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AN

ANALYSIS, &e.

Read before the ROYAL SOCIETY April 14, 1796.

§ L.

T celebrated ScrrrLr, in 1778, read before the Academy
of Sciences at Stockholm an essay, in which he proved, by a
series of ingenious experiments, that the mineral called Mo-
lybdena was composed of sulphur, and a peculiar metallic sub-
stance, which, like arsenic and tungsten, was liable by super-
oxygenation to be converted into a metallic acid, which in its
properties differed from any other that had been previously
discovered.®

The experiments of M. PELLETIERf Mr. IsLmany,}
and Mr. HieLm,§ confirmed the discovery of the Swedish
chemist ; but the existence of this metallic substance was only
known to be in that mineral which ScueeLE had examined, as
no vestige of it had as yet been discovered in other bodies ap-

* ScHeene’s Essays, translated by Dr. Beppoes, p. 227.
+ JFourn. de Pbysique, Decembre, 1785,
T Chemische Annalen von Crerv, 1787, et Journ. de Physiqgue, Oclobre, 1788.
§ Journ.de Pbysique, Mai, 178g.
B
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pertaining to the mineral kingdom. Mr. Jacouin, in 1781
and 1786, gave to the public an account, from the Abbé Wu L-
FEN, of a yellow sparry lead ore, found at Villach in Carinthia ;¥
and the Abbé WuLrreN himself, in an elaborate work, written
in the German language, and published in 178, also described
the abovementioned lead ore, together with scme experiments
which had been made on it}

Nothing satisfactory, however, relative to its nature was ex-
posed in these memoirs ; and although the substance was in-
disputably proved to be an ore of lead, yet the mineralizing
principle of it remained unknown.

In 1790, Mr. HEYER, of Brunswick, made some experiments
on this ore, from which he inferred that it was composed of
lead, combined with the tungstic acid;} and in the same year
Mr. KLaPRoTH communicated to Dr. CRELL 2 similar ac-
count, which he had received from Mr. SALzZWEDEL, of Frank-
fort sur Mayne.§ :

This substance was therefore universally believed to be a
tungstate of lead, till that excellent chemist Mr. KLaAPrROTH
undertook to subject it to a farther examination; and as the
experiments which I have made may be regarded as a conti-
nuation of those made by Mr. KrarroTw, I think it necessary

here to mention them.

# Nicovar JoserHt Jacquin Miscellanea Austriaca, Tom. IL. p. 1395 et N. J.
Jacquin Collectanea, Tom. L. p. 3.

This ore is also described in Lifthopbyl. Bornianum, 'Tom. I. p. go; ef Tom. IL.
p. 123.—KarsTen in Mus. Lesk. Tom. I[. p. so1.—Werner's Ferzeich. Band, I.
p. 128.—Raan’s Catal. Tome II. p. 379.~Rome de I'Isle Cristal. Tome III, p.
187 —Winexmann’s Handbuch der Mineralogie, p. 804.

+ Xavier Wuvrrens dbbandlung vom Kirntbnerischen Bleyspate, Wien, 1785.

1 Chemische Annalen von CreELL, l?gnn—, p-58.

§ Ibid. 1790, p. 297.
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Mr. KLAPROTH says, that by previous experiments he had
found, that nitric acid much diluted did not attack the ore
when cold ; and therefore to separate it from the soluble ma-
trix, he successively poured small quantities of the diluted acid °
on the ore till all effervescence had ceased, after which the ore
was washed and dried. The nitric acid which had been em-
ployed was found to contain calcareous earth, and also a con-
siderable quantity of red oxyde of iron, which upon being dis~
solved in sulphuric acid, left a residuum of lead and siliceous
earth.*

Two drachms of the purified ore were mixed with an equal
quantity of pot-ash, and afierwards exposed to the fire in a
crucible. The mixture melted without intumescence. When
cold, the mass was of a reddish colour, and the surface was
covered with small scales. Water was poured on it, and the.
solution was saturated with nitric acid. The following day,
the bottom of the glass was found covered with projecting
crystals, about a quarter of an inch in length : these crystals
were formed of small glittering rhomboidal plates, heaped one
on the other. Their flavour was rather metallic. They
quickly melted with the blow-pipe, on charcoal, without any
_ increase of bulk, and became small round drops, which were
immediately absorbed by the charcoal. When melted by the
blow-pipe in a silver spoon, they appeared as small grains, of
a greyish colour, which became streaked in cooling, and de-
posited a white powder during the operation.

When the phosphate of ammoniac and soda was melted, and
some of thesc crystals were added, they speedily dissolved,

* Analyse Chimigue du Plomb Spatbique jaune de Carinthie. Annales de Caimie,

1791, pag. 103.
' Be
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and communicated to the salt a green colour, more or less-
deep according to the quantity employed.

They completely dissolved in distilled water, when heated.

Prussiate of pot-ash with this solution produced a reddish-
brown precipitate, not very dark.

When some drops of muriatic acid were mixed with the so-
lution of these crystals in water, and a small piece of tin was
added, the liquor became of a deep blue.

The solution of muriate of tin poured on the crystals pro-
duced the same effect.

Mr. KrarroTH from these experiments concludes, that the
crystals are the acidulous molybdate of pot-ash, especially as
the crystals obtained from the filtrated solution of the molyb-
daena of Altenberg, detonated with nitre, and saturated with
nitric acid, have the same properties.

As in the above experiment the ore did not appear to have
been completely decomposed, Mr. KLaprRoTH mixed two
drachms of the purified ore with ten of carbonate of pot-ash,
melted the whole in a crucible, and reduced it to powder, and
dissolved it in water.

The solution was filtrated, partially saturated with muriatic
acid, and heated. A white precipitate fell, resembling curdled
milk, which consisted of molybdic acid, and a still larger
quantity of oxyde of lead. When dissolved in muriatic acid,
the lead was precipitated in the state of muriate of lead.

This precipitate being separated by a filter from the alka-
line solution partially saturated with muriatic acid, the solu-
tion was then completely saturated with the same acid, and
again became slightly turbid, and deposited a white precipi-
tate, which resembled starch in cold water., This precipitate,
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after it had been washed and dried, was subjected to the same
experiments as the abovementioned crystals, and exhibited the
same properties, excepting that it did not dissolve in distilled
water till some drops of muriatic acid were added.

‘When thl?ifIl solution was evaporated in a glass bason, the rest
_-of the oxyde of molybdana was deposited in the form of a
heavy citron-coloured powder.

The white oxyde of lead on the filter through which the so-
lution of the alkaline mass had passed, was found to be mixed
with siliceous earth. When melted on charcoal, it did not
entirely assume the metallic form, but a part changed into a
small grain of transparent yellowish vitrified oxyde of lead.
Mr. KLaproTH-0bserves, that in this experiment the presence
of the siliceous earth prevented the complete reduction of the
lead, in the same manner as when glass of lead, composed of
three parts of oxyde of lead and one of siliceous earth, is melted
upon charcoal. He therefore dissolved this oxyde in weak ni-
tric acid, separated the siliceous earth by a filter, and precipi-
tated the lead by sulphuric acid.

Mr. KLarroTH, however, doubts whether the greater part
of the siliceous earth was not introduced, during the operation,
by the action of the alkali on the crucible,

A drachm of the ore was digested with a considerable quan-
tity of nitric acid, and a great part was dissolved. In the so-
lution white flocculi were perceived, and were separated by a
filter. When dried they were like a membrane, which became
bluish when exposed to the light, and much resembled the
molybdic acid obtained from molybdena, by repeatedly dis-
tilling nitric acid from it. In the filtrated nitric solution
there was much oxyde of molybdena mixed with oxyde of



6 Mr. HATCHETT’S Analysis of

lead. The lead was therefore precipitated by sulphuric acid,
and afterwards the molybdana by prussiate of pot-ash.

A drachm of the ore was digested with muriatic acid, and
was completely dissolved, excepting a small residuum of sili-
ceous earth. The solution was transparent, and without co-
lour, In the course of some time it plentifully deposited crys-
tals of muriated lead. When these crystals were separated,
the solution was evaporated, and the interior of the bason was,
during the evaporation, covered with a bluish saline crust,
which dissolved and the colour disappeared when the vessel
was shaken. The concentrated solution decanted from the
muriate of lead (which had been precipitated during the eva-
poration) was of a deep blue, which disappeared when water
was added. The solution was then saturated with alkali, and
deposited a white precipitate, which consisted of molybdic
acid, together with a small quantity of oxyde of lead.

According to these experiments Mr. KLaAPROTH remarks,
that the yellow sparry lead ore of Carinthia is composed of
oxyde of lead and molybdic acid, and that this mineralogical
novelty is the more remrarkable, as it is the only one of the
kind known at present. It is also worthy of notice, that the
molybdana changes its form according to the method em-
ployed to precipitate it from alkaline solutions; for it is ob-
tained either in a crystalline form, or in that of a white powder,
or in that of a citron-coloured oxyde. When crystallized, it is
soluble in acids, and in water; as a white powder it does not
dissolve in water, unless a small quantity of muriatic acid is
added ; but in the state of the citron-coloured oxyde, it is in=
soluble in water as well as in the acids. Mr. KLAPROTH
considers that this difference is occasioned by the presence of
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some alkali in the two first substances, so as to form an imper-
fect neutral salt with the molybdic acid, but that the yellow
powder is in the state of a simple oxyde.

This yellow colour probably occasioned the supposition
that the lead was mineralized by the tungstic acid ; but the
blow-pipe is sufficient to distinguish them. The yellow oxyde
of molybdzena loses the colour as soon as the point of the flame
touches it, inclines to an olive colour, and melts into small
grains, which are immediately absorbed by the charcoal. In
the phosphate of ammoniac and soda it dissolves, and commu-
nicates to it a green colour. On the contrary, the yellow
oxyde of tungsten by ignition becomes blue or black, remain-
ing refractory, and with phosphate of ammoniac and soda it
produces a sky-blue glass,

Mr. KraproTH concludes his paper by saying, that he
could not exactly determine the proportions of the ingredients,
as the quantity of the ore in his possession was not sufficient
to make the necessary allowance for the solubility of the oxyde
of lead in the alkalies, and especially that of the molybdic acid
when in a state of combination.

These experiments of Mr. KraproTHr certainly prove that
this ore is a molybdate of lead ; but as the quantity which he
had was too small, either to make a greater number of experi-
ments, or a regular analysis, I was induced to attempt a fur-
ther investigation of it; and therefore in the course of the last
summer I made the experiments and analysis which are de-
scribed in this paper.
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§ II. Cbharacters of the Carinthian Molybdate of Lead.

The molybdate of lead is found at Villach; in Carinthia.*
The matrix is a limestone, of a pale brownish-grey colour,
often more or less tinged with oxyde of iron.

The ore is a heavy brittle substance, easily scratched with
a knife, and of a yellow, varying from pale yellow to orange
colour.

The fracture is sparry.

The external lustre is like that of wax, and when crystal-
lized, two of the faces of the crystals are commonly opaque,
and of a pale yellow, but the remaining four faces or sides
have a resinous appearance.

It generally exhibits an appearance of crystallization, and
the crystals, when perfect, afford various modifications between
the octoédral figure and the cube. 7

The specific gravity of a specimen, from which I had se-
parated all the visible part of the matrix, was 5092 (the tem-
perature of the water being 60°), but when the ore was re-
duced to powder, and purified by diluted nitric acid, I found
the specific gravity to be 5706.

1. When the ore was examined by the blow-pipe, it at first
split and crackled as soon as the point of the flame touched it,
but afterwards readily melted into a dark coloured mass, in
which were some shining globules of lead.

e. With borax it formed a brownish-yellow globule, but
when it was in a small proportion, and heated by the interior

* It is said to have been sometimes found in Austria and Hungary, but I doubt if
the nature of these ores is the same.
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flame, it occasionally produced a glass, which was greenish
blue, and sometimes deep blue.

g. With phosphate of ammoniac and soda it formed a sea-
green glass, which in proportion to the quantity of the ore
" sometimes became deeper in colour, so as to be nearly of a
deep blue. |

Before I made the following experiments, I reduced eight
ounces of the ore to a fine powder, and dissolved the matrix
after the manner of Mr, KLarrotH, by successively pouring
on the powder small quantities of nitric acid diluted with six
parts of distilled water, after which I edulcorated and dried
the residuum. The nitric acid used in this operation con-
tained (as Mr. KLarroTn has mentioned) calcareous earth,
oxyde of iron, and oxyde of lead; but as prussiate of pot-ash
produced a pale green precipitate, I suspected that some other
metallic substance beside iron and lead was in the solution.
I therefore added muriate of tin to a portion of it, which was
immediately changed from a pale yellow to a pale blue, and
shewed that a small quantity of molybdic acid was present in
the solution.

§ III. Molybdate of Lead with Water.

I boiled twelve ounces of distilled water on twenty grains
of the purified ore in a glass matrass during three hours. The
ore did not appear to be changed, nor did the water after it
had passed the filter afford any trace of matter in solution. I
believe, therefore, that the molybdate of lead is insoluble in
water.
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§ IV.

As Mr.KraproTH had proved the action of the fixed al-
kalies on the molybdate of lead, in the dry way, I was de-
sirous to know what effects they would produce in the humid
way, and therefore made the following experiments.

EXPERIMENT I.

A. T boiled four ounces of strong lixivium of caustic pot-
ash with twenty grains of the purified ore, till there remained
at the bottom of the matrass a dry mass, which was partly
red, yellow, and green. I reduced this to powder, and poured
distilled water on it, till the water came away without any
taste. '

The alkaline solution was filtrated, and afterwards satu-
rated with sulphuric acid. The liquor then became turbid, and
deposited a small quantity of a white precipitate, which con-
sisted of lead and some molybdic acid. This was separated
by a filter, and prussiate of pot-ash being added to the clear
liquor, precipitated a great . quantity of molybdana, in the
state of a reddish-brown flocculent precipitate. :

B. 1 took the residuum of the alkaline solution (which
now was chiefly of a red colour, and appeared like minium)
and poured nitric acid, very largely diluted, on it till the whole
was dissolved. I then precipitated the lead with sulphuric
acid, and from the clear liquor which remained I afterwards,
by the means of prussiate of pot-ash, obtained a quantity of
Prussian blue.
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EXPERIMENT 11.

A. Twenty grains of the purified ore were boiled with
four ounces of a lixivium of carbonate of pot-ash. When all
the water was evaporated, there remained a white saline mass, -
which was reduced to powder, and treated with distilled water
as in the former experiment. |

A large quantity of a heavy white residuum remained on
the filter.

The clear solution was saturated as before with sulphuric
acid, and a white precipitate, similar to that of the former ex-
periment, was obtained. This was separated, and a copious
precipitate of molybdana was produced, upon the addition of
prussiate of pot-ash.

B. The white residuum was then edulcorated, and when
diluted nitric acid was poured on it, it was dissolved with ef-
fervescence. From this solution I precipitated the lead by
sulphuric acid, and afterwards the iron by prussiate of pot-
ash.

Ammoniac, when digested on the ore, had not any effect.

From these experiments it appears, that the molybdate of
lead is decomposed by the fixed alkalies in the humid way,
and that the component parts of the ore are lead and iron
mineralized by the molybdic acid.*®

* The alkalies, whether caustic or combined with carbonic acid, do not act in the
humid way on molybd=na when mineralized by sulphur. Scueere’s Essays, p. 230;
and Mémoire sur la Molybdéne, par M.PrLrETIER, Fourn. de Physique, De-
cembre, 1785, p. 437.

Cl
]
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§ V.  Mbolybdate of Lead with Sulpbur.

A mixture, composed of fifty grains of the ore and 150
grains of sulphur, was put into a small glass retort, to which
a receiver was luted.

The fire was then gradually raised till all of the sulphur was
driven over, and the bottom of the retort began to melt.

The residuum was a black loose powder; which was greasy
to the touch, and soiled the fingers like molybdana.

This black powder was digested in a strong heat with nitric
acid, diluted with three parts of water.

Nitrous fumes were discharged during the digestion, and
the powder was dissolved, excepting a residuum of molybdic
acid, which was of a greenish-yellow colour. 7

The solution was diluted with an equal quantity of distilled
water, and was filtrated. Sulphuric acid was then added till
all of the lead was precipitated ; after which I obtained a brown

precipitate by prussiate of pot-ash.*

§ VI. Molybdate of Lead with Carbonate of Ammoniac.

A mixture, composed of 50 grains of the oreand 220 of dry
carbonate of ammoniac, was put into a glass retort, and was

sublimed with a gentle heat.
The molybdate of lead remained in the retort without hav-

ing suffered any apparent alteration.
The ammoniac, however, had raised a small portion ; for

* As the quantity of molybdic acid in the ore is much greater than that of iron, it
is scarcely possible to discover the latter when they are precipitated together by prus-

siate of pot-ash.
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when it was dissolved in distilled water, and was =aturated
with an acid, prussiate of pot-ash produced a brown cloud.

§ VII. Mbolybdate of Lead sublimed with Muriate of Ammoniac.

EXPERIMENT 1.

A mixture of 50 grains of the molybdate of lead and 240
grains of muriate of ammoniac was sublimed:

The sublimate was partly yellow, green, and blue; there
was also some muriatic acid, and the residuum was a black
powder.*®

A. The sublimate was mixed with an equal weight of
sulphur, and distilled.

The residuum of this was a black powder, resembling the
mineral called molybdana, and when distilled with nitric acid,
afforded a citron-coloured oxyde.

B. A quantity of distilled water was boiled on the resi-
duum of the first sublimation, by which a part was dissolved,
and communicated a blue colour to the water.

1. Prussiate of pot-ash added to some of this blue liquor,
produced a precipitate of Prussian blue.

2. Sulphuric acid added to another portion deepened the
blue colour.

g. Lixivium of carbonate of soda precipitated some ochry
matter.

4. And nitrate of silver was decomposed, and muriate of
silver was precipitated.

# M. SacEe has observed, that molybdena with muriate of ammoniac affords a
blue sublimate. Fourn, de Physique, 1788, p. 38g.
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C. Nitric acid diluted with six parts of water was then
poured on the undissolved powder, and was digested on it in
a sand heat.

The powder was nearly dissolved, and the solution was
colourless. *

1. From this solution I precipitated sulphate of lead by the
means of sulphuric acid.

o. With prussiate of pot-ash I obtained a brown precipitate
of molybdaena, and

9. Muriate of tin turned another portion of it blue.

From these experiments it appears that the first solution
contained iron, with some molybdic acid dissolved in muriatic .

acid ; and the second solution contained molybdic acid and
lead.

Mol 'ybdate of Lead sublimed with Muriate Df Ammoniac.

EXPERIMENT II.

125 Grains of the ore were mixed with two ounces of mu-
riate of ammoniac, and put into an earthen matrass, to which
a head of stone-ware was fitted. The matrass was then ex-
posed to a suflicient degree of heat, and when all was sublimed
the vessels were separated.

The black powder which remained was mixed with*two
ounces of muriate of ammoniac, and again sublimed.

This operation was repeated three times, after which nothing
remained in the matrass. The sublimate, as before, was yel-
low, green, and blue.

A. Distilled water was poured on the sublimate, so as to



the Carinthian Molybdate of Lead. 15

dissolve all of the saline part; but as the solution was turbid,
‘it was poured on a filter, which collected a precipitate of a pale
bluish-grey colour.

B. This precipitate after it had been edulcorated was boiled
with distilled water, which was afterwards filtrated.

1. Prussiate of pot-ash precipitated some iron.

2. Muriatic acid was added to another portion, after which
the prussiate produced a brown precipitate of molybdana.

8. Muriate of silver was precipitated when nitrate of silver
was dropped in.

C. I then boiled lixivium of carbonate of pot-ash on the
undissolved part of the residuum, by which the greatest part
was dissolved. The alkali was then saturated with muriatic
acid, and prussiate of pot-ash being added, precipitated some
molybdzena, :

On the small portion of the residuum which remained I
poured diluted nitric acid. The solution was then filtrated,
and I obtained a small quantity of sulphate of lead by the
means of sulphuric acid.

These experiments shew that the residuum was composed
of molybdic acid, iron, lead, and a small quantity of muriatic
acid, which was produced from the muriate of ammoniac dur-
ing the sublimation.

D. I now took the solution A and divided it into two por-
tions, to one of which I added three ounces of concentrated
sulphuric acid, and evaporated the liquor to half of the quan-
tity.

When it was cold it deposited a white saline matter, which
for the greater part dissolved in water, leaving a small resi-
duum which appeared to be muriate of lead.
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Pot-ash expelled some ammoniac from a portion of the dry
salt.

And a precipitate was prbduced when muriate of barytes
was added to the solution. This white saline matter was there-
fore a mixture of sulphate of ammoniac with a small portion
of muriate of lead.

The solution to which the sulphuric acid had been added
was again evaporated to a considerable degree, and when cold
it resembled a very thick mucilage of a pale yellow colour., It
readily dissolved in water, and contained sulphuric acid in great
excess.

1. Prussiate of pot-ash only changed the colour to pale green.

2. Carbonate of pot-ash expelled the ammoniac, and a white
precipitate like starch was formed, which was principally. com-
posed of molybdic acid and pot-ash, on which I shall not make
at present any observations, as it will be hereafter noticed in
several parts of this paper. :

It is worthy of notice, that prussiate of pot-ash did not pre-
cipitate the molybdaena from this mucilaginous salt, and that
when the pot-ash expelled the ammoniac it formed with the
molybdic acid a salt more difficultly soluble than that formed
by ammoniac.

E. To the second portion of the solution I added three
ounces of concentrated nitric acid, and evaporated it nearly
to dryness.

A bright yellow matter was deposited, which I found to be
molybdic acid combined with a portion of lead.

There was also a small quantity of liquid, which I diluted
with distilled water, and then precipitated some sulphate of
lead by sulphuric acid. When this was separated I added
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prussiate of pot-ash, and obtained a quantity of Prussian
blue.

§ VIII. Mblybdate of Lead, with black Flux.

One hundred grains of the ore were mixed with four times
the weight of black flux. The mixture was then put into a
crucible with a piece of charcoal over it ; a cover was fitted to
the crucible, and it was placed in a furnace in which a strong
heat was kept up during an hour. When the crucible was
cold and was broken, there did not appear any reguline but-
ton, but shining metallic particles were dispersed throughout
the mass. '

It was then reduced to powder, and the largest particles
were separated by washing, were dried upon paper, and
weighed g1 grains; upon examination they proved to be lead
in the metallic state.

Other particles were separated by a magnet, and the re-
mainder consisted of a black powder.*

A. Diluted nitric acid was poured on this black powder
and dissolved it, excepting a small residuum, which consisted
of siliceous earth with a little charcoal.

1. The solution was diluted with distilled water and fil-

trated.
2. I then first separated a quantity of lead by sulphuric

* ScueeLe could not reduce molybdic acid by black flux. Scuerce’s Essays,
p. 238.—Several chemists however assert, that they have obtained a regulus of molyb-
dena, particularly Mr. Hievwm, in Journ. de Pbysique, 1789, p. 372.—And Mr,
R:I.TPRECHT, Fourn. de Pbysique, 1790, p. 231.—But Mr. Istmanx did not suc-
ceed. Jowurn, de Physique, 1788, p. 296,

D
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acid, and afterwards obtained some Prussian blue by prussiate
of pot-ash.

B. The alkaline solution which had been formed when the
melted mass was washed, was poured on a filter, and distilled
water was added till it came away tasteless.

The filtrated liquor was without colour: nitric acid was then
added till the alkali was saturated.

When about half of the requisite quantity of nitric acid was
poured in, the liquor became pale blue, and as the quantity
was increased it changed to green; and, lastly, when the ni-
tric acid was added till it was in a small excess, the liquor
was of a bright amber colour.

1. This solution, with prussiate of pot-ash, afforded a brown
precipitate of molybdzna.

2. Muriate of tin changed the colour to a beautiful deep
blue.

8. But sulphuric acid had not any effect.

C. The amber-coloured solution was evaporated to dry-
ness, and a saline mass of a bright citron-colour remained at
the bottom of the vessel.

As part of the yellow colouring matter appeared to be only
mixed with the salt, I dissolved it in distilled water, and se-
parated a quantity of a citron-coloured powder, which was the
molybdic acid. '

The solution was twice again evaporated, and each time
some molybdic acid was separated ; but a part still remained
intimately combined with the salt, so as with water always to
produce the amber-coloured solution.*

* Although the solution at first afforded a brown precipitate with prussiate of pot-
ash, yet when it had been twice evaporated, it required the addition of some nitric
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I now proceeded to examine the ore with the acids.

As the results which I obtained when the ore was digested
with nitric acid were the same as those mentioned by Mr. .
Kraprot, I shall not repeat them, but shall only observe,
that it does not appear possible to decompose the ore com-
pletely by means of this acid.

§ IX. Mblybdate of Lead with Muriatic Acid.

240 Grains of the purified ore in fine powder were put into
a glass matrass, with three ounces of pure muriatic acid.,

The matrass was then placed in a sand bath; in about an
hour the whole was dissolved, excepting some muriate of lead,
which I dissolved by pouring water on it.

After this there only remained a very small residuum of
siliceous earth.

A. The solutions were then added together, and formed
a liquor which was transparent, and of a greenish-yellow ¢o-
lour. e

1. Prussiate of pot-ash produced a copious precipitate of
molybdzna, in the form of a reddish-brown flocculent matter.

B. Lixivium of carbonate of pot-ash precipitated a yellow-
ish-white matter, and turned the liquor to a deep blue.

C. Carbonate of soda had the same effect.

D. Solution of carbonate of ammoniac produced a similar
precipitate, and caused the liquor to become blue.

acid before any precipitation could be made. The cause of this was, that the first
liquor contained nitric acid in excess, which was afterwards expelled by the subse-
quent evaporations,

De
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These precipitates were separately collected and washed on
filters.

When examined by the blow-pipe, all of them afforded a
yellowish-green glass, with phosphate of ammoniac and soda.

These precipitates dissolved in diluted nitric acid with ef=
fervescence, and sulphuric acid precipitated sulphate of lead,
after which Prussian blue was precipitated by prussiate of -
pot-ash, and the liquor became brown.

E. The blue solution, which consisted of the muriatic and
molybdic acids combined with soda, was evaporated.

When the liquor became hot, the colour changed from
blue to pale yellow, and the evaporation was continued with-
out any other perceptible alteration till the whole was become
a dry concrete salt.

I dissolved this salt in distilled water, and added muriatic
acid, so as to be in a small excess. The liquor was then eva-
porated to half, and was set in a cool place.

The following morning I found a quantity of crystalllzed
muriate of soda at the bottom of the bason, covered with a
white flocculent precipitate, which I collected and edulcorated
on a filter. The rest of the liquor was repeatedly evaporated,
till I had separated the greatest part of this white matter from
the muriate of soda. :

The last pertion of the liquor, however, still contained some
molybdic acid, combined with the muriate of soda; for after
it had been several times evaporated and again dissolved, it
became blue when muriate of tin was added; or if muriatic
acid was first poured in, prussiate of pot-ash produced a red-
dish-brown precipitate of molybdwna.



. the Carinthian Molybdate of Lead. e1

Experiments on the While Precipitate.

1. It was not dissolved when water was boiled on it.

2. "When digested with sulphuric or muriatic acid, the
greatest part was dissolved, and prussiate of pot-ash produced
a precipitate of a greenish-brown colour.

8. A small part became yellow when nitric acid was dis-
tilled from it.

4. The solutions of carbonate of pot-ash, soda, and ammo-
niac, dissolved the greater part; and when these solutions were
saturated with muriatic acid, prussiate of pot-ash produced
precipitates like those of the acid solutions.

As this precipitate in a great measure resembles that which
1s described in § X. I shall, when I come to that part, give a
more ample account of it.

F. I next examined the blue solution, which consisted of
the muriatic and molybdic acids combined with ammoniac.

It was first filtrated, and then gradually evaporated. When
evaporated to half of the original quantity, the colour was
green, but towards the end of the operation it again became
blue, and when evaporated to dryness, the residuum was a
whitish salt, tinged in some parts with blue.

- G. This salt was reduced to powder, and was put into a
small glass retort, to which a receiver was fitted. 1 then
placed the retort in a small open furnace, and gradually raised
the fire till the bottom of it began to melt. The retort was
now removed, and I examined the contents. The receiver
contained some water, and a small quantity of muriafic acid.

- Near the extremity of the beak of the retort was some mu-
riate of ammoniac, with some fuming muriatic acid, and the
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remainder of the tube was filled with a hard greyish-blue
salt. In the retort was a black pulverulent residuum.

I collected all of the blue salt, and again sublimed it, and
again obtained muriatic acid, blue salt, and some of the black
powder.

The blue salt was composed of muriate of ammoniac com-
bined with the acid, or rather with a blue oxyde of molybd=na.

H. The black residuum was put into a glass retort, and
some nitric acid being poured on it, it was exposed to a mo-
derate heat. Nitrous fumes were discharged, and when the
distillation had been repeated, I found the whole of this black
powder converted into the citron-coloured molybdic acid.

I had evident proof that in this experiment a portion of the
muriate of ammoniac was decomposed by each sublimation,
and also that part of the molybdic acid was deprived of oxy-
gen, and remained in the retort, if not in the state of metal,
at least combined with so small a quantity of oxygen as to be
nearly approaching to it.*

Mbolybdate of Lead with Muriatic Acid.

EXFERIMENT 1I.

One drachm of the ore was digested with muriatic acid, and
distilled water was added till the whole was dissolved, except-
ing a small residuum of siliceous earth.

The solution was filtrated, and was repeatedly evaporated,
till muriate of lead was no longer separated.

* A black powder of a similar nature appears to have been obtained by ScHEELE,
when he distilled the white molybdic acid with a small quantity of olive oil. Essays,
p. 238,
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The muriate of lead, when edulcorated, I found to be per-
fectly free from any other substance.

I now saturated the acid selution (from which the muriate
of lead had been separated ) with solution of carbonate of am-
moniac, and obtained a pale yellow flocculent precipitate,
which was well edulcorated.

This precipitate immediately dissolved in very dilute nitric
acid, and with sulphuric acid I precipitated a small portion of
lead, after which, with prussiate of pot-ash, I separated a quan-
tity of iron.

The solution, when saturated with the ammoniac, was deep
blue, and was composed of muriatic acid, ammoniac, and the
blue oxyde of molybdena, like that mentioned in the former
experiment.

In the course of these experiments, I have observed that the
full blue colour only takes place at the precise moment of sa-
turation, and if the alkali is even added to a considerable excess,
the colour does not suffer any farther change; but if much
water is first added, the blue colour does not appear; or if
water is added afterwards, the solution becomes colourless.

By the preceding experiments the component parts of the
ore are proved to be lead, iron, and molybdic acid.

In respect to the small portion of siliceous earth, it may
rather be regarded as accidentally present, than as an essential
ingredient.

My second object was to discover the least exceptionable
mode of analysis, but all of those which have been described
appeared to me to be liable to considerable objections, and I
was therefore induced to make some additional experiments.
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§ X. Molybdate of Lead with Sulpburic Acid.

From the experiments of Mr. KLAPROTH it appears, that
he only employed nitric and muriatic acid; and on this ac-
count I was desirous to try the effects of sulphuric acid, espe-
cially as ScHeeLE has proved that it is able to dissolve a con-
siderable quantity of the acid of molybdana.* Moreover, I
conceived hopes of success, on the supposition that the elec-
tive attraction between lead and sulphuric acid was more
powerful than that between lead and molybdic acid ; and as sul-
phate of lead is nearly insoluble, I should thus be able to make
a complete separation of the constituent parts of the ore, I
therefore made the following experiment. |

120 Grains of the purified ore in fine powder were put into
a small glass matrass, and one ounce of concentrated sulphuric
acid was poured on the powder.

The matrass was then placed over an ArRcaND lamp, and
the acid was boiled during an hour. The ore became white,
and the acid was of a beautiful blue.

When it had stood some hours, I poured the acid into ano-
ther vessel, edulcorated the powder with distilled water, and
added the washings to the acid solution.

Another ounce of sulphuric acid was poured on the powder,
and boiled as before. It was faintly tinged with blue; and I
added it to the first solution, as well as the water with which
the powder was washed.

That I might not leave any part of the molybdic acid un-
extracted, I repeated the operation a third time. The powder

* Essays, p. 235,
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‘was then edulcorated, and the acid solutions being added to-
gether, formed a pale blue transparent liquid.

To decompose the white residuum, I boiled it durmg an
hour with lixivium of carbonate of soda, then washed the
powder, and poured on it nitric acid much diluted, by which
it was immediately dissolved with effervescence, leaving a very
small residuum of siliceous earth.

Prussiate of pot-ash produced a white precipitate of lead,
~and after 12 hours, a very small portion of Prussian blue sub-
sided. :

The ore was therefore decomposed, and there only re-
mained this minute portion of iron to be separated from the
lead ; but this I shall notice when I come to the analysis.

I now diluted the sulphuric solution with a large quantity
of distilled water, and divided it into two portions.

One of these (which I shall call A) was saturated with car-
bonate of pot-ash. The other (B) was saturated with carbo-
nate of ammoniac.

When the alkalies were first added, the solutions became of
a pale yellowish green, and as the quantity of the alkalies was
- inecreased, the solutions t:hangled to bluish green, and lastly to
deep blue.

When the vessels had stood about 24 hours, the solution A
deposited a white prec] pitate, and in the solution B there was
also a small quantity of a yellowish colour.

Both solutions passed the filter without any diminution of
the blue colour. 4

I collected the white precipitate of A on a filter, and then
evaporated the liquor to half.

The following morziing I found a large quantity of crystal-
E
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lized sulphate of pot-ash covered with a flocculent white pre-
cipitate. This I separated from the sulphate of pot-ash, and
by repeated evaporations obtained the remainder.

These white precipitates were kept separate in the order in
which they were obtained, and were washed and dried.

Experiments on the first Portions of the White Precipitate ob=
tained by the Addition of the Alkali, and by the first Eva-
poration.

The white precipitate, when exposed on charcoal to the
blow-pipe, melted into a pale green transparent globule.

With borax it formed a yellow transparent glass when hot,
which as it cooled became opaque, and of an ash colour.

When added to the phosphate of ammoniac and soda in
fusion, a :,reliu'-wish green transparent glass was produced,

Water boiled for a considerable time on the precipitate did
not apparently dissolve it; but muriate of barytes shewed the
presence of a small quantity of sulphuric acid.

Nitric acid distilled to dryness from some of the precipitate,
produced very little alteration, excepting that a small part be-
came yellow.

Sulphuric acid was digested on a portion of the precipitate,
and dissolved part of it; the remainder appeared unchanged.

The solution was diluted with distilled water, and prussiate
of pot-ash being added, produced a blue precipitate.

Muriatic acid digested on another portion, turned it at first
yellow, but afterwards the greater part became white, and
remained undissolved.

The solution afforded a blue precipitate with prussiate of
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pot-ash, and a small quantity of white precipitate with mu-
riate of barytes.

The residuum was not affected when afterwards digested
with acids or alkalies.

Some of the white precipitate was boiled with lixivium of
" carbonate of pot-ash, and part was dissolved. The solution
was then saturated with muriatic acid, and prussiate of pot-
ash produced a blue precipitate.

With' carbonate of soda the effects were the same.

A solution made with carbonate of ammoniac (afterwards
saturated with muriatic acid) was tinged green by the addi-
tion of prussiate of pot-ash.

A mixture, composed of 2o grains of the precipitate, and 50
grains of sulphur, was put into a small glass retort, and dis-
tilled till all of the sulphur was driven over.

The powder in the retort was of a pale grey colour, did not
stain the fingers, or feel greasy, and had an hepatic smell.

Diluted nitric acid was digested on it without heat, and
when prussiate of pot-ash was added to a part of the clear so-
lution, a brown cloud was produced in about 1o minutes, re-
sembling the usual precipitate of molybdana.

Lixivium of carbonate of pot-ash added to another portion,
formed a white flocculent precipitate, like starch.

Concentrated nitric acid was afterwards digested on the
grey powder in a strong heat, and dissolved a considerable part.

With this solution, prussiate of pot-ash produced a brown
precipitate, intermixed with some blue particles.

The rest of the solution was then evaporated, and left a
bright yellow mass at the bottom of the matrass.

E e
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The undissolved residuum of the nitric solution was then
boiled with lixivium of pot-ash, which was afterwards satu-
rated with muriatic acid, and became tinged with blue when
prussiate of pot-ash was added.

The residuum was now a black powder, which was edul-
corated, and was immediately dissolved when nitric acid was
poured on it; at the same time nitrous fumes were emitted.
The solution was transparent, excepting that a few white par-
ticles were floating in it.

It was then diluted, and filtrated.

Prussiate of pot-ash turned it toa brownish-green, which
afterwards became brown. Lixivium of pot-ash precipitated
a white flocculent matter ; and caustic ammoniac, added to a
third portion, precipitated a quantity of iron.

As this precipitate had some remarkable properties, parti-
cularly in respect to the difficulty with which it was de-
composed, I ‘have been induced to mention the experiments
made on it in a circumstantial manner.

This precipitate appears from these experiments to be prin-
cipally composed of iron, and some molybdic acid, together
with a small portion of alkali and salphuric acid.

The intimate union between the iron and molybdic acid is
apparently the cause which impedes the decomposition of this
precipitate ; but this can only be ascertained by future expe-
riments on molybdate of iron.

I next examined the white precipitate which was deposited
by the last evaporations, and found that (when distilled with
nitric acid) it was converted into the yellow molybdic acid ;
and I was therefore convinced that this last portion of the
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white precipitate was the same neutral salt which I obtained
in several other operations, and which has also been noticed
by ScueELE and KLarroTH.*®

I now began to examine the blue solution B, which con-
sisted of the sulphuric solution of molybdic acid, saturated
with ammoniac ; but that the experiments made on this may
be better understood, I shall first give an account of some ex-
periments and observations which I have made on the sul-
phate of ammoniac.

Experiments and Observations on the Sulphate of Ammoniac.

This neutral salt, which from Grauser (who first pre-
pared it) was called the secret ammoniacal salt of GLAUBER,
or vitriolic ammoniac, has been very little examined ; neither
has it been applied to any useful purpose, although the in-
* ventor much recommended it in metallurgical operations.

It has been long known that the fixed alkalies, lime, and
barytes (when triturated with it), decompose it, by uniting
with the acid. DBut the effects of heat on it do not appear to
have been sufficiently observed.

MACQUER says, that it is (to use his expression) demi-
volatile, that it may be sublimed entire, and that it cannot be
decomposed in close vessels without some intermediate sub-
stance.}

Baume’ makes use of nearly the same expressions.}

® ScuEeELE observes, when molybdzna was detonated with nitre, and the mass af-
terwards dissulved in water, and saturated with sulphuric, nitric, or muriatic acid, that
a white precipitate was produced, which was, the acid of molybdana combined with a
portion of alkali. Essays, p. 231, and z40.

+ Dictionnaire de Chimie, Tom. L. p. 111.

1 Chimie Expérimentale et Raisonnée, Tom. II, p. 83.
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BucqueT says, that when it has lost the water of crystalli-
zation, it becomes red hot, and melts without being volatilized."

Lastly, M. Fourcroy mentions it in the following man-
ner: “ As it contains much water of crystallization, it imme-
“ diately liquefies by a very moderate heat ; but by degrees it
“ becomes dry, in proportion as the water of crystallization is
“ dissipated. In this state it first becomes red hot, and soon
‘ melts without being volatilized, according to BucQUET ; but
“ M. BaumEg' asserts that it is demi-volatile. In repeating
“ this experiment I have observed, that in fact a part of this

L

“ salt is sublimed, but a portion remains fixved in the vessel, and
¢ without doubt it is concerning this that BucoueT speaks.”*
When so many eminent chemists concurred in nearly the

same assertion, I was not a little surprised to observe, in some
experiments ( which I made for a very different purpose), that
the whole of the sulphate of ammoniac was not only volati-
lized by heat, but also that the distillation of it was accompa-
nied with some remarkable phaenomena.

I therefore diluted some very pure concentrated sulphuric
acid with an equal quantity of distilled water, and having sa-
turated it with ammoniac, I gradually evaporated it till it be-
came a concrete salt,

EXPERIMENT I.

-

I put two ounces of the salt into a glass retort, capable of
containing three times the quantity, then fitted on a receiver
without any luting, and placed the retort in a small open fur-
nace over some lighted charcoal. :

The salt in the retort speedily liquefied, and a small portion

s Elémens d'Histoire Naturelle et de Chimie, Tom. 1I. p. g3.
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of water first came over ; this was succeeded by a considerable
quantity of alkaline gas, which continued to be produced
during 15 or 2o minutes. On a sudden the vessels were filled
with a thick white cloud, which upon close inspection ap- .
peared to be composed of very minute glittering crystals. This
cloud quickly disappeared, and was followed by a great quan-
tity of sulphureous gas and water, the greatest part of which
was condensed in the receiver; and the operation went on in
this manner while any thing remained in the retort.

During the distillation, the matter in the retort was always
liquid ; and when the operation was finished, I found in the
receiver a considerable quantity of sulphureous acid, with some
ammoniac in solution: and in the neck of the retort there
was sublimed a portion of the undecomposed salt.

From this experiment I was in a great measure convinced,
not only that the neutral salt was decomposed, but that the
ammoniac was also in part resolved into its constituent prin-
ciples.

EXFPERIMENT II.

That I might, however, remove any doubt respecting this
matter, I fitted a bent glass adopter to a retort, and to this
added a double tubulated receiver, from which proceeded a
_bent tube, which passed under a glass jar filled with water
and inverted.

The former experiment was now repeated with this appa-
ratus; and I had the satisfaction- to observe, that when the
sulphureous acid began to be produced, a quantity of gas at
the same time displaced the water in the jar, and continued to
pass into it to the end of the operation.
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This gas I afterwards examined, and found that it possessed
all the properties of the azotic gas.*

I afterwards distilled 100 grains of the yellow oxyde of iron,
mixed with 2co grains of sulphate of ammoniac.

Pure ammoniac first came over, and afterwards some sul-
phureous acid. 'When the retort began to melt I removed it,
and found the iron chiefly in the state of the red oxyde, or
colcothar, mixed with some sulphate of iron.

When oxyde of zinc was used, the residuum was sulphate of
zinc. '

Minium, when triturated with sulphate of ammeoniac, im~
mediately decomposed it like lime, or the alkalies, and when
distilled, the retort contained sulphate of lead. ‘

When native green oxyde of copper was distilled with sul-
phate of ammoniac, the residuum was partly red oxyde of cop-
per, with some sulphate of the same. But the ammoniac came
over in a concrete state, by reason of the carbonic acid eon-
tained in the green oxyde.

The oxydes therefore of iron, zinc,']ead, and copper decom-
pose the sulphate of ammoniac by combining with the acid.

I next mixed it with the yellow tungstic acid ; but after the
distillation, I found the tungstic acid unchanged, excepting
that it had acquired a tinge of pale green. The ammoniac

# This operation requires to be conducted with caution; for at the moment when
the white cloud appears, a vacuum takes place, occasioned by the alkaline gas (which
previously filled the vessels) being neutralized by the sulphurcous gas, which is then
produced. It is necessary, therefore, in about 10 or 15 minutes dfter the commence-
ment of the operation, thatthe fire should be raised, and the azotic gas will then soon
begin to pass into the jar. Some water will most commonly rush into the receiver;,
but if the capacity of this is not too small, there will not be time enough for the water
to rise sufficiently high, so as to pass into the retort.
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and the sulphureous acid also came over in the same manner
as when only the sulphate of ammoniac was distilled.

Lastly, I distilled one ounce of the sulphate of ammoniac
with 2o grains of the yellow molybdic acid. During the dis-_
tillation, the ammoniac and sulphureous acid were produced in
as great quantities as when the sulphate of ammoniac was dis-
tilled by itself. But the molybdic acid remained in the retort,
deprived of oxygen, in the form of a black blistered matter,
which was again converted into the yellow acid when dis-
tilled with nitric acid.

From these experiments it appears, that the sulphate of am-
moniac is not (as many eminent chemists have imagined) in-
capable of being decomposed without some intermediate sub-
stance, but on the contrary, the whole of it can be raised, and
a great part decomposed, whenever a proper degree of heat is
applied ; for then a certain portion of ammoniac first comes
over, so that the remainder is combined with acid in excess,
and the hydrogen of the ammoniac which remains unites with
part of the oxygen of the sulphuric acid, and forms water,
which passes into the receiver, accompanied by the acid (now
become sulphureous acid), and by the azote in the state of gas.

Various methods have long been in use to decompose am-
moniac.

Metallic oxydes produce this effect ; and ScHEELE particu-
Jarly mentions, that if arseniate of ammoniac is distilled, gas
is produced, and the acid of arsenic is reduced to the metallic
form, and as such is sublimed.*

* Essays, page 155. The same effects also were produced when acid of arsenic was
sublimed with muriate of ammoniac, page 161.

F
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The decomposition of the nitrate of ammoniac is also well
known ; and I have no doubt but that muriate of ammoniac
suffers a similar decomposition in a smaller degree each time

.that it is sublimed; for whenever I have had occasion to
sublime muriate of ammoniac, I have always found some fum-
ing muriatic acid ; and from whence could this be produced,
but from a portion of the salt which was decomposed during
the sublimation.

The distillation of the blue triple salt, composed of mulj;hdic
acid, muriatic acid, and ammoniac (§ VII. and IX.), places
this in a stronger light; for whenever this salt was distilled,
a certain portion of molybdena was left in the retort de-
prived of oxygen, and muriatic acid was found in the receiver.
Moreover, from several repetitions of this experiment, I am
well convinced, that by a great number of sublimations the
whole of the molybdaena might have been obtained in the pro~
portion that the muriate of ammoniac was decomposed.

When all these facts are considered, it appears to me more
than probable that most, if not all, of the ammoniacal salts
suffer different degrees of decomposition whenever they are
treated in the dry way.

As the molybdic acid was my principal object, I did not
make all the experiments I could have wished on this neutral
salt ; neither have I as yet exactly determined the proportion
of azotic gas produced from a certain quantity.

I have found, however, that the sublimed undecomposed
part of the salt amounted to 183 grains when an ounce of the
salt had been distilled, and that the liquid in the receiver
weighed 145 grains; so that 152 grains had escaped, which
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principally consisted of azotic gas, together with some sul-
phureous acid, and some alkaline gas, which had made their
way out of the vessels during the operation.

Continuation of the Experiments on the Molybdate of Lead.

From the effects which I observed to be produced when
sulphate of ammoniac was distilled with molybdic acid, I was
induced to examine in a similar manner the blue solution B ;
but first I collected, washed, and dried the pale yellow pre-
cipitate which had been formed when the sulphuric solution
of the molybdic acid was saturated with ammoniac.*

This precipitate, when dry, appeared of a deeper yellow,
and easily dissolved in muriatic acid.

Prussiate of pot-ash was then added to the clear solution,
and precipitated the whole of the dissolved matter in the state
of Prussian blue,

The filtrated solution B was now evaporated till it became
a dry concrete salt, the colour of which was pale greyish
" blue.

I collected this salt, and having reduced it to powder, put
it into a small glass retort, and having fitted on a receiver, I
distilled it in the same manner as was employed with the sul-
phate of ammoniac.

The products which came over were also the same, and
when the bottom of the retort began to be softened by the

® Whenever the solution was sufficiently diluted, I always found that ammoniac
precipitated the iron free from any part of the molybdic acid; but if either of the
fixed alkalies were used, a portion of molybdic acid was precipitated with the iron
in a state similar to the first portions of those white flocculent precipitates, which have
been already mentioned in § IX, and § X.

Fe
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heat, I removed it, and found the residuum to be a black
blistered matter.

I then examined the sulphureous acid and sulphate of am-
moniac which had risen, but did not find any trace of molyb-
dena. :

I next poured nitric acid diluted with an equal weight of
distilled water on the black residuum in the retort, and dis-
tilled it.

As soon as the acid began to be warm, nitrous fumes were
discharged, and when the distillation had been repeated with
a second portion of nitric acid, I found the whole of the black
matter converted into a pale citron-coloured substance, which
was the molybdic acid.

I shall not here mention the experiments made on this acid,
but shall speak of them after I have given an account of the
analysis of the molybdate of lead, which I immediately at-
tempted, according to the method pointed out by the fore-
going experiments. .

§ XI. Analysis of the Molybdate of Lead.

I put 250 grains of the purified ore reduced to a fine pow-
der into a glass matrass, and having poured on it one ounce
of concentrated sulphuric acid, I digested it in a strong heat
during an hour.

When the solution was become cool and had settled, the
acid was cautiously decanted from the powder, and distilled
water was poured on till it came away tasteless,

The same operation was repeated twice, so that three
ounces of sulphuric acid were used.
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The acid solutions and washings were then filtrated, and
were received in a large glass vessel.

I diluted the pale blue liquor with distilled water, in the
proportion of sixteen to one, and afterwards gradually added
ammoniac, until it. was completely saturated. The liquor
then became deep blue, and appeared turbid.

When it had stood about 24 hours, a loose pale ochry pre~
eipitate subsided, and was collected on a filter, the weight of’
which had been noted.*

This precipitate was edulcorated, and afterwards dried with
the filter on the flat top of a tin vessel heated by boiling wa-
ter, after which the weight of the precipitate was 4.2 grains.

The colour of the dry precipitate was yellowish brown, and
when dissolved in muriatic acid it was precipitated by prussiate
of pot-ash in the state of Prussian blue.

I now poured part of the clear blue solution, which was com-
posed of sulphuric and molybdic acid saturated with ammoniac,
into a glass retort, and when about half was evaporated, I con-
tinued to add the remainder of the liquor at different times till
the whole was become a concrete salt.

I then raised the fire and continued the distillation until all
of the sulphate of ammoniac was decomposed or driven over;
but as some of the sublimed salt was lfixed in the neck of the

® This is one of the many instances which prove the weak affinity between molyb-
dzna and oxygen; for it is well known that pure ammoniac precipitates iron from
sulphuric acid, in a state nearly similar to martial ethiops; but in the present case
the iron takes a considerable portion of oxygen from the molybdic acid at the moment
that the acid menstruum is saturated by the ammeniac, and it is therefore precipirated
in the form of a yellowish-brown oxyde, whilst the molybdic acid being thus deprived
of so large a quantity of oxygen, is converted into a blue oxyde which remains in so«.
lution.
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retort, I turned the bottom of it upwards, and poured some
distilled water into the neck, so as to wash out the salt; after
this I increased the fire until the whole body of the retort was
become red hot.*

The residuum in the retort was a black blistered mass, upon
which I poured three ounces of nitric acid diluted with an
equal portion of water, and having distilled it, I repeated the
operation, and thus converted the whole of the black matter
into the yellow acid of molybdzna.

~When the retort was sufficiently cooled, I cut off the neck
and removed the powder, which weighed g5 grains.

I next proceeded to decompose the residuum left by the acid
solution in the state of sulphate of lead, and having edulco-
rated it, I boiled it during an hour with four ounces of lixi-
vium of carbonate of soda, then washed the powder, and
poured on it nitric acid much diluted. :

The whole was dissolved, excepting a small portion of white
powder, which was washed and dried on a filter by the heat
of boiling water, and then weighed seven-tenths of a grain.

This, upon examination, proved to be siliceous earth.

I then exactly saturated the nitric solution with lixivium of
pure or caustic soda, and having washed and dried the preci-
pitate of lead, I exposed it in a porcelain crucible for a quar-
ter of an hour to an heat rather below red; after which it
weighed 146 grains,

As I had found by a former experiment that a small portion
of iron remained with the lead, I dissolved the 146 grains in
diluted nitric acid, and precipitated the lead by sulphuric acid.

® To be certain that all of the ammoniacal salt is decomposed, it is absolutely
recessary that the retort should be made red hot.
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The solution was then filtrated, and being saturated with pure
ammoniac, I obtained a small quantity of oxyde of iron, which,
when dried as before, weighed one grain.

By this analysis, 250 grains of the ore yielded

Grains,
oxyde of lead — — 146
molybdic acid — — g5
Grs.
oxyde of iron {‘f E} — 5 2
and siliceous earth — o %
grs. 246 9
the loss was therefore — g 1
250 ©

which I am inclined to place principally to the account of the:
lead, as it is scarcely possible to decompose the sulphate of
lead without some loss, occasioned by the action of the alka-
line solution.

§ XII. Experiments on the yellow Molybdic Acid, obtained by
the Analysis.

A. When exposed to the blow-pipe on charcoal, it was
melted by the exterior flame, and the sides of the charcoal
were covered with small long crystals, which had a metallic

lustre resembling silver.*
When the heat was continued the whole was melted, and

® ScHEELE mentions a similar product obtained when molybdzna was exposed to
the blow-pipe. Essays, p. 230.—Also by sublimation. Essays, p. 238.—And Me-
moire sur la Molybdéne, par M. PELLET1ER. [Journ. de Pbysique, Uécembre, 1785,

P- 439-
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for the greater part absorbed by the charcoal, the edges of
which became covered with a blue powder.

When melted in a spoon of platina, some yellow powder
was deposited near the edges, and a brownish-yellow shining
matter was formed, which became streaked in cooling.

With borax it produced a brownish-yellow glass, but if the
quantity of molybdic acid was small, the colour was some-
times blue when the globule was heated by the interior flame.

With soda in the platina spoon it formed a brownish opaque
matter.

And with phosphate of ammoniac and soda it formed a
glass, which (in proportion to the quantity of molybdic acid)
varied from a greenish blue to a deep blue. _

B. Ten grains of the yellow molybdic acid were boiled
with six ounces of distilled water. About three grains were
dissolved, and the solution when filtrated was of a pale yellow
colour. .

It had scarcely any perceptible flavour, but turned litmus
paper red.

When prussiate of pot-ash was added to a portion of the so-
lution, no apparent change was effected ; I therefore added a
small quantity of nitric acid, which produced a copious brown
precipitate of molybdana. The sulphuric and muriatic acids
had the same effect, when poured into the solution, either be-
fore or after the addition of prussiate of pot-ash.

With muriate of tin it changed to a beautiful deep blue.

Lead was precipitated from solution of nitrate of lead, in
the form of a pale yellow precipitate, which was a regenerated
molybdate of lead.

Nitrate of barytes rendered the solution slightly turbid, but
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I did not find that the precipitate which subsided was soluble
in cold water, as ScHEELE has mentioned.*

The solution did not precipitate lime from nitric acid.

C. Ten grains of the yellow molybdic acid were dissolved
when digested with an ounce of concentrated sulphuric acid.

The solution as it cooled became blue.

Prussiate of pot-ash produced a reddish-brown precipitate.

Muriate of tin had not any effect.

When a portion of the solution was distilled to dryness, the
yellow molybdic acid was left in its original state.

The remainder of the solution was saturated with lixivium
of soda, by which the blue colour was heightened, and some
white flocculent matter was precipitated.

Prussiate of pot-ash added to part of this saturated solution
did not precipitate the molybdena, until the alkali was ag’a.m
supersaturated with an acid.

Muriate of tin poured into the solution saturated with alkali
changed it to a deep blue; but when the alkali was again
saturated with an acid the muriate of tin ceased to have any

effect.
The white flocculent matter which was precipitated when

® Essays, p. 234—ScHEELE does not mention the quantity of water which he
employed.

+ ScHEeEeLE observes that sulphuric acid dissolves a considerable quantity of mo-
lybdic acid, and that the sclution as it cools becomes blue and thick; but when
heated, the colour disappears, and returns again as the liquor grows cold. Essays,
P- 235.

t M. PeLLETiER says, that a small portion of molybdana is raised by sulphuric
acid when distilled with it; but I did not find it so with the molybdic acid,—Mem.
sur la Molybdéne, Fourn. de Physique, Decembre, 1785.

G
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the solution was saturated with soda, was edulcorated and
heated with nitric acid, by which it was converted into a
yellow powder, similar to the molybdic acid which had been
dissolved.

D. Ten grains of the yellow molybdic acid, when digested
in a strong heat with one ounce of concentrated muriatic acid,
formed a pale yellowish-green solution.

Prussiate of pot-ash precipitated the molybdzna.

Muriate of tin had not any effect.

A portion of the solution being distilled to dryness, left a
greyish-blue residuum.*

I then saturated the remaining part of the solution with
lixivium of pot-ash, by which the blue colour became more
apparent, and a much larger quantity of white flocculent
matter was precipitated than when soda was employed.

Prussiate of pot-ash did not affect this solution, until the
alkali was again saturated with an acid. |

Muriate of tin was precipitated by the solution saturated
with alkali, highly coloured with blue; but when the alkali
was again saturated with an acid, the muriate of tin had not
any eftect.f

* ScueELE has made the same observation. Essays, p. 235.

+ From the effects produced by muriate of tin on the molybdic acid dissolved in
water, in acids, and in alkalies, it appears that it always tends to deprive the molyb-
dic acid of a great part of its oxygen ; and when water is the menstruum, the muriate
of tin does this effectually; but when the molybdic acid is dissolved in sulphuric or
muriatic acid, the muriate of tin has not any effect, because (as I conceive) the
oxygen is supplied by the acid menstruum. This seems the more evident from the

effects produced by the muriate of tin when the excess of acid is saturated by an
alkali,
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Lastly, the white flocculent matter was boiled with nitric
acid, and became like the molybdic acid before it was dis-
solved.

E. Nitric acid did not appear to have any effect on the
molybdic acid when digested with it.

F. Two ounces of lixivium of earbonate of pot-ash were
poured on ten grains of the molybdic acid. |

In a few minutes, carbonic acid was gradually expelled, and
as the molybdic acid dissolved, a white flocculent matter was
deposited.

After it had stood some hours, the clear Ifquor was decanted
from the residuum.

Prussiate of pot-ash did not affect this solution. Some
nitric acid was then dropped in, and produced a reddish-
brown precipitate, which was redissolved until the acid was in
some excess,

- Muriate of tin, when added to a portion of the alkaline so-
lution, was precipitated white, but when some muriatic acid
was dropped in, the precipitate became blue.

The white flocculent residuum, when treated with nitric
acid as in the former experiments, was converted into the
yellow molybdic acid.

Another portion of the alkaline solution was evaporated to
one-fourth, and in proportion as the evaporation advanced,
some of the white flocculent matter was precipitated, but I
did not obtain any crystals.

G. Two ounces of lixivium of carbonate of soda were
poured on ten grains of molybdic acid.

In a few minutes carbonic acid was expelled, and when the
G e
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molybdic acid was dissolved, a small quantity of white floc-
culent matter was precipitated.

The clear solution was then poured from the residuum.

Prussiate of pot-ash did not produce any precipitate until
the alkali was saturated with an acid.

The effects of muriate of tin were also the same as those
mentioned in the former experiment.

A part of the solution was evaporated to half, and the next
morning I found crystals, which although not very distinet,
appeared to be in the form of four-sided tables with the angles
truncated.

These crystals dissolved in water without leaving any resi-
duum, and (when the solution was saturated with muriatic
acid) the molybdic acid was precipitated by prussiate of pot-
ash, as in the former experiments,

H. Two ounces of carbonate of ammoniac in solution were
poured on ten grains of molybdic acid, which appeared to
be more readily dissolved than when the fixed alkalies were
employed. :

The solution appeared slightly turbid, but very little of it
was precipitated. :

The effects produced by prussiate of pot-ash and muriate
of tin were the same as in the preceding experiments.

When a portion of the solution was distilled to dryness,.
part of the molybdic acid remained unchanged, but another
part was deprived of oxygen, and appeared in the form of a
dark grey powder.*

The remaining part of the solution was considerably eva-

® ScueeLe has observed a similar effect.
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porated ; and the following day I found a. striated yellowish
mass, which dissolved in water without leaving any residuum.
This solution resembled the former in every respect.

§ XIII. Molybdic Acid with Sulpbur.

In order to remove every doubt concerning the nature of
the yellow acid obtained by the analysis, I made the follow-
ing experiment.

I put 20 grains of the yellow acid and 100 grains of sulphur
into a small glass retort, and continued the distillation till the
bottom began to melt.

The residuum was a black substance, which was greasy to
the touch, stained the fingers black, communicated to them
a shining metallic lustre, and had all the other properties of
the mineral known by the name of Molybdzna.

I afterwards distilled this black matter with nitric acid,
which converted it into a yellow powder, similar in appearance
and properties to the molybdic acid which had been originally
employed.

§ XIV. General Observations.

It has been proved in the course of this paper that molyb-
date of lead can be decomposed in the humid way by the fixed
alkalies, although these have not any effect when boiled with
molybdana mineralized by sulphur.®* The state of the mo-
lybdaena in the two substances appears to be the cause of this

* ScueeLs’s Essays, p. 230 ; and Mémoire sur la Molybdéne, par M. PELLETIER.
Journal de Physique, 1785, p. 437.
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difference, for in the former it is oxygenated, but in the latter
I conceive it to be in the state of metal.

From the experiments of ScHEELE it also appears, that of
all the known acids only two have any effect on the sul-
phurated molybdana, and that these two are the nitric acid,
and that of arsenic. The latter, however, seems rather to act
on the sulphur than on the molybdana ; but the former com-
municates oxygen to both, so as to convert the one into sul-
phuric and the other into molybdic acid.

The rapidity with which nitric acid oxygenates molybdzna,
even to supersaturation, resembles the effects produced by the
same acid on some other metallic substances, particularly tin ;
for in both cases the acid ceases to act as soon as the silpersa-
turation with oxygen is effected ; and on this account the nitric
acid is unable to dissolve the molybdic acid.

Before I proceed, I must observe that whenever a solution of
the molybdic acid becomes blue, or tending towards that co-
lour, it is a certain sign that the molybdic acid has suffered a
diminution of oxygen. A variety of facts which prove this,
have been already brought forward in the different experi-
ments contained in this paper ; and I shall soon have occasion
to mention others,

Sulphuric acid can dissolve a considerable quantity of mo-
Iybdic acid; and the solution is always more or less of a blue
colour according to the quantity which is dissolved; and the
blue colour proves that the molybdic acid has parted with a
portion of oxygen ; but if the solution be heated, the blue co=
lour disappears, and returns again when the liquor becomes
cold *

* If lead or any other metal is present, the blue colour is permanent,



the Carinthian Molybdate of Lead. 47

The cause of this I believe to be a change produced by heat
in the respective degrees of affinity which prevail between the
metallic base and oxygen, and between the base of the acid
menstruum and oxygen ; so that when the solution is heated,
the affinity between the blue oxyde of molybdena and oxygen
1s increased, and a portion of oxygen therefore quits the acid
menstruum and combines with the blue oxyde, which then
becomes molybdic acid ; but as soon as the heat is dissipated,
the cause of this augmentation of affinity ceases, and the acid
menstruum receives again the portion of oxygen from the mo-
lybdic acid, which then returns to the state of a blue oxyde;
or if the heat is continued until the solution is distilled to dry-
ness, the residuum is the molybdic acid exactly in the same
state as it was before the solution was made, for the continua-
tion of the heat enables it to retain the portion of oxygen re-
quisite to constitute a metallic acid.

I do not therefore believe that the total quantity of oxygen
in the solution suffers alteration any further than that it is dis-
tributed in different proportions between the two acidifiable
bases, sulphur and molybdana, according to the temperature
of the solution.

As the affinity between azote and oxygen is comparatively
weak, the metal molybdena effects a decomposition of the
nitric acid, and acquires a sufficiency of oxygen to become
molybdic acid. But as the affinity between sulphur and oxy-
gen is greater than that of azote, and also under certain cir-
cumstances superior to molybdana, the latter requires the
assistance of heat to be able to retain a full portion of oxygen,
and this increase of affinity lasts no longer than during the
continuation of the heat.
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To corroborate this assertion, it will be proper to consider
the effects of muriatic acid on that of molybdana, especially as
the aflinity between the radical principle, or base of the mu-
riatic acid, and oxygen is known to be so great, that no
chemist has as yet been able to effect a separation of the con-
stituent principles.

It has been mentioned, that molybdic acid when dissolved
in muriatic acid also parts with some oxygen, and tinges the
menstruum with a green colour. But heat does not enable it
to take back the oxygen, for it augments the effects of the"
muriatic acid, which, when distilled, passes oxygenated into
the receiver, and the molybdic acid is converted into a bluish-
grey oxyde.*

These effects clearly prove, that heat in this case acts in-
versely to what it did when the nitric and sulphuric acids were
the menstrua. For then the increase of affinity was between
molybdzna and oxygen, but here it is in favour of the base of
muriatic acid ; so that by the continuation of heat, the muriatic
acid carries with it into the receiver a certain portion of oxygen
which it has taken from the molybdic acid, and the latter is
left in the state of an oxyde.

From this it appears that muriatic acid uniformly tends to
deprive the molybdic acid of a certain quantity of oxygen,
and that heat produces a contrary effect on this solution to that
which it did on the one made with sulphuric acid ; and heat
and cold do not therefore produce a change of colour.

I do not, however, believe that muriatic acid acts thus con-
stantly on all of those metals which can be dissolved by it ; on
the contrary, there is a muriatic solution which much re=

¢ Elémens d'Hist. Nat. ¢t de Chimie, par M, de Fourcroy, Tome II, P- 439-
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sembles the sulphuric solution of molybdic acid in the vicissi-
tudes of colour which it exhibits by heat and cold.

The phanomena which heat produces on the solution of
cobalt in muriatic or nitro-muriatic acid, called sympathetic
ink, have long engaged the attention of chemists and others,
but as yet great difficulties have occurred whenever an expla-
nation has been attempted.

There can be no foundation for the idea which some have
had, that the green colour (which characters traced with this
solution on paper assume when heated) is caused by a tem-
porary crystallization of the salt, and the disappearance of the
colour by a subsequent degree of deliquescence ; because any
quantity of the liquid becomes green when heated.

The effects caused by heat on the sulphuric solution of mo-
lybdic acid have therefore induced me to suspect a similar cause
in the muriatic solution of cobalt; and I believe that heat and
cold in like manner causes a temporary difference to take place
in the proportions of oxygen existing in the acid menstruum
and the oxyde ; and this is the more confirmed when the acid
is expelled by too great a degree of heat, for then the changes
of colour are no longer to be observed,

Heat, it is well known, assists the combination of oxygen
with the metals, but I do not believe that the abovementioned
alternate effects of heat and cold have been as yet investigated.

It is probable that these are not confined to the two in-
stances which have been adduced, although in other solutions
they may not be so apparent. The subject is certainly curious,
and worthy of the attention of chemists, as it would reflect
much light on the solutions of metals in general.

When the sulphuric or muriatic solutions of the molybdic

H
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acid are saturated with pot-ash or soda, they assume a very
deep blue colour at the moment of saturation. The molyb-
dena is not, however, precipitated in the form of the blue
oxyde, but for the greater part remains combined with the
acid menstruum and the alkali, and thus forms a triple salt in
solution, which differs considerably from another triple salt,
which is slowly precipitated at the time of saturation in the
form of a white flocculent matter, and is composed of the same
three ingredients, but contains the oxyde in the largest pro-
portion.

Sometimes a fourth ingredient becomes added to the last
mentioned white precipitate ; for when iron is present in the
sulphuric or muriatic solutions, it is precipitated by pot-ash
or soda intimately combined with the other ingredients; and
appears to render the decomposition of the precipitate very
difficult.

Although the triple salt which is in solution will pass
many folds of paper without leaving any residuum, yet it is
not permanent ; for by repeated evaporations, the neutral salt
resulting from thie combination of the acid menstruum and the
alkali becomes crystallized, and a white floceulent matter is
separated, which does not contain iron like that which was
precipitated when the acid solution was saturated with the
alkali, but can be converted into the yellow molybdic acid by
being distilled with nitric acid, which takes from it the small
portion of the acid menstruum and the alkali required to con-
stitute the triple salt, ;

It has already been observed, that nitric acid has not any
effect when immediately digested on molybdic acid, but I
have found it otherwise when a third substance was present ;



the Carinthian Molybdate of Lead. 51

and the effects were nearly the same whether this substance
was a metal or an alkali.

The portion of molybdic acid which I detected in the nitric
acid employed to purify the ore, and Mr. KLAPROTH's experi-
ments made with the same acid, prove the first, and the expe-
riment mentioned in § VIIL is a proof of the latter.

The phznomena which appeared in the last experiment
throw some light on the effects produced by nitric acid on
molybdzna ; for when the sulphurie and muriatic solutions of
the molybdic acid were saturated with pot-ash or soda, they
gradually changed to yellowish green, and so on to blue, in
proportion as the alkali was added ; but when nitric acid was
added to the alkaline solution, the change of colour was ex-
actly the reverse of the former, for the changes were then blue,
green, and yellow, in proportion to the quantity of nitric acid.

The cause of these effects I conceive to be the different de-
grees of oxygenation of the molybdana ; for when the first
portion of nitric acid was added, it rather combined with the
alkali than with the molybdic acid, and the latter was there-
fore in some degree separated with a diminution of the ori-
ginal quantity of oxygen, and consequently appeared as the
blue oxyde in solution. After this, the second portion of ni-
tric acid began to oxygenate the blue oxyde, and therefore
changed the colour of the solution to green; but the third ad-
dition of nitric acid acted immediately on the oxyde, turned
the solution yellow, and when assisted by heat, caused a quan-
tity of the yellow molybdic acid to be precipitated. The
alkali, however, appears to have impeded the complete sepa-
ration of the molybdic acid, and retained a part of it together
with the nitric acid, so as to form a yellow triple salt.

H e
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When the sulphuric and muriatic solutions of the molybdic
acid are saturated with ammoniac, triple salts are formed,
which are different in their properties from those which have
been described ; for the triple salts produced by ammoniac are
permanent, and do not appear to be decomposed by evaporation.

If iron is present in the acid solution (sufficiently diluted),
it is precipitated by ammoniac free from molybdic acid, espe-
cially when the menstruum is the sulphuric acid.

The affinity of the molybdic acid with muriate of ammoniac is
so great, that by sublimation it even in part quits lead to unite
with it, and then forms the blue triple salt, from which the
blue oxyde does not separate, but in proportion that it is de-
prived of oxygen by the gradual decomposition of the ammo-
niac caused by repeated sublimations.

When the sulphuric solution saturated with ammoniac is -
evaporated to a proper degree, the triple salt crystallizes in
the usual figure of the sulphate of ammoniac, but the colour
is bluish green. If, however, the evaporation is continued to
dryness, a pale greyisi:-blue salt is left, and by distillation this.
salt is decomposed (after the manner of the decomposition
which I have noticed in the sulphate of ammoniac), and the
molybdena remains in the form of a black powter, depriveh |
of oxygen. -

I think it necessary here to observe, that when molybdena
is not in the metallic state, it appears to me to suffer four
degrees of oxygenation. The first is the black oxyde ; the se-
cond is the blue oxyde ; the third is the green oxyde, which
(as it seems to be intermediate between an oxyde and an acid)
I am inclined to call molybdous acid, according to the dis-
tinction made by the new Nomenclature ; the last and fourth
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degree is the yellow acid, or that which is supersaturated with
oxygen.
- The affinity between molybdena and oxygen is but weak,
at least in respect to that portion which is required to consti-
tute molybdic acid ; for it has been proved, in the course of
these experiments, that considerable changes are produced by
a very small difference in the proportions of the acids or al-
kalies, and even by the degrees of heat. ScHEELE and.MTr,
IsLmanN have observed, that all of the metals, excepting gold
and platina, are able in the humid way to deprive the molybdic
acid of oxygen, so as to cause it to become blue; but here
their effects appear to cease. M. PeLLETIER found that a
solution of molybdic acid was turned blue when hydrogenous
gas was passed through it. Mr.KvrarroTH has also remarked
that light, under certain circumstances, changed the colour of
molybdic acid to blue. And the efiects of light appear in
some measure to be connected with the following experiment.

I made a solution of the molybdic acid, by digesting sul-
phuric acid on molybdate of lead, and diluted it with an
equal quantity of water. The solution was filtrated, and I
~ then added a solution of hepar sulphuris until the brownish-
red precipitate which was produced began to fall much paler.
After this the liquor was filtrated, and was of a pale beer
colour.

I placed it accidentally in an open glass jar, on a shelf near
a window, on which the sun shone during a great part of the
day, and was surprised to observe that in about two days it
began to assume a greenish tinge, which gradually became
deeper ; on the third day it was of a full green, on the fourth
it had a tinge of blue, on the fifth the colour was greenish-
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blue, and on the sixth day it was changed to a beautiful deep
blue.

The solution continued all the time to be transparent; and
although the vessel remained four weeks in the same situation,
the blue colour suffered no further change.

This solution much resembles that which ScHEELE disco-
vered in the course of his experiments on manganese; but the
apparent similar effects, I believe, are produced by opposite
causes ; for the changes of colour in the alkaline solution of
manganese appear to be effected by the absorption of oxygen,
but those of the molybdic solution are caused by a diminution
of the inherent quantity.

The contrast of the causes which operate on the two solu-
tions becomes the more evident when the effects which acids
produce on them are considered ; for when a few drops of an
acid are added to the solution of manganese, the changes of
colour are accelerated, not merely by the neutralization of the
alkali and consequent precipitation of the manganese, but (as
I conceive) by the accession of oxygen either immediately
from the acid, or from the atmosphere, which the manganese
is better able to absorb when the disengagement of it from
the alkali is thus assisted by the addition of the acid.* On the
contrary, if nitric acid is dropped into the molybdic solution,
the colour is immediately destroyed, in the same manner as

in all the other blue solutions of molybdana when oxygen is
 thus presented to them.

The facility with which molybdena parts with oxygen is
evinced not merely in the humid way, for M. PELLETIER
found that molybdic acid yielded oxygen to arsenic when

* ScHEELE’s Essays, p. 1c08.
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distilled with it, and that the latter was converted into a white
oxyde.

The same is also proved by my experiments on various
oxydes distilled with sulphate of ammoniac ; for the molybdic
acid was the only one which could thus be deprived of oxygen,
not excepting the tungstic acid, which has been supposed
much to resemble that of molybdeena.
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