




















Ut potero, explicabo ; nec tamen ut Pythius Apollo, certa ut sint et fixa, quse
dixero : sed, ut homunculus, probabilia conjectura sequens.

Tusc. Quast. Lib. I. ¢. 9.
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2 URANIUM, ANTIMONY, CHROMIUM, &c.

SECT. I

OF THE ATOMIC WEIGHT OF URANIUM.

It is sufficiently known, that uranium was dis-
covered by Klaproth, in a set of experiments
which he made on black blende, in 1789 ; that
the properties and some of the compounds of
uranium were examined by Bucholz, about the
beginning of the present century; and that M.
Schonberg made a set of experiments in Berze-
lius’ laboratory in 1813, in order to determine
its atomic weight. But by far the most elabo-
rate and instructive investigation of the proper-
ties of uranium and its compounds was made by
M. Arfwedson, and inserted by him in the Me-
moirs of the Stockholm Academy of Sciences for
1822. By the kindness of Mr. Heuland of Lon-
don, whose liberality I have so often experienced,
I was supplied with a sufficient stock of pitch-

- blende, to enable me to procure the oxides of
this metal in such quantities as put it in my
power to repeat such of Arfwedson’s experi-
ments as seemed to require examination, and to
determine the atomic weight of these compounds,

Method o 1 trust, with considerable accuracy.

obtaining Pitchblende obviously varies considerably in

peroxide of | i o ; :
uranium.  1ts composition, consisting, 1n fact, of a variety
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of minerals mechanically mixed. Galena and
copper pyrites may be occasionally observed in-
terspersed through it. Arfwedson informs us
that he found in it arsenic, cobalt, and zinc, in
addition to the iron, and copper, and lead which
had been noticed by Klaproth. In the speci-
mens of pitchblende which I examined I could
find no traces of arsenic, cobalt, or zinc; but
copper and iron existed in abundance, and like-
wise some lead. My method of obtaining the
peroxide of uranium was the following : The
pitchblende was reduced to powder, and digest-
ed in nitric acid till every thing soluble was
taken up. The solution was rendered as neutral
as possible by evaporation. A current of sul-
phuretted hydrogen gas was then passed through
it till every thing precipitable by that means was
thrown down. The precipitate was at first dark
brown, and it always retained that colour to the
very end ; not the least appearance of any thing
yellow (to lead to the suspicion of the presence
of arsenic) could be detected. The solution,
thus freed from copper and lead, was filtered,
and, after being heated to drive off the sulphuret-
ted hydrogen, was precipitated by caustic am-
monia. The precipitate thus obtained was
washed and separated on the filter ; and, while
still moist, was digested in a pretty strong solu-
tion of carbonate of ammonia. A fine lemon

yellow solution was obtained ; ‘and there remain-
A2
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ed a red insoluble matter, consisting chiefly

-of iron, which was not particularly examined.

Analysis of
ammonio-
carbonate
of uranium,

The solution in carbonate of ammonia being set
aside for a few days in a close vessel, a consi-
derable number of very fine rich yellow crystals
were deposited, consisting of four-sided right
prisms, with rectangular bases. This salt was
tasteless, and insoluble in water, and proved, on
examination, to be a compound of carbonate of
ammonia, percarbonate of uranium, and water.
It was analyzed in the following manner :

1. 49:875 grains of the crystals were put into
a small retort, and exposed to a heat not ex-
ceeding 400°, on the sand bath. There first came
over some moisture, and then carbonate of am-
monia sublimed. I did not succeed in weighing
the water and the carbonate of ammonia sepa-
rately, for the carbonate absorbed the whole of
the water, and became dry crystals ; but the total
loss of weight sustained by the salt was 18 grains.
The salt, by being thus deprived of its carbonate
of ammonia and water, had acquired a most
beautiful orange red colour. It still dissolved in
acids with effervescence, and therefore contained
carbonic acid. When strongly heated by a spirit
lamp, some water was disengaged, and some car-
bonic acid (mixed probably with oxygen gas)
and the peroxide of uranium was converted into
protoxide. It now consisted of black grains,
having considerable lustre. They were easily






Atom of
uraniumn
and its ox-
ides.

Protoxide
of uranium,

Peroxide
of uranium,
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peroxide of uranium weighs 28, and an atom of
protoxide 27 ; hence the atomic weight of ura-
nium in the metallic state must be 26.

2. It has been long known that uranium com-
bines with two proportions of oxygen, and forms
two oxides. Before proceeding farther, it will
be proper to give some account of these oxides;
because none of the chemical books which I have
seen contain any thing on the subject.

(1.) Protoxide of uranium, obtained by expos-
ing the percarbonate of uranium and ammonia
toared heat, is composed of small grains, hay-
ing a black colour, and a good deal of lustre ;
but when reduced to powder, it has a dark green
colour. It is soluble in muriatic and sulphuric
acid ; but the solution goes on very slowly, ex-
cept when the oxide is in the state of a hydrate.
The solutions are green, and the protoxide is
thrown down in the state of a brown coloured
hydrate, which dissolves very easily in acids,
forming a dark green solution. In nitric acid
the protoxide dissolves very readily with the evo-
lution of nitrous gas; and by this solution it is
converted into peroxide. The protoxide of
uranium is tasteless, and not altered by exposure
to the air. It combines readily with the acids;
all its salts have a green colour, and none that I
have tried is capable of crystallizing.

(2.) Peroxide of uranium has, I suppose, a
lemon yellow colour,—at least this is the colour
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by which most of its salts are distinguished.
Such is its tendency to combine with other bodies
that it seems impossible to obtain it in a sepa-
rate state. It dissolves with ease in nitric acid,
and forms a lemon yellow solution of great in-
tensity, which crystallizes and forms the nitrate
of uranium in fine lemon yellow crystals, having
the form of right four-sided prisms with square
bases. If we throw down the oxide from this
salt by caustic ammonia or soda, it retains these
alkalies in combination, from which it cannot be
freed by washing. If we throw it down by car-
bonate of ammonia, we obtain a yellow powder,
which is most frequently a percarbonate of urani-
um ; but sometimes, a triple salt composed of
carbonate of ammonia and percarbonate of ura-
nium. If we throw it down by potash or soda,
we obtain a beautiful orange red powder, which
is a triple compound of percarbonate of uranium
and an alkaline carbonate. Arfwedson has
shown, that if we mix together solutions of per-
nitrate of uranium and any earthy or metallic
nitrate, and add caustic ammonia or potash to
the solution, the peroxide of uranium precipi-
tates in chemical combination with the earthy or
metallic oxide present.

Thus it appears, that peroxide of uranium is
capable of uniting both with acids and with
bases ; so that it performs the double function

of an alkali and an acid. None of the simple
Al



Action of
reagents on
pernitrate
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salts into which it enters as a base crystallizes
except the nitrate ; but it forms many crystal-
lizable triple salts. I have examined

Persulphate of uranium and potash,
Permuriate of uranium and potash,
Percarbonate of uranium and ammonia,

all of which crystallize very well.
I shall here mention the action of various re-
agents upon pernitrate of uranium.

Prussiate of potash—A dark red brown precipitate,
somewhat similar to that of prussiate of copper.
Gallic acid or infusion of galls—Q, if the salt contain
an excess of nitric acid ; but if neutral, the precipi-
tate thrown down is very similar to that produced by

Pprussiate of potash.

8. Carbonate of soda—A light yellow precipitate, redis-
solved by an excess of the carbonate ; again precipi-
tated on heating the liquid.

Caustic soda—A yellow precipitate, redissolved by an
excess of the alkali. [Was this owing to the presence
of carbonate of soda? Arfwedson says it is not re-
dissolved by the caustic alkalies.]

5. Caustic ammonia—A fine lemon yellow precipitate, not

redissolved by an excess of alkali.

6. Carbonate of ammonia—A yellow precipitate, redissolved
by an excess of the carbonate : solution, lemon yel-
low.

Chromate of potash——A fine orange precipitate of great
intensity.

8. Phosphate of soda—A yellowish white precipitate.

9. Arseniate of soda—A white precipitate, with a slight

yellow tinge.

b

1

-

-t
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10. Tungstate of soda—A yellow precipitate.
11. Tartrate of potash—O.
12. Oxalate of potash—O.

Arfwedson says, that peroxide of uranium
is slightly soluble in water. Not having been
able to procure the oxide .in a separate state, I
was unable to determine the point ; but I found
it impossible, by washing, to deprive the percar-
bonate of uranium of the, property of giving a
greenish yellow colour to water: hence, I con-
ceive that salt to be slightly soluble in water.

8. M. Arfwedson passed a current of dry hy- Reduction
drogen gas over hot protoxide of uranium, and e,
by this means reduced it to the metallic state.
The metal thus obtained was in crystals, having
nearly the form of regular octahedrons: they had a
strong metallic lustre and a reddish brown colour.
This metal may be exposed to the air in ordi-
nary temperatures without alteration ; but when
heated, it undergoes a kind of combustion, and
is converted into protoxide of uranium. Arf-
wedson made two experiments to determine how
much loss protoxide of uranium sustains when
converted in this way into metallic uranium.
He found that

1-187 protoxide lost 0-042
1-468 — 0052

According to these experiments, 100 parts of
uranium combine, in order to be converted into
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protoxide, with the following proportion of oxy-
gen: '

By first experiment, with 3-66812
By second experiment, with  3-67231

Mean 5 . 4 8670215

He made two other experiments, the reverse of
the preceding. A quantity of metallic uranium
was exposed to a red heat in an open vessel : by
this means it was converted into protoxide, and
the increase of weight was determined. These
experiments were as follows :

(1.) 0636 uranium absorbed, 0-0285 oxygen.
(2.) 1-006 LR 00375

According to these experiments, 100 uranium,
when converted into protoxide, combines with

By first experiment . 3:69497 oxygen
By second experiment 4 372763
Mean 1 3 371130

Mean of first set 2 3670215

Mean of the wht;le v 3690757

This last mean, being the result of four careful
experiments made in different ways, may be con-
sidered to come as near the truth as can be ex-
pected by that mode of experimenting. Let us
see the atomic weight of uranium which results
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from this number :—If protoxide of uranium bea
compound of 1 atom oxygen and 1 atom ura-
nium, we have

3690757 : 100 : : 1 : 27-095 = atomic weight of uranium.

This i1s a little higher than 26—the result
which I obtained from the analysis of the triple
salt described above. If 26 be the true atomic
weight of uranium, as I think it is, then 100
parts of this metal, when converted into prot-
oxide, should combine with 3:8461 parts of oxy-
gen, which is only a little higher than Arfwed-
son’s last result. Indeed, I conceive it to be
almost impossible to come to the exact truth by
Arfwedson’s methods. I have repeated the whole
of his experiments with great care; but my re-
sults differ fully as much from each other as the
difference between 3738 and 384 : and some of
my results gave the quantity of oxygen as high
as 3-84.

4. M. Arfwedson made a set of experiments Arfwed.
likewise, to determine the quantity of oxygen in sments s
peroxide of uranium, which I shall state before e,
giving an account of those which I myself made Perozide of
with the same object in view.

(1.) He formed uraniate of lead by mixing
together solutions of permuriate of uranium and
muriate of lead, and mixing the liquid with
caustic ammonia. A yellow precipitate fell, con-

sisting of the two oxides chemically combined.
9
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He found by analysis that this salt was a com-
pound of

Peroxide of uranium 0:9912
Protoxide of lead 1:3088
2:3000

When 2-3 parts of this salt in an anhydrous
state were decomposed by hydrogen gas, the
water evolved weighed 0°164, containing 0-14577
oxygen. Now, by this process, both the oxides
were reduced to the metallic state: 1:3038 of
protoxide of lead contain 00935 oxygen, which
subtracted from 0-14577 leaves 0:0522 for the
quantity of oxygen contained in 0-9912 per-
oxide of uranium. It is easy from these data to
deduce the quantity of oxygen contained in 100
parts of peroxide of uranium :—it is obviously
5-2663 parts. ~ So that peroxide of uranium is
composed, according to this experiment, of

Uranium 100
Oxygen 5559

Another experiment was made with another por-
tion of uraniate of lead composed of’

Peroxide of uranium 1086725
Protoxide of lead 0-173275
1:260000

The water obtained weighed 0:0785, equivalent
to 010697 oxygen ; of this oxygen 0012377 be-
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longed to the protoxide of lead, the remainder,
amounting to 0°0574, existed in the peroxide of
uranium. It follows from these data that the
peroxide of uranium is a compound of

Uranium 100
Oxygen 5-5765

The mean of these two results gives us the con-
stituents of the peroxide as follows :

Uranium 100
Oxygen 5:56775

Now, if the atomic weight of uranium be 206,
and if the peroxide be a compound of 1 atom
metal and 2 atoms oxygen, its constituents
would be

Uranium 100
Oxygen 7-6928

The preceding experiments do not correspond
with this supposition. They agree more nearly
with the notion that the peroxide of uranium
contains 1} atom of oxygen :—for on this sup-
position, its constituents would be

1 atom uranium 26" or 100
1} atom oxygen 15 - 5-76923
2 275

This somewhat surpasses the result obtained by
Arfwedson, but not very much.
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(2.) He formed uraniate of barytes by mixing
together solutions of permuriate of uranium and
muriate of barytes; caustic ammonia being added,
the uraniate of barytes precipitated. It was has-
tily washed on a filter with boiling water, to pre-
vent the precipitation of carbonate of barytes ;
it was then dried and heated to redness, to ren-
der it anhydrous. Two experiments were made
with two different preparations of uraniate of
barytes. I shall state the results of each.

First. 1-343 of uraniate of barytes gave 0:295
sulphate of barytes, equivalent to 0:195 barytes.
The protoxide of uranium obtained from the
same salt weighed 1-121 ; now,

Barytes . o 0:195
Protoxide of uranium 1-121

1-316

The difference between 1-316 and 1-343 is 0°027,
which must be the oxygen driven off when the
peroxide of uranium was converted into protox-
ide. But 1-121 : 01027 : : 100 : 2:4085. It
appears from this experiment that 100 protoxide
+ 2:4085 oxygen = 102:4085 peroxide.

Second. 1456 uraniate of barytes gave 0:364
sulphate of barytes, equivalent to 0-2406 bary-
tes, and 1-186 protoxide of uranium. The
difference between these weights united, and
that of the uraniate is 00294, which must be
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the oxygen driven off when the peroxide of
uranium was converted into protoxide. Now,
1-186 : 0°0294 : : 100 : 2-4789. It appears from
this experiment that 100 protoxide + 2:4789 =
10247789 peroxide.

The mean of these two experiments gives us
peroxide of uranium composed of

Protoxide of uranium 100
Oxygen s 3 5 2:4437

Now, if the protoxide of uranium be a compound
of 26 uranium + 1 oxygen, it is obvious that 100
parts of it must contain 96:2963 uranium and
87037 oxygen ; and peroxide of uranium must
be a compound of

Uranium 962963 or 100
Oxygen 6-1474 - 6-3839

102:4437

The proportion of oxygen in the peroxide of
uranium, found by the analysis of this salt, ex-
ceeds considerably that obtained from the ana-
lysis of uraniate of lead. Though it does not
amount to two atoms, it exceeds 14 atom, being
very nearly 1% atom.

(8.) M. Arfwedson analyzed the potash sul-
phate of uranium in the following manner : 2:172
parts of the anhydrous salt were dissolved in
water, and precipitated by muriate of barytes.
- The sulphate of barytes obtained weighed 1-814
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parts, equivalent to 0:6149 sulphuric acid. The
filtered liquid was mixed with caustic ammonia
to get rid of the peroxide of uranium ; sulphuric
acid was then added, partly to separate any ba-
rytes which it might contain, and partly to sa-
turate the potash. The liquid was then evapo-
rated to dryness, and being heated to redness
to drive off the ammoniacal salt, there remained
0533 parts of pure sulphate of potash, equiva-
lent to 0-2907 potash. Thus he obtained the
sulphuric acid and the potash in the salt, and he
concluded that the deficit of weight was peroxide
of uranium. The constituents of the salt then are

Sulphuric acid e 06149 or 28311
Potash 5 : 02907 - 18-384
Peroxide of uranium 12664 - 58305

——— —_——

2:1720 100

Now, 18:384 potash are saturated by 11158 of
sulphuric acid. There remain 17:158 of sul-
phuric acid, which in the salt must have been
united with 58:305 of peroxide of uranium.

M. Arfwedson having obtained this result,
calculates the quantity of oxygen in the 58:305
parts of peroxide of uranium from a canon of
Berzelius; namely, that 100 parts of sulphuric
acid saturate a quantity of basis containing 20
parts of oxygen. From this canon it is obvious,
that 17-158 parts of sulphuric acid must saturate

a quantity of basis containing 34316 oxygen.
16
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This would give us peroxide of uranium com-
posed of

Uranium 548734 or 100
Oxygen 34816 - 6254

58-3050

But this canon of Berzelius is correct only
when the basis is a protoxide,and when the
salt is neutral, or a compound of 1 atom sulphu-
ric acid and 1 atom base ; for sulphuric acid is
capable of combining with bases in various pro-
portions. Sometimes 1 atom of the base unites
with 2 atoms of sulphuric acid. Bisulphate of
potash is a salt of this kind. In it the potash,
combined with a 100 parts of the acid, contains
only 10 parts of oxygen instead of 20. Some-
times 14 atom of sulphuric acid combines with
1 atom of base ; such combinations I distinguish
by the name of ses quisulphates.—The sesquisul-
phate of potash (did it exist) would be a com-
pound of such a nature, that the oxygen in the
potash, combined with 100 sulphuric acid, would
contain only 15 parts of oxygen.

As peroxide of uranium contains certainly
more than 1 atom of oxygen, the canon of Ber-
zelius cannot apply to it. As the triple salt, ana-
lyzed by Arfwedson, reddens vegetable blues
even after having been fused, there is a pre-
sumption that it contains more than 1 atom of

sulphuric acid united with 1 atom of peroxide of
Vor. I1. B
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uranium. = I shall show immediately that it con-
tains 14 atom of sulphuric acid united to 1 atom
of peroxide of uranium. Let us see, therefore,
what the atomic weight of peroxide of uranium
will be, if we consider 17:158 as representing 12
atom of sulphuric acid, and 58:305 as represent-
ing 1 atom of peroxide of uranium. It is ob-
vious, that two-thirds of 17-158 or 11439 must
in that case represent 1 atom of sulphuric acid.
Now, 11:439 : 58305 : : 5 : 25°486 = atomic
weight of peroxide of uranium. This is some-
what under the truth, as will appear immediate-
ly ; though it would have been very difficult to
have come nearer by Arfwedson’s method of
analysis ; for a portion of the peroxide of ura-
nium precipitates with the sulphate of barytes.
This caused him to overrate the quantity of sul-
phuric acid, and consequently to underrate, by
at least as much, the peroxide of uranium in the
salt.
- 5. I shall now relate the experiments which 1
made on this salt.

The peroxide of uranium which I employed
to prepare it was in the state of carbonate. It

uranium by had been thrown down from nitric acid by car-

‘bonate of ammonia, and I could not discover
any ammonia in it, either by the smell or by any
other reagent, when it was digested with caustic
“potash. Its constituents, by the most careful ana-

lysis of it which I could make, appeared to be
16 ;
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1 atom carbonic acid v 275

1 atom peroxide of uranium 28:00

1 atom water ; : 1-125
31-875

I took 81875 grains of this carbonate (equiva-
lent to 10 atoms peroxide of uranium) and
poured over it 18375 grains of sulphuric acid of
the specific gravity 1:847 (equivalent to 30
atoms acid) and a considerable quantity of
water, and digested the mixture on the sand
bath till a complete solution was obtained. I
thus employed twice as much acid as the re-
quisite quantity. The reason was, that the so-
lution goes on very slowly unless there be an
excess of acid. To this solution I added 110
grains of sulphate of potash (equivalent to 10
atoms of the salt) previously dissolved in water,
and evaporated the mixture. The triple sul-
phate was deposited to the very last from this
solution n a state of purity, without any crystals
of sulphate of potash ever appearing, showing
clearly that in the triple salt there exists just an
atom of each basis. When the liquid was re-
duced to a very small quantity, I was obliged to
employ a higher temperature to continue the
evaporation. The consequence was, that at last
the salt began to acquire a greenish tinge. This
effect was doubtless owing to the redundant sul-

phuric acid present. On account of this change,
B2
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the 40 or 50 grains of the salt, obtained at
the end of the process, were not employed in the
experiments to be immediately described.

The salt thus obtained was redissolved, and
evaporated a second time. It was obtained
partly in the state of small crystalline grains, and
partly in hard globular crystals, composed of
small needles diverging from a centre; but the
form of the crystals was too irregular to be de-
termined. This salt has a most beautiful lemon
yellow colour. TIts taste is very astringent, like
that of all the salts of uranium ; but it leaves
likewise an impression of bitterness.

(1.) 51 grains of these crystals were exposed
to a pretty strong heat (but not quite red heat)
in a platinum crucible. The process was stopped
when fusion seemed to be beginning—the reason
of this was, that in some previous trials I had
found that if the salt had been exposed to a
strong red heat, and had been completely fused,
it was not afterwards altogether soluble in water.
The loss of weight by this regulated heat was
exactly 4-5 grains, which is equivalent to 4
atoms water; from this experiment it follows,
that 51 parts of the triple salt contain 4 atoms
of water.

(2.) 51 grains of the crystals of the same salt
were dissolved in water, and the solution was
mixed with a solution of 83-125 grains of chlo-
ride of barium. A double decomposition took
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place ; and after the sulphate of barytes had
precipitated, the clear liquid was tested with glau-
ber salt and with muriate of barytes, but did not
become in the least muddy by the addition of
either, showing that it contained no sensible
quantity of barytes or. sulphuric acid; but
83:125 = 13:25 x 2'5. Consequently, 51 grains
of the salt contain 12:5 grains of sulphuric acid,
which is equivalent to 2} atoms of that acid.

(8.) 51 grains of crystallized salt were dis-
solved in water, and mixed with an excess of
ammonia, which precipitated the peroxide of
uranium in yellow flocks. The whole was
thrown upon a filter, and the peroxide was
washed repeatedly with caustic ammonia, till it
was judged to be freed completely from all ad-
mixture of sulphate of potash. This method
was employed, because it was found, that when
pure water was used to wash the peroxide of
uranium, a portion of it was redissolved. The
liquid which passed through the filter was eva-
porated to dryness in a platinum vessel, and then
the whole was heated to redness to expel all the
ammoniacal salt : the residual salt was white, with
a scarcely perceptible shade of yellow ; it weighed
11'2 grains. Being redissolved in water and
mixed with ammonia, a few yellow flocks were
precipitated, which being collected on a filter
and dried, weighed, as nearly as could be deter-

mined, exactly 0-2 grain : the salt possessed the
B3
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character of pure sulphate of potash.  Thus it
appears, that 51 grains of the crystallized com-
pound salt contain exactly 11 grains of sulphate
of potash.

(4.) 1 did not attempt to determine the weight
of the peroxide of uranium. As it was precipi-
tated it contained a quantity of ammonia united
to it. By exposure to a heat, very nearly but
not quite so high as a red heat, I drove off most
of the ammonia, if not the whole of it ; by which
the peroxide was deprived of its yellow colour,
and assumed a fine red with a shade of brown ;
and 81°8 grains, by this treatment, were reduced
to 28 grains. Hence, I consider the yellow pre-
cipitate as a compound of

1 atom peroxide of uranium 28

1 atom ammonia 2 . 2:125

11 atom water : 1-6875
31-8125

The matter driven off consisted partly of am.
monia and partly of water ; but it would have
been difficult to have determined the proportions
of each.

(5.) From the above analysis, which was made
with the most scrupulous care, it follows, that
51 grains of the crystallized compound salt
of uranium contained the following constitu-
ents:
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4 atoms water . ; 45
1} atom sulphuric acid . 7.5
1 atom sulphate of potash 11
23:0
Deficiency . . 28
51

This deficiency must consist of peroxide of ura-
nium ; consequently, 28 must represent the
weight of an atom of peroxide of uranium ; and
the compound salt must consist of

1 atom sesquisulphate § 1} atom acid 7'5} g

of uranium 1 atom oxide 28
1 atom sulphate of .potash b 8 ! 11
4 atoins water . - A " 4-5
51

ul~-

ide of uranium crystallizes very easily in large nitrate of
flat four-sided rectangular prisms. Its co- e
lour is a fine lemon yellow—its taste is astrin-
gent and acid, and it reddens vegetable blues,
even after having been three times dissolved in
pure water and crystallized—it is exceedingly
soluble both in water and alcohol—it melts in its
water of crystallization when exposed to a mo-
derate heat.

(1.) 5725 grains of the crystals of this salt

were gradually heated in a platinum crucible till
B4

6. The combination of nitric acid and perox- ;\mﬂyﬁs of
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the whole water and acid were driven off, and till
the uranium was reduced to the state of protoxide.
It now weighed 27 grains, which, from what has
been already stated, is equivalent to 28 grains of
peroxide.

(2.) 5725 grains of the crystals of the same
salt were dissolved in water, and the solu-
tion being mixed with about 30 grains of car-
bonate of barytes, was digested in a retort till
it had become perfectly colourless : the whole was
then thrown on a filter, which retained a yellow
powder, consisting of the peroxide of uranium
and the barytes, partly combined and partly
mixed. The liquid being evaporated to dryness
left 24-5 grains of nitrate of barytes, equivalent
to 10°023 grains of nitric acid. This is less than
14 atom of nitric acid by 01 grain, or almost
exactly one per cent. The reason of this defi-
ciency I found (after some trouble) to be owing
to the filter employed containing some sulphate
of lime, which decomposed a little of the nitrate
of barytes ; for I found distinct traces of lime in
the filtered liquid, though neither the carbonate
of barytes nor the salt of uranium contained a
particle of that earth. It is evident, then, that
5725 grains of the crystallized nitrate of urani-
um contain 10:125 grains of nitric acid, equiva-
lent to 13 atom of acid.

(3.) The remainder wanting to make up the
original weight of the crystals, amounting to

Akt Sl
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19:125 grains, must be the amount of the water
of crystallization. It is equivalent to 17 atoms
of water.

From the above analysis, which was very care-
fully conducted, it appears, that the salt is a
sesquinitrate composed of

1} atom nitric acid . 10-125

1 atom peroxide of uranium 28-000

17 atoms water . 5 19°125
(Y 5

7. When the pernitrate of uranium is exposed to
heat, it gives out water and nitric acid, and loses
the property of dissolving in water. In thisstate
it is probably a neutral pernitrate ; but my ana-
lysis of it was not successful.

8. Sesquisulphate of uranium. To form this salt sﬁ:ﬁ:ﬁ_of
I digested percarbonate of uranium in dilute sul- phate of
phuric acid for more than a fortnight, till the i
acid would dissolve no more of the oxide. The
yellow solution, thus formed, was evaporated to
dryness by a gentle heat: the saline residue was
redissolved in water, and the solution evaporated
a second time to dryness in a temperature rather
above 212°, and kept in that temperature till the
yellow residue was reduced to the state of a yel-
low powder. No appearance of crystals could
be perceived during the evaporation; but if a

portion of sulphuric acid be added to the liquid,
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and we evaporate cautiously to dryness, the dry
mass appears a congeries of small and ill-defined
prisms. .

The dry sulphate of uranium, thus formed,
had a fine deep yellow colour and an astringent
taste. It strongly reddened vegetable blues.
This salt was analyzed in the following man-
ner :

(1.) 86-8 grains of it were dissolved in distilled
water: several yellow flocks remained undis-
solved—these being collected and dried were
found to weigh 0°6 grain. Hence, the portion
of the salt dissolved was 36°2 grains.

(2.) The aqueous solution was precipitated by
ammonia. The yellow precipitate being collected
on a filter, and washed with water containing a
little ammonia, and then dried, was found to
weigh 282 grains. This matter being exposed
to a strong red heat in a platinum crucible, was
reduced to protoxide of uranium, and weighed
24°434 grains ; equivalent to 25:339 grains of
peroxide of uranium.

(8.) The liquid, thus freed from uranium, was
supersaturated by nitric acid and precipitated by
muriate of barytes. The sulphate of barytes
precipitated, being washed, dried, and heated to
redness, weighed 23:67 grains, equivalent to 8:02
grains of sulphuric acid.

(4.) From the preceding experiments it follows
that the constituents of the salt are
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Sulphuric acid 8:020

Peroxide of uranium 25-339

Water 5 . 3746
86-2

This is equivalent to

Sulphuric acid 8-862
Peroxide of uranium 28:000
Water . 3 4-13

8:86G2 approaches nearest to 14 atom of sulphu-
ric acid which weigh 7°5; and 4°13 comes near-
est to 4-5 which is 4 atoms of water. Hence, it
is probable that the salt is a sesquisulphate of
uranium mixed with a little bisulphate ; and we
may infer that the sesquisulphate of uranium,
supposing it pure and dried till it falls to pow-
der, is a compound of

1} atom sulphuric acid 75

1 atom peroxide of uranium 28

4 atoms water 45
40

I repeated this analysis several times with sul-
phate of uranium prepared in different ways, and
exposed to as high a temperature as it could
bear without acquiring a green tinge. Once I
obtained a persesquisulphate of uranium, com-
posed of
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1% atom sulphuric acid 75
1 atom peroxide of uranium 28
355

But in general the sulphuric acid was an in-
termediate quantity between 7°5 and 8:8; I
never came nearer 10 than in the analysis just
given.

I conclude from these experiments, that sul-
phuric acid and peroxide of uranium are capable
of uniting in two proportions, forming a bisul-
phate and a sesquisulphate ; and that in genei‘al,
both of these salts are mixed together.

9. Peroxalate of uranium. I dissolved 27
grains of the crystals of oxalic acid in water, and
digested the solution over 1275 grains of per-
carbonate of uranium, till the liquid refused to
dissolve any more. The undissolved portion be-
ing separated, dried, and weighed, was found to
amount to 837 grains. Hence, the portion dis-
solved weighed 438 grains.

Twenty-seven grains of crystallized oxalic acid
contain 135 grains of oxalic acid, equivalent to
8 atoms of that acid. 1275 grains of percarbo-
nate of uranium contain 84 grains peroxide of
uranium, likewise equivalent to 3 atoms. Now,
438 is very nearly the third of 127+5 ; hence, it
is obvious, that the solution was a teroxalate of
uranium, or a compound of
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8 atoms oxalic acid 185
1 atom peroxide of uranium 28

41-5

The solution being evaporated let fall yellow
crusts of the oxalate, which had little taste, and
were scarcely soluble in cold water. But they
dissolved in hot water ; the solution had an as-
tringent taste, and reddened vegetable blues.

10. Uraniate of potash. Arfwedson having Analysis of
shown that peroxide of uranium possesses the reg 3
properties of an acid, I wished to see whether 1
could form a definite compound of this oxide
and potash. For this purpose I digested on the
sand bath a quantity of percarbonate of uranium
in a pretty strong solution of caustic potash;
the yellow colour of the powder was speedily
changed into a deep orange, bordering on red,
and its volume diminished. The caustic potash
was poured off after two hours’ digestion, and a
fresh portion poured on, which was allowed to
digest on the powder for twenty-four hours.
The uraniate was then collected on a filter,
washed, and dried in a low heat. I now exa-
mined it in the following manner.

(1.) Nineteen grains of it were dissolved in
nitric acid 'in a balanced glass vessel. There
was a slight effervescence, and the loss of weight
amounted to 0'3 grain ; this loss was occasioned
by the escape of some carbonic acid gas.
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(2.) The nitric acid solution was evaporated
to dryness, to get rid of the excess of acid—the
dry mass re-dissolved in water, and precipitated
by ammonia. The precipitate, which was
orange, being collected on the filter, washed,
and dried, weighed 16+5 grains. Being exposed
to a red heat, it was reduced to protoxide of
uranium, and weighed 1404 grains ; equivalent
to 14-54 grains of peroxide of uranium.

(8.) The residual liquid was evaporated to
dryness in a platinum cup, and exposed to a
heat gradually raised nearly to redness. The
nitrate of ammonia was decomposed and driven
off, and there remained 27 grains of nitrate of
potash, equivalent to 1:223 grain of potash.

(4.) Thus the constituents of the salt were

Peroxide of uranium 1454
Potash 2 3 5 1-223
Carbonic acid . : 0:300
Water . - e 2:037
19-000

The carbonic acid was no doubt combined with
a portion of the peroxide of uranium, showing
that the carbonate had not been completely de-
composed. If we subtract the portion of per-
carbonate, amounting to rather less than 6}
grains, we shall find that the uraniate of potash
is a compound of
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2 atoms peroxide of uranium 56

1 atom potash 1 7 5 6

3 atoms water § 3 E 3875
65-375

The preceding details contain the most satis-
factory of the experiments which I made upon
this very difficult metal. I consider them my-
self as proving that the atomic weight of uran-
ium is 26; that its protoxide weighs 27, and
contains 1 atom of oxygen ; while its peroxide
contains 2 atoms of oxygen and weighs 28. But
some time after these experiments of mine had
been concluded, I had an opportunity of seeing
a paper on the Oxide of Uranium and its Com-
pounds, by Professor Berzelius, which that ex. Esperi-
cellent chemist has inserted in the Memoirs of Berzelius
the Stockholm Academy for 1823. Berzelius is oxides of
of opinion that the oxygen in the protoxide of ™™™
uranium is to that in the peroxides as 2:8. But
I have not been able to perceive any thing in his
experiments from which this inference can be
legitimately drawn. He analyzed three salts of
uranium ; namely, potash sulphate of uranium,
potash muriate of uranium, and oxalate of ura-
nium. ' I shall here state the results of these
analyses.

(1.) The constituents of potash-sulphate of
uranium he found as follows:
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Sulphuric acid ¥ 26-834
Peroxide of uranium 53833
Potash ; . 15833
Water . . 3 3:500

100-000

The reader will be better able to form an es-
timate of the constituents of this salt if I state
them in atomic proportions :

2} atoms sulphuric acid 1R:4 ATty 012

1 atom peroxide of uranium 28

1 atom potash . ; 6 + 2:308
1 atom water . : 1125 4+ 0:699

47625 4-207

Or we may state the constituents this way :—

1 atom sulphate of potash . 11
1 atom sesquisulphate of uranium 35-5
1 atom water . . . 1-125
Excess of sulphuric acid 3 12
potash . 2:308
water . . 0-699
51-832

The weight of the integrant particle of the salt
is not much higher than I found it, but instead
of the 4 atoms of water which I found, there is a
surplus of potash and sulphuric acid, and not in
such proportions that they saturate each other.

It is quite obvious, that this salt as it was
)
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examined by Berzelius, was not a pure chemical
compound of sulphate of uranium and sulphate
of potash, but contained an excess of one of
them mechanically mixed : this indeed Berzelius
admits. Consequently, no inference can be
drawn from the analysis just stated.

(2.) The potash-muriate of uranium was pre-
pared by dissolving muriate of potash in an ex-
cess of permuriate of uranium, and allowing the
salt to shoot spontaneously into crystals. The
crystals were four-sided oblique prisms, or rhom-
boidal tables. The salt was previously dried
in the temperature of 181°. From 1'5 gramme
of this salt, he got 1°61 gramme of fused chlo-
ride of silver, equivalent to 0408 muriatic acid.
The protoxide of uranium was 0-82, equivalent
to 085 peroxide of uranium, and the muriate of
potash was 0°412 gramme, equivalent to 02602
potash. According to this analysis the consti-
tuents of the salt are

Muriatic acid . 04080 or 26874
Peroxide of uranium 0:8500 - 55987
Potash X d 02602 - 17-189

1:5182 100-:000

Though Berzelius himself, owing to some inad-
vertancy, has stated the constituents of this salt

to be
Vor. 11. €
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Muriatic acid X 0-3075
Peroxide of uranium 08346

Potash : g 0-2606
Water . 5 00973
1-:5000

I examined this salt with a good deal of care,
and though, owing to an accident, I cannot state
the result of my analysis, yet 1 satisfied myself
that it exactly resembled the potash-sulphate of
uranium in its constitution, that is to say, that it
was a compound of 1 atom muriate of potash,
and 1 atom of sesquimuriate of uranium, and
without any sensible portion of water. Now,
the preceding analysis of Berzelius comes ex-
ceedingly near mine, as will be evident from the
following observations. The muriatic acid united
to 0-2602 potash, must have been 0:20057 ; for,

6 (the atom of potash) : 4-625 (the atom of muriatic acid)
: : 02602 : 0-20057.

Consequently, there remains 0-20743 muriatic
acid to saturate 0'85 peroxide of uranium. Now,
if muriatic acid be to the oxide in the‘proportion
of 1} atom to 1 atom, an atom of peroxide of
uramum will weigh 2843 ; for

0-20743 : 0:85 : : 6°9375 (1} atom muriatic acid) : 28-43.

I consider the analysis of Berzelius, therefore, to
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be a corroboration of my previous experiments.
The slight excess 043 (little more than one per
cent.) might be owing to the protoxide of ura-
nium not having been absolutely free from
foreign matter ; and the slight excess of weight
in Berzelius’ numbers above the weight of the
salt employed, rather confirms this view of the
matter. I think it therefore certain, that the
true constitution of potash-muriate of uranium is

1 atom sesquimuriate of uranium 349375
1 atom muriate of potash - 10-625

455625

But the salt formed by Berzelius contained an
excess of muriate of potash amounting nearly to
a fourth part. '

(3.) Peroxalate of uranium was also analyzed
by Berzelius. He does not inform us of the
method he employed to prepare it; but from
the result of his analysis it is evident that it con-
tained just twice as much peroxide of uranium
as my oxalate did. A quantity of this salt pre-
viously well dried was subjected to distillation in
a small retort. From 2:67 grammes of the salt
he obtained 0:358 gramme water, 0°5835 gramme
carbonic acid, and 17335 gramme uranium in
the metallic state, equivalent to 1-8668 peroxide
of uranium. Hence, the constituents of this salt

must have been
c2
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Peroxide of uranium 1-8668

Oxalic acid . 0+4502
‘Water X : 0:3530
2:6700

Now, this is equivalent to

RESULT OF EXPERIMENT.

1} atom oxalic acid P 675 6775

1 atom peroxide of uranium 28 27-925

21 atoms water \ 28125 2:8428
37-5625

Thus, the result of this analysis corresponds also
gxceedingly nearly with mine. The atom of
peroxide from this salt falls short of 28 a very
little ; while the number from the muriate gave
a result a little higher than 28.

(4.) Berzelius likewise formed uraniate of
barytes by precipitating a solution of pernitrate
of uranium with barytes water, and boiling the
precipitate in water till all the soluble barytes
was removed. 2:128 grammes of this uraniate
previously heated to redness gave 0-451 of ba-
rytes, and 1:677 of peroxide of uranium. These
determinations are merely given by Berzelius,
without stating the weight of the sulphate of
barytes and protoxide of uranium, from which
they were derived. This puts it out of my
power to apply any correction to them. Ac-
cording to this statement, uraniate of barytes is

composed of
9
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Peroxide of uranium 1677 or 36254
Barytes 2 5 0451 - 975

2:128
I suspect that the quantity of peroxide of ura-
nium has been underrated in Berzelius’ calcula-
tion, and that the uraniate of barytes, when
pure, is a sesqui-uraniate composed of

1} atom peroxide of uranium 42
1 atom barytes . . 975

Either this supposition is the true one, or the
salt contained a slight excess of barytes, owing to
the difficulty of washing it thoroughly : this last
is the notion which Berzelius entertains. The
composition of the salt may be stated thus :

11 atom peroxide of uranium 42
1 atom barytes . : 975 + 1:546

If this statement be correct, there was an excess
of 1:546 barytes, or almost #th of the whole ba-
rytes.
(5.) Berzelius has likewise given us an analysis Aualysis of
of uranmica from Autun, well known for its beau-
tiful yellow colour. He found its constituents
as follows :

Phosphoric acid . 14
Peroxide of uranium 56:813
Lime . 5 . 5:416
Water . o : 14250
90479

c3
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Now, if we consider it as composed of

4 atoms phosphoric acid 14
2 atoms peroxide of uranium 56
11 atom lime . . 5:26
12 atoms water . . 135
8875

we have almost the identical numbers of Berze-
lius. We may, therefore, represent the constitu-
tion of uranmica in this way :

2 atoms sesquiphosphate of uranium 665
1 atom subsesquiphosphate of lime 875
12 atoms water . . . 135

8875

The green uranmica, from Gunnis Lake mine,
in Cornwall, had been shown, by Mr. Richard
Phillips, to contain phosphoric acid. This in-
duced Berzelius to analyze it, and the result of
his experiments agrees very near with the num-
bers obtained by Phillips. He found its consti-
tuents :

Phosphoric acid . 14
Peroxide of uranium . 542
Oxide of copper 5 759
Water ¢ ; 4 13:54

89 33
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own in a very satisfactory manner; and seem to
leave no doubt that the atomic weight of ura-
nium and its oxides have been rightly deter-
mined.

The tendency which peroxide of uranium has
to form sesquisalts is very curious. It would
have led me to hesitate about the atomic weight
of this metal, had I not likewise met with se-
veral neutral compounds of the peroxide of ura-
nium and acids.

SECT. IL

OF THE ATOMIC WEIGHT OF ANTIMONY.

Tue laborious experiments of Proust and Berze-
lius to investigate the oxides of antimony are
well known to the chemical world. It is unne-
cessary to refer to them farther than to say,
that they guided me in my researches, and con-
tributed essentially to the accuracy of my re-
sults.

To obtain pure antimony I dissolved the anti-
mony of commerce in nitro-muriatic acid, and
precipitated the peroxide by means of water.
This oxide was well washed, dried, mixed with
black flux, and exposed to a red heat in a cover-
ed crucible. The metallic antimony thus ob-
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tained was exceedingly soft, and its specific gra-
vity was only 6424, at the temperature of 60°.
This is somewhat below the specific gravity of
this metal usually given by chemists.

1. 55 grains of this antimony were put into
a platinnm crucible, and dissolved by the assist-
ance of heat in nitric acid. The solution was
evaporated to dryness, and exposed for some
hours to a heat of 500°. A yellow coloured
powder was thus obtained, possessing the pro-
perties of peroxide of antimony ; it weighed 75
grains. Four different trials, made in the same
way, gave each the same result. Thus it ap-

pears that peroxide of antimony is a compound
of

Antimony 4 3 5:5
Oxygen . . 2O
75

It is evident that 55 is the atomic weight of Att‘l’;“;fy
antimony, and that peroxide of antimony is g por-
compound of 1 atom metal and 2 atoms oxygen.
Its atomic weight, therefore, is 7°5.

2. 7'5 grains of peroxide of antimony were Atom of

. A deutoxide.

kept for some time in a red heat; the colour
changed from yellow to white, and the weight
diminished from 75 to7. By this process the
peroxide was changed into deutoxide; for the

white powder possessed the well known proper-
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ties of deutoxide of antimony. The loss of
weight sustained in this ‘case was owing to the
escape of oxygen ; for, if 100 grains of peroxide
of antimony be heated to redness in a small
green glass retort, connected to a pneumatic
trough, the gaseous product evolved, which is
oxygen, amounts nearly to 19 cubic inches.

7:5 peroxide being converted into 7 deu-
toxide, it is plain that deutoxide of antimony is
composed of

Antimony . ¥ 55
Oxygen 5 : 1:5
7

Or, it consists of 1 atom of antimony united to
14 atom oxygen.

It is this deutoxide that is formed when any
of the other oxides of antimony is exposed to a
red heat. In this respect antimony and manga-
nese resemble each other ; for, whenever any
oxide of manganese is exposed to a low red heat,
it is always converted into deutoxide of manga-
nese, which, like the deutoxide of antimony, is
a compound of 1 atom manganese and 14 atom
oxygen.

8. It was unnecessary to subject the protoxide
of antimony to any analysis ; for, if we compare
Berzelius’ experiments on it with the analysis
of; the deutoxide and peroxide of antimony in
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residual matter in hot water, and evaporating
the solution in order to obtain the antimonite
which separated in the state of a white powder.
According to the analysis of Berzelius, the con-
stituents of the salt are

Deutoxide of antimony 766 or 19-641
Potash . . . 284 - 6

1000

It is obvious that the salt contained an excess
of deutoxide; had it been a binantimonite, it
would have been composed of

2 atoms deutoxide of antimony 14 or 70
1 atom potash 5 1 5 6 - 30
20 100

4. There are two chlorides of antimony, though
only one of them has hitherto been described ;
both of them may be easily obtained by dissolv-
ing sulphuret of antimony in muriatic acid,
and distilling the solution in a retort. There
distils off' a liquid having a straw yellow colour,
containing both muriatic acid and antimony.
The liquid in the retort, which was at first of
rather a deep yellow, becomes gradually lighter,
and at last quite colourless and transparent.
When the concentration has been carried a cer-
tain length, the fire must be withdrawn, and the
apparatus left untouched for twenty-four hours.
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A number of beautiful white scales, with a silky
lustre, gradually make their appearance at the
bottom of the liquid in the retort. These scales
may be taken out and dried upon blotting pa-
per: they do not deliquesce, and as far as I
have observed, undergo no alteration whatever
by exposure to the air. They may be dissolved,
at least partially, in water without undergoing
decomposition ; by digesting them with a solu-
tion of carbonate of soda, I decomposed them ;
and by collecting the oxide of antimony, and
determining the quantity of chlorine by means
of nitrate of silver, I found that these scales con-
stitute a dichloride of antimony composed of

1 atom chlorine 4-5
2 atoms antimony 11
155

If the muriatic solution of antimony, thus de-
prived of the dichloride, be still farther concen-
trated, till liquid no longer passes into the re-
ceiver, the whole matter in the retort concretes
on cooling into a solid mass, having a silky lus-
tre, and the property of deliquescing very ra-
pidly when exposed to the air. I have obtained
it crystallized in octahedrons, usually having two
of the opposite faces of the pyramids a good
deal larger than the other two. Frequently, the
octahedron does not terminate in a pointed sum-
mit, but forms a ridge; this is the substance
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formerly called butter of antimony, and usually
obtained by distilling a mixture of two parts
corrosive sublimate and one part antimony. Its
cofistituents are

1 atom chlorine 45
Je 1 atom antimony 53
10

as was shown long ago by Dr. John Davy.

5. The dark red substance long celebrated
under the name of kermes mineral, and constitu-
ting an excellent medicinal preparation, though
but little used in this country, was suspected by
Proust to be a compound of sulphuretted hydro-
gen gas and protoxide of antimony. Dr. John
Davy demonstrated the truth of this opinion by
showing that, when heated, it is converted into
common sulphuret of antimony and water.
When I published a similar set of experiments,
about four years ago, I did not recollect at the
time that I had been anticipated by Dr. Davy.
It is obvious from the experiment just stated,
that kermes mineral is a compound of 1 atom
sulphuretted hydrogen and 1 atom protoxide of
antimony. For sulphuretted hydrogen is a com-
pound of

ATOM, ATOM,
1 sulphur < 1 hydrogen
Protoxide of antimony of 1 antimony 4 1 oxygen

" The atom of sulphur combining with the atom

16
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of antimony forms an integrant particle of sul-
phuret of antimony; while the atom of hydro-
gen uniting with the atom of oxygen, forms an
integrant particle of water.

6. That sulphuret of antimony is composed of Sulphuret
one atom of each of its constituents, is obvious mony.
from the following experiment: 5°5 grains of
pure antimony in powder were fused with a
quantity of flowers of sulphur in a covered cru-
cible, the temperature of which was gradually
raised till the excess of sulphur was driven off.
The weight of the sulphuret formed was 75
grains; consequently, the antimony had combined
with 2 grains of sulphur. Now, 5°5 represents the
weight of an atom of antimony, and 2 the weight
of an atom of sulphur.

SECT. IIL
OF THE ATOMIC WEIGHT OF CHROMIUM.

Curomruym is a white coloured brittle metal,

which is not affected by the magnet, and which

combines with three proportions of oxygen, and

forms three oxides. The protoxide has a fine Oxides of
1 ? chromium.

green colour, the deutoxide is brown, and the

peroxide, commonly called chromic acid, has a

very deep yellowish red, or extremely dark
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orange colour. It is very soluble in water, and
possesses the characters of a strong acid.
1. The salts formed by the union of chromic
Chromates. acid and bases are called ckromates. They have
a yellow or a red colour; the chromates being
commonly yellow, and the bichromates red.
The bichromate of potash, being now used by
the calico printers, is manufactured in Glasgow
in very large quantities; it is a salt of a fine
orange red colour, having a bitter and metallic
taste, and is much less soluble in water than the
chromate of potash.* It contains no water of
crystallization, and as it bears a red heat with-
out decomposition, it may be easily freed from
all the water mechanically lodged between the
plates of the crystals. It has been demonstrated,
that in the bichromate of potash the quantity of
acid is just twice as much as in the chromate.
The bichromate reddens vegetable blues; but the
chromate is neutral, and, consequently, a com-
pound of one atom chromic acid and one atom
potash. Of course, the bichromate is a com-
pound of two atoms chromic acid and one atom
potash.  Either of these salts may be employed
to determine the atomic weight of chromic acid;
but the bichromate is much more easily pro-
cured in a state of purity, and therefore deserves
the preference.

* For an account of the chromate and bichromate of potash, the reader
is referred to the Annals of Philosophy, X VI, 321.
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2. Nineteen grains of anhydrous bichromate
of potash were dissolved in distilled water, and
in another portion of distilled water there was
formed a solution of 415 grains of dry nitrate of
lead. These two solutions being mixed together Analysis of
a double decomposition took place ; chromate of and Hehro-
lead was formed, and speedily fell to the bottom pess,
of the vessel, leaving a transparent colourless
liquid which was not affected by sulphate of
soda nor by nitrate of lead, and consequently,
contained no sensible quantity either of lead or
chromic acid. Thus it appears, that the oxide
of lead in 41°5 grains of dry nitrate of lead just
saturates the chromic acid in 19 grains of dry
bichromate of potash; but the oxide of lead in
415 grains of nitrate is 14 x 2 = 28 grains,
which is the equivalent for two atoms. Conse-
quently, 19 grains of bichromate of potash con-
tain a quantity of chromic acid just equivalent
to 2 atoms.

If, instead of 19 grains of bichromate, we take
12:5 grains of anhydrous chromate of potash,
and 2075 grains of dry nitrate of lead, the re-
sult will be just the same; namely, the whole
chromic acid of the chromate will be precipitated
in combination with the whole oxide of lead in
the nitrate. Consequently, 125 grains of dry
chromate of potash contain just the equivalent
of one atom of chromic acid.

The quantity of potash in 19 grains of bichro-
Vou. IL D
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mate and 12+5 grains of chromate of potash is

just the same. The only difference between the

two salts is, that the former contains two atoms

of chromic acid while the latter contains only

one. It is evident from this, that the difference
cf}ltr*:;:ﬁ‘;f between 19 and 12'5, which amounts to 6°5,
acid. must represent the weight of an atom of chromic

acid.

Chromate of potash is composed of

1 atom chromic acid — 65
1 atom potash = 6
12-5

Bichromate of potash consists of

2 atoms chromic acid == 13
1 atom potash = 6
19

3. Now, as there are three oxides of chro-
mium, the probability is, that the atomic weight
of chromium is 3-5, and that the three oxides
are composed as follows :

CHROMIUM, OXYGEN, ATOMIC WEIGHT.
Protoxide of 1 atom <4 1 atom 45
Deutoxide 1 atom -+ 2 atoms 55

Chromicacid 1 atom -+ 8 atoms 65

The protoxide combines readily with the dif-
ferent acids; but I have not been able to ob-
tain any of the salts which it forms in the state
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of crystals, and consequently, susceptible of
exact analysis. The muriate is a beautiful green
solution, which may be evaporated to dryness
without losing its colour. The sulphate is a
dirty pale green powder, not soluble in water.
Neither nitric, phosphoric, or acetic acids gave
better results.

To determine the nature of protoxide of chro- Atom of
mium I dissolved a quantity of chromate of pot- s A
ash in water, and added tartaric acid to the solu-
tion. An effervescence took place, and the so-
lution assumed a fine green colour, because the
chromic acid was converted into protoxide of
chromium. ~ Ammonia being poured into the
green coloured liquid, the protoxide of chro-
mium was precipitated. It was collected on a
filter, well washed with water, and dried in the
open air. In this state it constituted a fine
green powder, exceedingly light, tasteless, and
dissolving with facility in acids. I could detect
no ammonia, nor tartaric acid, nor potash, in this
powder ; but found it a combination of water 26 lydrate
and protoxide of chromium. 3375 grains of e ™
this hydrate were gradually heated to redness in
a green glass retort. Water was driven off
to the amount of 2025 grains, and there re-
mained a fine green powder, weighing 45 grains,
and still in the state of protoxide of chromium ;
but it dissolves in acids with great difficulty, or

not at all in several; because it is now anhy-
D2 ‘
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drous. The reader will observe, that 29:25
represents 26 atoms of water. Hence, if pro-
toxide of chromium weighs 4¢5, the hydrate of it
is a componnd of

1 atom protoxide of chromium 4.5
26 atoms water . ? 3 2925
397D

This hydrate appears perfectly dry; yet it con-
tains only “%ths of its weight of solid matter,
while {3ths consist of pure water. I am not
aware of any metallic hydrate that contains so
great a proportion of water, or so many atoms of
water as this one does.

?}{:;:zfz;f 3374 grains of this hydrate (containing 45
grains of protoxide of chromium) were dissolved
in muriatic acid, and the solution cautiously
evaporated in as low a temperature as possible
till the muriatic solution was reduced to the state
of a powder, apparently dry. It weighed 192:5
grains.  From this experiment it is obvious, that
the atomic weight of protoxide of chromium is
45 3 for the salt was neutral. Hence, every atom
of the oxide must have combined with an atom
of muriatic acid. The quantity being 45, equiva-
lent to 10 atoms, must bhave united to 46:25
(equivalent to 10 atoms) of muriatic acid. The
remaining 10125, wanting to complete the sum,
must be water, and it is equivalent to 90 atoms.
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Thus, we see that the constituents of this mu-
riate are

1 atom muriatic acid i 4625

1 atom protoxide of chromium 4-500

O atoms water . - 10-125
1925

for this is just the weight of salt formed from 4-5
of protoxide of chromium.

These 192'5 grains of muriate of chromium
were exposed in a close vessel to a heat raised
very slowly nearly to redness. It had not un-
dergone fusion, and was still a powder having
an olive green colour. It weighed 82 grains.
Had it been reduced to a pure anhydrous chlo-
ride of chromium, the weight would have been
80 grains; for it consisted (abstracting the
water) of

Muriatic acid 4625
Protoxide of chromium 45

9125

When converted into chloride it would lose 10
atoms of water, or 11°25. Now, 91:25 — 11°25
= 80. In the preceding experiment the muriate
had not been completely, though very nearly, re-
duced to a chloride. When I subjected the
muriate of chromium to a strong red heat, the

loss of weight was always too great, owing to
D3

Chloride of
chromium.
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the escape of chlorine; but these experiments,
though not absolutely exact, are sufficient ap-
Aok proximations to satisfy us that the atomic weight
and protox- Of chromium is 35, and that of the protoxide
e 45 ; and consequently, that it contains only 1
atom of oxygen combined with an atom of chro-
mium.
Destoxide,  The brown oxide, as usually prepared, neither
mous acid. combines with acids nor bases: yet it may be
made to combine with alkalies, and to form with
them a soluble compound. This was ascertained
in the following way :—on a quantity of chromate
of soda in crystals I poured some alcohol, and
digested the mixture: the yellow colour disap-
peared and the salt became green, owing to the
conversion of the chromic acid into protoxide of
chromium. This green matter was evaporated
to dryness, and digested repeatedly in nitric acid
—it assumed the colour of deutoxide of chromi-
um. The whole was then evaporated to dryness
to get rid of the nitric acid, and the residual
brown matter was dissolved in water : I obtained
a dark brown opaque liquid, which I concen-
trated as much as possible, ‘and then set aside in
order to obtain crystals ; but none would form.
The salt in this opaque liquid was obviously a
combination of deutoxide of chromium and soda.
It might, therefore, be called chromite of soda:
probably the other chromites might be obtained
by a similar process.
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When a ‘solution of chromate of potash is Bichromite
poured into a fresh solution of protosulphate of
iron, there is deposited a dark brown powder,
exceedingly similar, in its appearance, to the
mineral usually distinguished by the name of
chromate of iron. In this precipitate, theiron is
in the state of peroxide; it immediately robs the
chromic acid of a portion of its oxygen, and con-
verts it into deutoxide. The mineral has not yet
been analyzed with the requisite care ; but from
the analysis of Klaproth, it seems probable that
it is composed of

2 atoms deutoxide of chromium 9
1 atom peroxide of iron - 5

14

I am disposed, therefore, to consider it as a bi-
chromite of iron,—the chromate of iron, proba-
bly, doesnot exist.

Similar phenomena take place when chromate
of potash is dropped into protosulphate of man-
ganese.  Probably the black precipitate, which
I have not examined, is a chromite of manga-
nese.

SECT. IV.
OF THE ATOMIC WEIGHT OF MOLYBDENUM.

Bucnovrz first showed that molybdenum com-

bines with three proportions of oxygen. The
D4
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protoxide has a brown colour ; the deutozide, or
molybdous acid, has a purple colour when anhy-
drous, but a beautiful indigo blue when mixed
with water. The peroxide, or molybdic acid, is
white, or when hot, yellow.

1. Bucholz found that 100 parts of molybde-
num, when converted into molybdic acid, unite
with 49 or 50 parts of oxygen. Now, if this acid
be a compound of 1 atom metal + 3 atoms oxy-
gen, (as is likely, from the existence of three ox-
ides of molybdenum) it will follow, that the
atomic weight of molybdenum is 6, and that of
molybdic acid 9. For 50:100: : 3 : 6.

To verify this estimate, I exposed a quantity
of molybdate of potash to such a temperature as
I knew, from previous trials, was sufficient to
drive off all the water of crystallization. Fifteen

of potsh. grains of this anhydrous salt were dissolved in

water, and mixed with a solution of 2075 grains
of anhydrous nitrate of lead : a double decompo-
sition took place ; and molybdate of lead preci-
pitated in the state of a white powder. The
supernatant liquid was colourless, and was neither
affected by sulphate of soda nor by nitrate
of lead ; showing that it contained no sen-
sible quantity either of lead or of molybdic
acid.

We see from this experiment, that 15 grains
of anhydrous molybdate of potash contain just
the quantity of molybdic acid necessary to satu-
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rate the protoxide of lead in 2075 grains of ni-
trate of lead. But 2075 grains of nitrate of lead
contains 14 grains of protoxide of lead, which is
equivalent to an atom : 15 grains of anhydrous
molybdate of potash, therefore, contains a quan-
tity of molybdic acid equivalent to an atom. It
must be in combination with an atom of potash.
But as an atom of potash weighs 6, and the salt
15, it is plain that the weight of the atom of
molybdic acid must be 9; and the anhydrous
salt consists of

1 atom molybdic acid
1 atom potash

bt
UIIO:‘O

The molybdate of lead being collected and dried,
weighed 23 grains. Now, it contained 14 grains
of protoxide of lead ; consequently, its constitu-
ents are

1 atom molybdic acid =
1 atom protoxide of lead =1

2. Molybdate of potash crystallizes in small
four-sided right prisms, terminated by rhombic
bases. Its colour is white, with considerable
lustre ; it is opaque, and has a taste that puts

one in mind of that of a weak solution of potash ;
9
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it renders cudbear paper violet, however care-
fully washed and crystallized. When exposed
to the air it slowly “deliquesces ; this circum-
stance prevented me from being able to deter-
mine its water of crystallization. The salt dis-
solves readily in water, and the solution is trans-
parent and colourless.

The characters of molybdic acid being rather
imperfectly described in chemical books, I shall
here state the effects of the different reagents
upon a solution of this salt.

1. Prussiate of potash—Produces no change.

2. Gallic acid—Strikes a fine orange red, but occasions no
precipitate. :

3. Tincture of galls—Gives the same colour, and throws
down a bulky orange red coagulum.

4. A piece of tin, with a drop of muriatic acid—Strikes a
deep blue, and a dark blue precipitate falls.

5. Sulphuric acid—Throws down a chalk white precipitate,
redissolved in an excess of acid. When this solution
is evaporated nearly to dryness, it is colourless while
hot; but on cooling, assumes a very beautiful blue
colour, which continues, though the solutien be di-
luted with water.

6. Nitric acid—A white precipitate, redissolved by an excess
of acid. The solution being evaporated to dryness
leaves a yellow crust, which becomes white on add-
ing water.

7. Muriatic acid—The same. The solution being evaporat-
ed becomes green, and of a fine blue colour on add-
ing water.

8. Phosphoric acid | —A white precipitate redissolved by

9. Arsenic acid an excess of acid,



10.
11.
12.
13.
14.
15.

16.

17.

18.
19.
20
21.
29.
23.

e7.
28.
Q
30.
31.
32.

34.

MOLYBDENUM. 59

Chromic acid—A white flocky precipitate.

Acetic acid

Oxalic acid }—Nq effect.

Tartaric acid ‘

Muriate of lime—O.

Muriate of magnesia—O.

Muriate of barytes—A copious white precipitate in
powder.

Muriate of strontian—A copious white precipitate in
small flocks.

Alum—Numerous white flocks.

Sulphate of glucina—Ditto.

Nitrate of zirconia—Milk white flocks.

Nitrate of lead—A copious white flocky precipitate.

Nitrate of silver—Abundance of white flocks.

Nitrate of mercury—Abundance of yellowish white
flocks.

. Protosulphate of iron—Abundance of reddish brown

flocks.

. Sulphate of copper—Abundance of greenish white

flocks.

. Sulphate of zinc—A copious white precipitate in pow-

der.
Muriate of tin—A bulky dark buff precipitate in flocks.
Protomuriate of cerium—Numerous white flocks.

. Sulphate of nickel—Milk white flocks.

Nitrate of cobalt—O.

Soda-muriate of rhodium—OQO.

Muriate of platinum—A yellow precipitate, having the
appearance of triple muriate of platinum and potash.

. Aqueous solution of oxide of osmium—Q.

Protosulphate of manganese—A copious white flocky
precipitate.

From the preceding table it is obvious, 1.
16
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That molybdic acid is disengaged from potash
by sulphuric, nitric, muriatic, phosphoric, arse-
nic, and chromic acids; but not by acetic, oxa-
lic, or tartaric acids. 2. That molybdates of
potash, soda, ammonia, lime, magnesia, cobalt,
and rhodium are soluble in water. 3. That the
molybdates of all the other bases mentioned in
the table are insoluble in water, or nearly so.

Atomof 8. Bucholz formed molybdous acid by tritu-

molybdous

acid. rating in a mortar a mixture of 1 part metallic
molybdenum and 2 parts molybdic acid, with a
certain quantity of hot water, till the mixture as-
sumed a deep blue colour. I find that it is easily
formed by heating together a mixture of' molyb-
dic and muriatic acids, and continuing the heat
till the whole muriatic acid is driven off. The
molybdous acid formed in this way has a dark
purple colour, but becomes of a fine indigo blue
when water is poured on it. This acid effer-
vesces with nitric acid, and is converted into
molybdic acid. From Bucholz’s process for ob-
taining this acid, it is obvious that it is a com-
pound of 1 atom molybdenum and 2 atoms
oxygen ; consequently, its atomic weight must -
be 8.

g,rg:z;‘yig_e 4. No accurate experiments have been made

denum.  on the protoxide of molybdenum. My stock of
molybdenum was too small to enable me to en-
ter upon the investigation ; but, since the atomic
weight of molybdenum is known, and since it
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has been shown that molybdous acid is a com-
pound of 1 atom molybdenum and 2 atoms oxy-
gen, and molybdic acid of 1 atom molybdenum
and 3 atoms oxygen,—there is no reasonable
ground of doubt that the protoxide is a com-
pound of 1 atom molybdenum and 1 atom oxy-
gen. Thus the atomic weight and composition
of molybdenum and its oxides is

ATOMIC WEIGHTS,

Molybdenum X 3 g 6
MOLYBDEN, OXYGEN.

Protoxide of 1 atom + 1 atom 7

Molybdous acid 1 - + 2 - 8

Molybdicacid 1 - 4+ 3 - 9

5. Sulphuret of molybdenum exists native, Suiphuret
and is the mineral substance well known under S
the name of molybdena. 1t has a bluish colour,
and the metallic lustre; is soft and sectile, and
composed of thin leaves. It may be formed ar-
tificially, by heating together 1 part of molybdic
acid and 5 parts of sulphur. Bucholz analyzed
this sulphuret with sufficient accuracy, and
showed that it was a compound of

Molybdenum . 3 or 6
Sulphur . i BI04
10

It is, therefore, a bisulphuret, or a compound of
1 atom molybdenum, with 2 atoms sulphur.
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SECT. V.

OF THE ATOMIC WEIGHT OF TUNGSTEN.

Tue only chemist who has hitherto attempted to
determine the atomic weight of tungsten and its
compounds is Berzelius.* He has shown that
this metal combines with two proportions of
oxygen, and forms two oxides. The profozide
has a flea brown colour, and, when heated, burns
like tinder, and is converted into tungstic acid.
The peroxide, or tungstic acid, has a yellow co-
lour, when obtained from wolfram by the usual
process. When strongly heated, it becomes
green ; and, if we. prepare it by heating tung-
state of ammonia in close vessels, its colour is
blue.” Berzelius has shown that tungstic acid, of
all these three colours, is the same in its compo-
sition. He formed protoxide of tungsten by
putting tungstic acid into a glass tube, heating
it to redness, and passing a current of hydrogen
gas through the red hot acid, till it ceased to pro-
duce any farther change.

100 parts of this protoxide, when converted
into tungstic acid, became 107 parts. From this
experiment of Berzelius it is obvious that tung-

- stic acid is a compound of’

* Annals of Philosophy, ITI. 244,
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Protoxide of tungsten 100
Oxygen - 3 7
107

Berzelius endeavoured to determine the quan-
tity of oxygen in tungstic acid by a very ingeni-
ous experiment, but rather of too complicated a
nature to be capable of perfect accuracy. He
formed a sulphuret of tungsten, by heating 1 part
of tungstic acid and 3 parts of cinnabar in a
Hessian crucible. The mixture was covered
with charcoal powder; and the crucible, with a
flat lid on it, was exposed for half an hour to the
greatest heat which he could raise in a wind fur-
nace. The sulphuret thus obtained was a grey-
ish black-powder, which, when rubbed against a
polished surface, acquired the metallic lustre,
and resembled sulphuret of copper, but was ra-
ther more blue.

100 parts of this sulphuret were digested in
nitromuriatic acid, till the sulphur was acidified.
The sulphuric acid was thrown down by muriate
of barytes; and the sulphate of barytes formed
weighed 182 parts, equivalent to 24678 parts of
sulphur. Hence the sulphuret of tungsten is a
compound of

Tungsten ; o329
Sulphur c 24-678

100-000
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100 parts of the same sulphuret of tungsten,
heated in a platinum cup till it disengaged no
more sulphurous acid, left a brown powder,
weighing 935. This powder, being exposed
to a strong heat, became dark green, without
any alteration of its weight ; hence Berzelius
considered it as tungstic acid.

From this experiment it follows, that tungstic
acid is composed of

Tungsten 75822 or 80-558
Oxygen 18178 - 19:442

93-500 100:000

But 107 tungstic acid contains 100 protoxide of
tungsten and 7 oxygen ; or, its constituents may
be stated thus :

Tungsten ' 80°197
Oxygen . 20803
107-000

If from the 20803 we subtract 7, there will re-
main 13-808 for the oxygen in 100 parts of pro-
toxide of tungsten.

From this it appears, that the composition of
the oxides of tungsten is as follows :

Protoxide 86-197  tungsten -+ 13-808
Tungstic acid 86:197 = + 20-803

But 13:808 : 20-803 : : 2 : 3 very nearly. Thus
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it appears, that the oxygen in the protoxide Js
to that in the peroxide as 2 to 3; so that, if the
protoxide be a compound of 1 atom tungsten
and 1 atom oxygen, the peroxide must be a com-
pound of 1 atom tungsten and 14 atom oxygen.
Thus we see that the oxides of tungsten in this
respect resemble the oxides of iron, nickel, co-
balt, and cerium. .

I shall now state the experiments which [ Tunestate
made, in order to ascertain the atomic weight of nia.
tungstic acid.

1. I first prepared a considerable quantity of
tungstate of ammonia from wolfram, by heating
wolfram in powder alternately in muriatic acid
and ammonia, till the mineral was decomposed.
The ammoniacal solutions, when properly con-
centrated, deposited the tungstate of ammonia in
small brilliant crystals.

Of this tungstate I obtained two different va-
rieties. The first was crystallized in four-sided
rectangular prisms with rhombic bases. When
put into the mouth this salt appeared at first
tasteless, but in a short time it left a bitter im-
pression on the palate, which was succeeded by
a certain degree of sweetness mixed with a disa-
greeable metallic taste. This salt was so very
sparingly soluble in water, that the solution did
not answer well for determining the effect of re-
agents upon tungstic acid salts.

But in some of my other processes, I got a
Vor. II. E
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tungstate of ammonia which crystallized in silky
p’iates. Its taste was much stronger, though si-
milar, and it was much more soluble in water.
I employed this last salt to determine the action

of

reagents on its sglution. I shall state the

results which I obtainéd, conceiving them cal-
culated to throw considerable light on the affini-
ties and compounds of tungstic acid.

1.

® T S ovos o0

(=]

11.
12.
13.
14.
15.
16.
17.
18.
19.

Prussiate of potash—No effect at first ; but after a little
time a white precipitate falls.

. Gallic acid
—O,

. Tincture of galls
. Sulphuric acid—A white precipitate in flocks.

. Nitric acid—Ditto.

Muriatic acid—Ditto ; soluble in an excess of acid.

. Phosphoric acid—¢.
. Arsenic acid—Q.

. Acetic acid—(Q.

. Oxalic acid—Q.

Tartaric acid—Q.

Chromic acid—O.

Muriate of barytes—A white precipitate in flocks.

Muriate of strontian—Ditto.

Muriate of lime A white precipitate, which

Nitrate of lime }_ {disappears on agitation.

Muriate of magnesia—O.

Alum—A white precipitate in powder.

A fragment of tin with a drop of muriatic acid—White
flocks first separate, which gradually acquire a blue
tinge, and a deep blue colour surrounds the tin glo-

bule.

. Protosulphate of iron—A yellowish white precipitate in

powder.
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21. Persulphate of iron with excess of acid—Ditto ; redissol-
ved on agitation. :

22. Sulphate of nickel—O.

23. Nitrate of cobalt—A light pink precipitate.

24. Sulphate of manganese—A copious white precipitate in
powder. )

25. Sulphate of zine—A white precipitate, redissolved by
agitation.

26. Nitrate of lead—A white flocky precipitate.

27. Muriate of tin—A copious white flocky precipitate.

28. Sulphate of copper—A white precipitate in powder.

29. Nitrate of mercury—Copious milk white flocks.

30. Nitrate of silver—A copious white flocky precipitate.

31. Muriate of platinum—O.

32. Muriate of palladium—O.

33. Soda-muriate of rhodium—O.

From the preceding table it appears that sul-
phuric, nitric, and muriatic acids have a stronger
affinity for ammonia than tungstic acid; but
phosphoric, arsenic, chromic, and the vegetable
acids are incapable of disengaging that acid from
ammonia.

The tungstates of barytes, strontian, lime,
alumina, iron, cobalt, manganese, zinc, lead, tin,
mercury, copper, and silver are insoluble, or nearly
so. But tungstates of maguesia, nickel, platinum,
palladium, and rhodium are probably soluble in
water. ) '

Afier some attempts to analyze the tungstate
of ammonia, I was induced to abandon that salt
as not likely to yield satisfactory results, and to

have recourse to-tungstate of soda.
E?2
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2. Tungstate of'soda, formed by boiling toge-
ther a solution of carbonate of soda and tungstic
acid, till the liquid refused to take up any more
of the acid, was set aside after being concentra-
ted as far as possible, so as to retain the liquid
state. In about a week it shot into fine crystals
of tungstate of soda; these crystals were white
and semitransparent. The first time I obtained
them in pretty regular short six-sided prisms ;
but the second time I repeated the process,' the
salt shot into flat rhombic prisms. The lustre
of these crystals is silky; however carefully
washed, they give a violet colour to cudbear
paper, and restore the blue colour of litmus pa-
per reddened by acetic acid. Yet the solution,
from which they had crystallized, had been
boiled for nearly a fortnight with a considerable
excess of hydrated tungstic acid. The taste of
this salt is at first sweet, but it speedily becomes
an intense and pure bitter, almost exactly si-
milar to the taste of quassia.

3. After a considerable number of trials, which

it is needless to detail, I found that when 295
grains of these crystals are dissolved in water,

dry nitrate of lead, a double decomposition takes
place ; tungstate of lead precipitates in a white
powder, and the residual liquid is neither affec-
ted by sulphate of soda nor by nitrate of lead;
showing, that it contains no sensible quantity

!

|

1
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either of oxide of lead or of tungstic acid. The
tungstate of lead that had been precipitated,
being collected, washed, dried, and exposed to
a red heat, was found to weigh 3275 grains; but
it contained just the quantity of protoxide of
lead in 20775 grains of nitrate : which has been
shown before to amount to 14 grains. Hence,
it follows, that tungstate of lead is composed of

Tungstic 'acid 1875

Protoxide of lead 14

3275

14 being the equivalent for an atom of protoxide donof
of lead, and the salt being neutral, 18-75 must acid.
represent the atomic weight of tungstic acid.

4. 295 grains of crystallized tungstate of

soda being heated on the sand bath, gave out a
quantity of water, and fell into a white powder.
This white powder being heated to redness,
melted, and formed a kind of enamel, which it
was very difficult afterwards to separate from
the inside of the platinum crucible, to which it
had attached itself. The loss of weight amount-
ed to 6-75 grains. Now, 6-75 is the equivalent for
6 atoms of water.

Thus, we learn that 29+5 grains of crystallized
tungstate of soda contain 1875 of tungstic acid,
and 6775 of water. The remaining 4 grains'
must be soda, and the constitution of the salt

may be stated as follows :
E3
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1 atom tungstic acid + ISR YG

1 atom soda . . 4

6 atoms water x 3 675
20-50

The salt, while on the sand bath, lost 5:86 grains
of weight, so that the quantity which remained
was less than an atom. 4

5. From Berzelius’ experiments, related at the
beginning of this section, there is reason to con-
clude, that tungstic acid contains 3 atoms of
oxygen, and brown oxide of tungsten 2 atoms;
consequently, the atomic weight of tungsten
must be 15475, and that of brown oxide 17-75.

6. From my experiments on the tungstate of
ammonia, compared with the analysis of it by
Berzelius, I have little doubt that its constituents
are

2 atoms tungstic acid . 8735

1 atom ammonia 2:125

2 atoms water : 5 2:25
41-875

The quantity of the most soluble tungstate of
ammonia in my possession was too small to admit
of an accurate analysis, but it certainly contained

.a smaller proportion of acid than the least solu-

ble tungstate. Probably, therefore, it is a
compound of 1 atom acid and 1 atom ammo-
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nia; but this must be left for future investiga-
tion. s

7. Berzelius precipitated nitrate of lead by
means of bitungstate of ammonia; and obtained
a tungstate of lead composed of i

Tungstic acid . ! 34-866
Protoxide of lead G114
48-866

It was obviously a bitungstate, and quite differ-
ent from that which T obtained from tungstate of
~soda by means of nitrate of lead.

It is evident from this, that it would be hazard-
ous to attempt the analysis of tungstates by means
of nitrate of lead : the precipitate might be either
a tungstate or bitungstate of lead ; and most fie-
quently it would be a mixture of both.

SECT. VI.
OF THE ATOMIC WEIGHT OF COLUMBIUM.

Tris metal was discovered in 1801, by Mr.
Hatchett, in a black mineral in the British Mn-
seum, which had been sent by Dr. Winthorp to
Sir Hans Sloane, from Massachussets in North
America. Mr. Hatchett found the constituents

of'this mineral to be about
E4
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Columbic acid 3 A 75
Protoxide of iron . 5 18-9%
96-4

He gave the metal the name of columbium, from
Columbia, the poetical name for America ; be-
cause the ore which contained it came from that
quarter of the world.
Disovery  About two years after Mr. Hatchett’s paper
of tantalum. ¥ E 4 .
was published, there appeared in the Memoirs of
the Academy of Sciences at Stockholm, the ana-
lysis of two minerals by M. Ekeberg, to which
that gentleman had given the names of tantalite,
and yttrotantalite. 'The former of these minerals
was from Finland, the latter from the quarry of
Ytterby in Roslagen, Sweden. In both of these
‘ minerals Ekeberg discovered the oxide of a pe-
culiar metal, to which he gave the name of fan-
talum, because it was nearly insoluble in the min-
eral acids. In 1809, Dr. Wollaston demonstrated
that the columbium of Hatchett and the tanta-
lum of Ekeberg were one and the same metal.
Berzelius, alleging that the oxide examined by
Hatchett was merely a mixture of columbic and
tungstic acids, has thought proper to ascribe the
discovery of this metal to Ekeberg, and on that
account has adopted the name tantalum assigned
it by Ekeberg.
* Mr. Hatchett obtained 21 grains of peroxide of iron. But we know

from a subsequent analysis of Berzelius, that the iron in the ore is in the
state of protoxide.
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The evidence which Berzelius has advanced in
support of this opinion is the statement by Hat-
chett, that when his powder was fused with phos-
phate of ammonia before the blow pipe in a pla-
tinum spoon, the globule, when cold, had a deep
blue colour, with a tinge of purple. Now, it is
well known that tungstic acid produces this ef-
fect when fused with phosphate of soda ; where-
as, columbic acid melts with that salt into a white
transparent globule. Berzelius found tungstic
acid in some specimens of columbite, which he
examined, from the neighbourhood of Fahlun,
and he was informed that Ekeberg had examined
the columbic acid of Hatchett, and had found it a
mixture of the oxides of columbium and tungsten.

With respect to Mr. Hatchett’s experiment,
it will be impossible to account for it, unless we
suppose that some tungstate of potash, which he
was obviously using, as appears from his pa-
per, had accidentally got into the platinum spoon
and produced the blue colour of the bead. That
the specimen in the British Museum, examined
by Mr. Hatchett, contained no tungsten is next
to certain, because Dr. Wollaston did not find
any in it ; and though he made a trial on pur-
pose at my request, when Professor Berzelius in-
formed me of his opinion, he was still unsuccess-
ful. I conceive, therefore, that it is but an act
of justice to Mr. Hatchett to retain the name
columbium, which he originally imposed.
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Both Hatchett and Ekeberg had tried unsuc-
cessfully to reduce the oxide of columbium to
the metallic state. But Berzelius, Gahn, and
Eggertz, were more successful in the year 1815 ;
and Berzelius, in the fourth volume of the Af-
handlingar, published a detailed account of the
properties of this metal, and the result of a set
of experiments to determine the proportion of
oxygen with which it unites in order to be con-
verted into the white oxide, to which Hatchett
gave the name of columbic acid.

After these introductory remarks, I shall pro-
ceed to relate the experiments which I have
made in order to determine the atomic weight of
columbic acid.

1. 162 grains of oxide of columbium, which
I bad procured from the Finland mineral called
tantalite, was fused in a platinum crucible with
six times its weight of anhydrous carbonate of
soda : water was poured upon the fused mass to
soften it, and the crucible having been inadver-
tently left on the sand bath till the water was
driven off, I found the whole matter converted
into large, white, opaque prismatic crystals. The
quantity of salt and oxide having been too great
for the size of my crucible, I had been obliged
to divide it into two portions. After the first
portion had been washed out of the crucible, I
repeated the fusion with the second portion - the
fused mass was digested with water, aud the
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water driven off as at first. 'The result was pre-
cisely the same. I have been induced to give
an account of the appearance of these crystals as
a curious fact. I did not examine them, but
dissolved the whole in water, expecting that it
would be in my power to form them at pleasure ;
but none  of my subsequent attempts to obtain
similar crystals was crowned with success.

The aqueous solution of the fused mass con-
tained all the alkali, and the greatest part of the
oxide of columbium, but not the whole. To se-
parate this undissolved portion, which amounted
only to a few grains, the liquid was passed
through the filter. The liquid was now decom-
posed by sulphuric acid, in order to obtain co-
lumbic acid in the state of a hydrate. This hy-
drate was collected on the filter, and, being well
washed with water, was allowed to dry in the
open air.

2. Hydrated columbic acid thus obtained was
a white tasteless powder. When placed upon
litmus paper, it gave it a lively red colour; and
yet I could not detect in it the presence of any
acid. This property had been observed by Hat-
chett, and induced him to consider the oxide as an
acid. It was soluble in sulphuric and muriatic
acids ; but I could not succeed in saturating
these acids with it, nor indeed in perceptibly di-
minishing their acid properties ;—and though it
dissolved in the vegetable acids, as Dr. Wol-
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laston had discovered, no definite compound or
crystallizable salt seemed to be formed. Neither
could I succeed in saturating an alkali with it,
by boiling it in an alkaline ley, although I con-
tinued the process for several weeks.

The alkaline ley employed was a weak solu-
tion of caustic soda. The solution was at length
decanted off, and, being concentrated on the
sand bath, was set aside for 24 hours. Next
morning a number of crystals were deposited ;
they were white, had a most beautiful silky
lustre, and the form of scales similar to boracic
acid. Mr. Hatchett had formed similar crys-
tals, with potash and columbic acid; but neither
Dr. Wollaston nor Professor Berzelius obtained
any crystallizable salt in their experiments.

I found, likewise, that I could obtain similar
crystals, by concentrating the solution formed
by digesting water on a mixture of 1 part co-
lumbic acid and 6 parts anhydrous carbonate of
soda, fused in a platinum crucible.

8. Columbate of soda, as these crystals may
be called, had an alkaline taste, and rendered
cudbear paper purple ; but the salt contained no
excess of soda: for neither the taste nor the
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