blue in the air, this blue oxide must con-
tain a combination of peroxide and protoxide,
and that an increasing quantity of oxide was
the cause of the green colour which the precipi-
tate takes before it becomes completely yellow
in the air,

Some time afterwards Gay-Lussac (in Annales
de Chimie, Nov. 1811) published that he had
discovered a new degree of oxidation in iren,
which, according to his account, could be ob-
tained when the steam of water was passed over
red hot iron, or when iron was heated in an
open fire. According to Gay-lLussac’s analysis
it ought to contain 27'41 per cent. oxygen, or
87'8 parts oxygen for 100 parts iron. He adds
that this oxide possesses the property of forming
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peculiar salts, and that it is found produced by
nature in Swedish iron ore,

That such a degree of oxidation cannot exist
we already know from the doctrine of chemical
proportions, (which neither M. Gay-Lussac nor
his proselytes ever dreamed of, though we have
to thank him for one of the most important
discoveries connected with this doctrine.) 1
have already shown in another place, that what
Gay-Lussac considered as salts of this new oxide
were nothing but double salts of peroxide and
protoxide, resembling Prussian-blue, and that
these oxides can alone be distinguished from all
other bases which have a stronger affinity to the
acid than the oxide, but weaker than the pro-
toxide.

That M. Gay Lussac was mistaken in his
conjecture that the oxide which is formed when
iron in a heated state is oxydized at the expense
of steam, without the assistance of atmospheric
air, was a new oxide, we may be convinced from
the admirable experiment of Bucholz, (Journal
fiir die Physique, Chemie, und Mineralogie, pub-
lished by Gehlen, 8 B. 710,) in which 100 parts
of the oxide produced in this manner, oxydized
by means of nitric acid, gave in three different
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trials 110 parts red oxide; which is a proof that_
it must have been absolute protoxide free from
peroxide. My experiments have coincided in
every respect with that of Bucholz, and I have
besides found that if oxide of iron is put into a
glass tube, and this is heated, and afterwards a
stream of hydrogen gas is conducted into it, the
oxide of iron is reduced not to the conjectured
oxide of Gay-Lussac, but first to protoxide, and
afterwards, 1if the experiment is longer con-
tinued, to metal, which in this manner we can
obtain in an absolutely pure state as well as in
its finest mechanical division.

There remained now the important question :
as our iron ores are magnetic, they evidently
contain both protoxide and peroxide; in what
condition is the latter found in them, and in
what quantity ? '

1. A pure magnctic iron ore (from Slog-
bergskolen and Norra drawn in Grangesfillet,)
was pulverised thoroughly, and the earth sepa-
rated from it. The heavier powder of iron ore
was again pounded to an exceeding fine powder
in a porphyry vessel, afterwards mixed with water
and the iron powder drawn from the water by
a magnet, and as it was taken up it was again
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put into pure water, and shaken about in it
to separate every possible particle of adhering
earth, and this was repeated again in fresh water
till it ceased to be in any wise troubled by it. The
iron ore obtained in this manner was dried and
freed from all moisture. As the iron ores in
this place frequently contain phosphate of iron,
a portion of the ore was digested with diluted
nitric acid, which was afterwards evaporated
till it became dry, and yielded only a little
oxide of iron without any symptom of phosphate
of iron.

Five grammes of this iron ore, dried in a heat
sufficent to fuse tin, were dissolved in concen-
trated muriatic acid, after which it was mixed
with nitric acid, and allowed to boil for some
time: in the beginning it yielded a little nitrous
gas with ebullition. The solution was strained,
and it left on the filter a grayish powder, which,
after being heated to redness, weighed 0121
grammes, It was a substance quite foreign to
the constituents of the iron ore.

The strained solution was precipitated by
caustic ammonia in sufficient abundance, and
digested in it; the oxide was separated by the
filter, well washed, dried and heated to redness,

I



130

when it weighed 5'061 grammes. It was in the
slightest degree attracted by the magnet.

The boiling liquid precipitated by the ammo-
nia, when saturated with caustic potash, gave no
precipitate. The oxide of iron, on an accurate
inspection, was found to be completely free from
manganese,

When we deduct from five grammes of iron
ore employed 0°121 of foreign matter, there re-
mains 4879 of pure iron ore, which afterwards
takes 0'181 grammes oxygen to form 5061
grammes of oxide of iron, These 5061 gram-
mes of oxide of iron contain 3506 grammes of
metallic iron. By an easy calculation we thus
find that in the ore examined, there was

T Tlas 10000 69364
Oxygen ...... 2894 39716 2716

Now this number is not in any wise the mul-
tiple corresponding to the quantity of oxygen
the iron takes in its remaining degrees of oxida-
tion; for if we do not wish to suppose that the
protoxide of iron contained four particles and
the oxide six particles of oxygen, so that this
medium degree would contain five particles of it,
(which however is a multiple hitherto unknown
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for all bodies,) then the 100 parts iron must have
been combined with 8575 parts oxygen, and
not with 89.16 parts. Hence this iron ore must
be a combination of the two oxides,

The most simple proportion in which these
two oxides can be supposed combined is that
where the peroxide contains thrice the oxygen
and twice the iron of the protoxide, In such a
combination the composition is

which therefore conincides as nearly with the
proportion found as we can expect in any ex-
periment. The iron ore itself thus consists of
almost precisely 69 parts red oxide and 31 parts
protoxide.

2. Magnetic iron ore (from Mohrgrufvan at
Riddarhuttan) was examined in like manner and
with similar precautions, as those mentioned
above.

Five grammes of this ore left 0119 grammes
earth, and exceeded 5°069 grammes of oxide, on
which the magnet had not the smallest effect, and
according to the preceding calculation it gave

12
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592 parts oXygen for 100 parts of iron ; wherice
it ﬁ:.-llﬂws that this magnet was absolutely the
same combination of peroxide and protoxide
with the foregoing ore.

We must not, however, suppose that these two
oxides always appear in the mineral kingdom
combined in the same proportion, ‘especially as
they are to be met with in the form of salts like
arseniates, phosphates, siliciates, &c. bécause we
possess examples that they can exist in salts in
various proportions; for example, in Prussias
Jerroso-ferricus, (Prussian-blue,) and in Subprus-
sias ferroso-ferricus, (subprussiate of irof,) in
which the proportion of peroxide of iron to the
protoxide is not the same. 'We must therefore
never assume oxidum_ferroso-ferricum as a deter-
minate basis, but must always endeavour to de-
termine the quantity of the protoxide, especially
as it may occasionally happen that the latter
constitutes the unity or fundamental particle of
the mineral, which we in vain seek for among
the other ingredients.

Unfortunately howevér this détérmination is
so extremely difficult that at present we are
compelled to cohsider it as altogether impos-
sible. It will not perhaps be possible to effect it
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till the analyses are brought to such a degree of
perfection, that what cannot be solved by direct
experiments may sometimes be sufficiently deter-
mined by calculation.

In the course of my experiments respecting
chemical proportions, I imagined I found that
a great number of oxides of the same radical
which are to cach other in the proportion of
oxygen that they contain = 1: 12, possess the
property of combining, while I know no exam-
ples of any combinations between oxides in
which the oxygen is = 1:2. Thus, for example,
the nitric acid enters into combination with
nitrous acid, peroxide of cobalt with the oxide
of cobalt, (Proust’s and Thenard’s green oxide of
cobalt,) peroxide of uranium with the protoxide
of uranium, &c. According to all appearance,
the red oxide of manganese, which gives an
amethyst colour to many minerals, is a similar
combination of peroxide and protoxide, an
oxidum manganoso manganicum.

It is certain that it is of the utmost import-
ance to mineralogy, that the few cases of this
nature should be completely ascertained.



APPENDIX V.

ANALYSIS OF GLUCINA.

Pure Glucina was dissolved in sulphuric acid
in excess. 'The salt was evaporated till the acid
began to be expelled, after which it was freed
from the adhering acid by washing it with
alcohol. The sulphate of glucina obtained in
this manner was dissolved in water, and was
precipitated first by carbonate of ammonia,
with which it was digested so long as the am-
monia continued to fly off. The solution was
filtered, and the earth well purified and heated
to redness. It weighed 0558 gramme. The
liquid from which it had been precipitated was
treated with muriate of barytes. It gave pre-
cisely five grammes of sulphate of barytes, cor-
responding to 1°72 grammes of sulphuric acid.
This salt consisted therefore of

Sulphuric acid........T5 67 100700
Glucina.. ............24153 328

As many circumstances induced me to consi-
der it as an acidulous salt, I mixed a concen-
trated solution of it with carbonate of glucina
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free from ammonia, and digested them together ;
by this means I obtained at top a gum-like so-
lution and the carbonate was decomposed, form-
ing, while the water was boiling hot, an insolu-
ble mass viscid and soft, but when the tempera-
ture was lower it became hard, transparent, and
brittle. In its appearance it resembled gum,
and when I endeavoured to dissolve it, the whole
was decomposed into a soluble and an insoluble

salt,

The gummy-like liquid was divided into two
portions ; («) the one was mixed with pure water
as long as any precipitate appeared, after which
the solution was filtered, and what came through
was first decomposed by carbonate of ammonia,
and afterwards by muriate of barytes. It gave
1:001 grammes glucina, and 4°549 grammes sul-
phate of barytes corresponding to 1°56 grammes
of sulphuric acid. Hence this salt consisted of

Sulphuric acid........., 60926  100°
5 1 el i 39-07¢ 641

or the acid was combined in it with twice as
much basis as in the preceding.

(8) The portion of the salt not mixed with
water was heated over a spirit lamp till it be-
came dry, when it resembled exactly alum, or
sulphate of alumina when deprived of its water
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of crystallization, and it left a spongy, bulky,
and shining mass. After it gave out no more
water over the flame of a spirit lamp, it was ex~
posed to a red heat in a wind furnace as long as
it lost any part of its weight, 25 grammes of
this salt left 1'24 grammes earth: hence the
salt consisted of

Sulphuric acid........ .. 50 4« 100
Gliclda ... ... . connae 496 984

or the acid in it was combined with three times
as much basis as in the first analysed salt.

As no subsulphate can exist in which the acid is
combined with twice asmuch basisasinthe neutral
salt with the same basis, it is clear that the first
of these salts is an acid salt, the second neutral,
and the third a subsalt; but in such a manner
that the acid in it contains twice the oxygen of
the base, which is the first example that has
hitherto been found of such a salt, and presup-
poses either that the sulphuric acid, like mitric
acid, arsenic acid, and chromic acid must con=
tain six volumes of oxygen, in place of three,
the number hitherto adopted, or that the glu-
cina contains three volumes oxygen, which latter
is also probable from other circumistances.

The subsalt which fis precipitated when the
last mamed substance is decomposed with water
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gives, when heated to redness, 53'2 per cent.
earth, and emits first water and afterwards sul-
phuric acid. From an accident the heat in my
analytical experiment in this case came to be
too high, so that the acid escaped with the
water. I have not since had an opportunity of
preparing a fresh quantity of this subsalt: but
the earth which remained coincides in quantity
with what it ought to be if this salt resembles
the usual subsulphates, in which the acid, the
base, and the water of crystallization contain
an equal quantity of oxygen. Such a salt con-
sists of

GIHCEnﬂ'  # F S FES SRS SR e }*{53"‘4
Sulpharic Acid.c..conis sismnais 2811
by e S e e e 1875

If therefore 100 parts sulphuric acid neu-
tralise 641 parts Glucina, this must contain
19796 parts oxygen, and the ecanth would thus
be composed of

GlOCTTA . civsvivomnnncens 0898 100
QXyEellys o csivivanesnn o 317186 45°0e

That I might not altogether depend on the
analysis of sulphates, I dissolved glucina in
muriatic acid. It gave a crystallizable salt with
excess of acid; but when the acid was expelled,
and the subsalt began to be formed, it yielded
only a gummy like mass. This was dissolved
in water, filtrated from the subsalt, and preci-
pitated first by carbonate of ammonia, and after-
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wards by nitrate of silver. I obtained 0'626
gramme glucina, with 3°892 grammes of mu-
riate of silver, corresponding to 0'6465 gramme
muriatic aeid; the salt therefore consisted of

Muriatic Acid . .oivaioans., Blrass  100°
GIRCIIAY, iR e vt e B 49-135 966

But if 966 glucina contain 29+454 parts oxygen,
then 100 parts earth contain 80°5 parts oxygen,
which accordingly approaches very nearly to
what we have above stated.

With respect to the number of volumes of
oxygen, it appears that the glucina contains
three. I ground this conjecture on this, that
both sulphuric acid and alumina, which seem to
contain three volumes of oxygen, combine with
glucina in such proportion, that they hold twice
the oxygen of the latter, a circumstance that
would not take place if it held twice or four
times the oxygen. The volume of glucina weighs
therefore at the minimum 681°3, (according to
the experiment on the muriate,) or at the max-
imum 68363, (according to the analysis of the
sulphate.) It is not so easy to determine which
of these numbers is the most accurate,

THE END.
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