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XX, Electro-Chemical Researches, on the Decomposition of the
Earths ; with Observations on the Metals obtained from the
alkaline Earths, and on the Amalgam procured from Ammonia,
By Humphry Davy, Esq. Sec. R.S. M.R. I. A.

Read June goth, 1808.

1. Intreduction.

IN the Philosophical Transactions for 1807, Part I. and 1808,
Part I. I have detailed the general methods of decomposi-
tion by electricity, and stated various new facts obtained in
consequence of the application of them.

The results of the experiments on potash and soda, as 1
stated in my last communication to the Society, afforded me
the ‘strongest hopes of being able to effect the decomposition
both of the alkaline and common earths; and the phenomena
obtained in the first imperfect trials made upon those bodies
countenanced the ideas that had obtained from the earliest
periods of chemistry, of their being metallic in their nature.*

* BrccHER is the first chemist, as far as my reading informs me, who distinctly
pointed out the relations of metals to earthy substances, see Phys. subt. Lipsia, 4to.
p- 61. He was followed by STanL, who has given the doctrine a more perfect form.
Beccuer’s idea was that of an universal elementary earth, which, by uniting to an
inflammable earth, produced all the metals, and under other modifications formed
stones. Stany admitted distinct earths which he supposed might-be converted into
metals by combining with phlogiston; see Staunr Fundament. Chym. p. 9. 4to, and
Conspect. Chem. 1. 77. 4to.—NEuman gives an account of an elaborate series of
unsuecessful experiments which he made to obtain a metal from quicklime. Lew1’s -
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834 Mr. Davy’s Electrochemical Researches on

Many difficulties however occurred in the way of obtaining
complete evidence on this subject: and the pursuit of the en-
quiry has required much labour and a considerakle devotion
of time, and has demanded more refined and complicated pro-
‘cesses than those which had succeeded with the fixed alkalies.

The earths like the fixed alkalies are non-conductors of elec-
tricity ; but the fixed alkalies become conducting by fusion: the
infusible nature of the earths, however, rendered it impos-
sible to operate upon them in this state: the strong affinity
of their bases for oxygene, made it unavailing to act upon
them in solution in water; and the only methods that
proved successful, were those of operating upon them by elec-
tricity in some of their combinations, or of combining them at
the moment of their decomposition by electricity, in metallic
alloys, so as to obtain evidences of their nature and properties. .

Nevman’s Chem. Works, 2d. edit. vol. i. p. 15. The earlier English chemical phi-
‘loséphers 'seem to have adopted the opinion of the possibility of the production of
‘metals from common earthy substances ; sece BoyLE, vol. i. 4to. p. 564, and Grew,
Anatomy of Plants, lec. ii. p. 242. But these notions were founded upon a kind of
alchemical hypothesis of a general power in nature of transmuting one species of
matter intc another. Towards the end of the last century the doctrine was advanced
ina more philosophical form ; BErcman suspected barytes to be a metallic calx, Prf.
Sciagrap. Reg. Min. & Opusc. iv. 212. Baron supported the idea of the probability of
alumine being a metallic substance, see Anpales de Chemie, vol. x. p.257.--Lavoisier
extended these notions, by supposing the other earths metallic oxides. Elements, 2d
edit. Kerr’s translation, p. z17. The general enquiry was closed by the assertion of
Tonp1 and RurecHT, that the earths might be reduced by charcoal 5 and:the acca-
rate researches of Kvarrorn and Savarest, who proved by the most decisive ex-
periments; that the metals taken for the bases of the earths were phos;)hure't‘s; of iroa,
«obtained from the bone ashes and other materials employed in the experiment, Annales
de Chemie, vol. viii p. 18. and vol. x. p. 257, 275. Amidst ail these bypotheses, potash
and soda were never considered as metallic in their nature ; Lavoisier supposed them
to contain azote ; nor at that time were there any analogics to lead that acute philo.-y»‘
sopher to a happier conjecture.
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T delayed for some time laying an arcount of many of the
principal results which I obta'ned before tiie Society, i the
hopes of being able to render them more distinct and satisfac-
tory ; but finding that for this end a more powerful battery,
and more perfect apparatus than I have a prospect of seeing
very soon constructed, will be required, I have ventured to
bring forwards the investigation in its present imperfect state ;
and I shall prefer the imputation of having published unfinished
labours, to that of having concealed any new facts from the
scientific world, which may tend to assist the progress of che-
mical knowledge. |

Methads emplo;ed fm decomposing the alkaline Earths.

, Barytes, strontites, and lime, slightly moistened, were elec-
trified by iron wires under naphtha, by the same methods, and
with the same powers as those employed for the decompo-
sition * of the fixed alkalies. Inthese cases, gas was copiously
evolved, which was inflammable; and the earths where in con-
tact with the negative metallic wires became dark coloured,
and exhibited small points having a metallic lustre, which,
when exposed to air, ‘gradually became white ; they became
white likewise when plunged under water, and when examined
in this experiment by a magnifier, a greenish powder seemed
to separate from them, and small globuleb of gas were d1s-
engaged. :

In these cases there was great reason to believe that
the earths had been decomposed ; and that their bases had
combined with the iron, so as to form alloys decomposible by
the oxygene of air or water; but the indistinctness of the effect,

* See page 4.
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and the complicated cifcums\tauce_s\ required for it, were sucls
as to compel me to form other, planq of operation.

The strong attraction of potassium for oxygene, induced me
to try whether this body might not detach the oxygene from
the earths, in the same manner as charcoal decomposcs the
common metallic oxides. :

I heated potassium in contact with dry pure hme, barytes,
strontites, and magnesia, in tubes of plate glass; but as I was
obliged to use very small quantities, and as I could niot raise
the heat to ignition without fusing the glass, I obtained in this
way no good results. The potassium appeared to act upon
the earths and on the glass, and dark brown substances were
obtained, which evolved gas from water; but no distinct
metallic globules could be procured: from these circumstances,
and other like circumstances, it seemed probable, that though
potassium may partially de-oxygenate the earths, yet its
affinity for oxygene, at least at the temperature which I em-
ployed, is not sufficient to effect their decomposition.

I niade mixtures of dry potash in excess and dry barytes,
lime, strontites, and magnesia, brought them into fusion, and
acted upon them in the voltaic circuit in the same manner as
that I employed for obtaining the metals of the alkalies. My
hopes were, that the potassium, and the metals of the ‘earths
might be de-oxygenated at the same time, and enter into com-
bination in alloy.

In this way of operating, the results were more distinct than
in the last: metallic substances appeared, less fusible than-
potassium, which burnt the instant after they had formed, and
which by burning produced a mixture of potash and the earth
employed ; I endeavoured to form them under naphtha, but
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without much success.. To proddce the restilt at all, reQulred
a charge by the action ‘of nitric acid, which the state of the
batteries did not permxt me often to employ ol and the metal
“was generated only in'very minute films, which could not be
detached by fusion, and which were instantly destroyed by
exposure to air.
T had found in my researches upon potassium, that when a
“mixture of potash and the oxides of mercury, tin, or lead, wa
electrified in the Vorrarc «i. .uit, the decomposmon was very
rapid, and ai amalgam, or an alloy of potassium was obtained ;
‘the attraction between the common metals and the potassium
-apparently -accelérating the separation of the oxygene.
The idea that a sirnilar kind of action might assist the de-
composition of ‘the alkaline earths, induced me to electrify
mixtures of these bodies and the oxide of tin, of iron, of lead,
of silver, and of mercury ; and these operations were far more
“satisfaetory than any of the others.
A mixture of two-thirds of baryfes‘an‘d one-third of oxid‘e
* The power of thxs combination, though it consisted of one hundred plates of
copper and zinc of six inches, and one hundred and fifty of four mches, at this time
was ot friore than equal to that of a newly constructed apparatus of one hundred and
Aifty, of four inches. ‘It had been made for the demonstrations in the Theatre of the
.Royal Institution in 18033 and since that time had been constantly emplayed
in the annual courses of Lectures, and had served in different parts, for the numerous
ebép‘erxmenfé on'the decomp051txon of bodies by electricity, detailed in the BakEer RIAN
Lectures for 1806 and 1807, and a number of the plates were destroyed by corrosion.
1 mention. ghese circumstances, because many chemists have been deterred from pur-
suing expe; iments on the decomposition of the alkalies and the earths, under the idea
thata very powerful combination was required for the effect. This, however, is far
from bemg ‘the ' case 5 all the experiments detailed in the text may be repeated by
means:of a VoLt aic battery, containing from one hundred to one hundred and fifty
plates of four or six inches.
 MDCCOVIIL, X x
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of silver very slightly moistened was electrified by iron wires ;
an effervescence took place at both points of contact, and
a minute quantity of a substance, possessing the whiteness of
silver, formed at the negative point. When the iron wire to
which this substance adhered was plunged into water con-
taining a little alum in solution, gas was disengaged, which
proved to be hydrogene ; and white clouds which were found
to be sulphate of barytes, descended from the point of the
wire.

A mixture of barytes and red oxide of mercury, in the
same proportions, was electrified in the same manner. A
small mass of solid amalgam adhered to the negative wire,
which evidently contained a substance, that produced barytes
by exposure to air, with the absorption of oxygene ; and which
occasioned the evolution of hydrogene from water, leaving
pure mercury, and producing a solution of barytes.

Mixtures of lime, strontites, magnesia, and red oxide of mer-
cury, treated in the same manner, gave similar amalgams, from
which the alkaline earths were regenerated by the action of air
or water, with like phenomena; but the quantities of metallic
substances obtained were exceedingly minute; they appeared
as mere superficial formations surrounding the point of the
wire, nor did they increase after the first few minutes of
electrization, even when the process was carried on for some
hours. ,

These experiments were made previous to April, 1808, at
which time the batteries were so much injured by constant use,
-as no longer to form an efficient combination. The enquiry was
suspended for a short time: but in May I was enabled to resume
it, by employing a new and much more powerful combination,
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constructed in the Laboratory of the Royal Institution, and con-
sisting of five hundred pairs of double plates of six inches
square.

When I attempted to obtain amalgams with this appa-
ratus, the transmitting wires being of platina, of about ;% of an
inchin diameter ; the heat generated was so great as to burn
both the mercury and basis of the amalgam at the moment
of its formation ; and when by extending the surfaces of the
conductors, this power of ignition was modified, yet still the
amalgam was only produced in thin films, and I could not
obtain globules sufficiently large to submit to distillation,
When the transmitting wires were of iron of the same thick-
ness, the iron acquired the temperature of ignition, and com-
bined with the bases of the earthsin preference to the mercury,
and metallic alloys of a dark grey colour were obtained, which
acted on water with the evolution of hydrogene, and were
converted into oxide of iron, and alkaline earths.

Whilst I was engaged in these experiments, in the beginning
of June, I received a letter from Professor BERzELIUSs of Stock—
holm, in which he informed me that in conjunction with Dr.
PonTin, he had succeeded in decomposing barytes and lime,
by negatively electrifying mercury in contact with them, and
that in this way he had obtained amalgams of the metals of
these earths.

I immediately repeated these operations with perfect suc-
cess ; a globule of mercury, electrified by the power of the
battery of 500, weakly charged, was made to act upon a
surface of slightly moistened barytes, fixed upon a plate of
platina. The mercury gradually became less fluid, and after
a few minutes was found covered with a white film of barytes;

XXz
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and when the amalgam was thrown into water, hydrogene
was disengaged, the mercury remained free, and a solution of
barytes was formed

The result with lime, as these gentlemen had stated, was
preciscly analogous.

That the same happy methods must succeed with strontites
and magnesia, it was not easy to doubt, and I quickly tried
the experiment.

From strontites I obtained a very rapid result; but from
magnesia, in the first trials, no amalgam could be procured. By
continuing the process however, for a longer time, and keeping
the earth continually moist, at last a combination of the basis
with mercury was obtained, which slowly produced magnesia
by absorpticn of oxygene from air, or by the action of water.

All these amalgams I found might be preserved for a con-
siderable period under naphtha. Ina length of time, however,
they became covered with a white crust under this fluid.
When exposed to air, a very few minutes only were required
for the oxygenation of the bases of the earths. In water the
am'a}gam of barytes was most rapidly decomposed : that of
strontites and that of lime next in order: but the amalgam
from magnesia, as might be expected from the weak affinity of
the earth for water, very slowly changed ; when a little sul-
phuric acid was added to the water, however, the evolution of
hydrogene, and the production and solution of magnesia were
exceedingly rapid, and. the mercury soon remained free.

I was inclined to believe that one reason why magnesia was
less easy to metallize than the other alkaline earths, was its
insolubility in water, which would prevent it from being pre-
sented in the nascent state, detached from its solution at the
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negative surface. On this idea Firied the experiment, using
moistened sulphate of magnesia, instead of the pure earth;
and I found that the amalgam was much sooner obtained:
Here the magnesia was-attracted from the sulphuric acid, and
~probably deoxygenated and combined with the quicksilver at
the same instant.

The amalgams of the other bases of the alkaline earths,
could, I found, be obtained in the same manner from their
sdline compounds.

1 tried in this way very successfully, muriate and sulphate
of lime, the muriate of strontites, and of barytes, and nitrate of
barytes. The earths separated at the deoxygenating surface,
there seemed instantly to undergo decomposition, and seized
upon by the mercury, were in some measure defended from
the action of air, and from the contact of water, and preserved
by their strohgfattraotion for this metal.

L Aitemj)ts to procure the Metals of the alkaline Earths; and
on their Properties.

"To procure quantities of amalgams suflicient for distillation,
I combined the methods I had before employed, with those of
‘M. M. Berzerius and PonTIN.

"The earths were slightly moistened, and mixed with one-
‘third of red oxide of mercury, the mixture was placed on a
plate of platina, a cavity was made in the upper part of it to
receive a globule of mercury, of from fifty to 60 grains in
weight, the whole was covered by a film of naphtha, and the
plate was made positive, and the mercury negative, by a pro-
per communication with the battery of five hundred.

The amalgams obtained in this way, were distilled in tubes
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of plate glass, or in some cases in tubes of common glass.
These tubes were bent in the middle, and the extremities
were enlarged, and rendered globular by blowing, so as to
serve the purposes of a retort and receiver.

The tube after the amalgam had been introduced, was
filled with naphtha, which was afterwards expelled by boiling,
through a small orifice in the end corresponding to the
receiver, which was hermetically sealed when the tube con-
‘tained nothing but the vapour of naphtha, and the amalgam.

I found immediately that the mercury rose pure by distilla~
tion from the amalgam, and it was very easy to separate a
part-of it; but to obtain a complete decomposition wasy very
difficult. ' :

For this nearly a red heat was required, and at a red heat
the bases of the earths instantly acted upon the glass, and
became oXygenated. “When the tube was large in proportion
to the quantity of amalgam, the vapour of the naphtha fur-
nished oxygene sufficient to destroy part of the bases: and
when a small tube was employed, it was difficult to heat the
part used as a retort sufficient to drive off the whole of the
mercury from the basis, without raising too highly the tem-
perature of the part serving for the receiver, so as to burst
the tube.*

In consequence of these difficulties, in a multitude of trials,
I obtained only a very few successful results, and in no case
could I be absolutely certain that there was not a minute por-
tion of mercury still in combination with the metals of the
earths.

* When the quantity of the amalgam was about fifty or sixty grains, I found that
the tube could not be conveniently less than one-sixth of an inch in diameter, and of
the capacity of about half a cubic inch,
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In the best result that I obtained from the distillation of
the amalgam of barytes the residuum appeared as a white
metal of the colour of silver. It was fixed at all common
temperatures, but became fluid at a heat below redness, and
did not rise in vapour when heated to redness, in a tube of
plate glass, but acted violently upon the glass, producing a
black mass, which seemed to contain barytes, and a fixed
alkaline basis, in the first degree of oxygenation.*

% From this fact, compared with other facts that have been stated, p. 336; it may
be conjectured, that the basis of barytes has a higher affinity for oxygene than
sodium; and hence, probably the bases of the earths will be more powerful instru- .
ments for detecting oxygene, than the bases of the alkalies.

I have tried a number of experiments on the action of potassium on bodies
supposed simple, and on the undecompounded acids. From the affinity of the
metal for oxygene, and of the acid for the substance formed, I had entertained the
greatest hopes of success. It would be inconsistent with the object of this paper to
enter into a full detail of the methods of operation; I hope to be able to state them
fully to the Society at a future time, when they shall he elucidated by further
researches ; I shall now merely mention the general results, te shew that I have not
been tardy in employing the means which were in my power, towards effecting these
important objects.

When potassium was heated in muriatic acid gas, as dry as itcould be obtained by
common chemical means, there was a violent chemical action with ignition ; and
when the potassium was in sufficient quantity, the muriatic acid gas who!ly disap-
peared, and from one-third to one-fourth of its volume of hydrogene was evolve'f
“and muriate of potash was formed. '

'On fluoric acid gas, which had been in contact with glass, the potassium produced
a similar effect; but the quantity of hydrogene generated was only one-sixth or
one-seventh of the volume of gas, and a white mass was formed, which principally
consisted of fluate of potash and silex, but which emitted fumes of ﬂuonc acid
when exposed to air.

When boracic acid, prepared in the usual manner, that had been ignited, was
heated in a gold tube with potassium, a very minute quantity of gas only was liber-
ated which was hydrogene, mixed with nitrogene, (the last probably from the com-
mon air in the tube); borate of potash was formed, and a black substance, which

became white by exposure to airs
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‘When exposed to air, it rapidly tarnished, and fell.into a
whxte powder, which was barytes  When, thlsfprocess rwas
kcond'ucted 'n{ a small portion of alr the o*(ygene Wa,s fenad

b e for m; to be able to examme correctly, en;her lts phyi-
sical or chemical propertxes. It sunk rapidly in water,.and
even in sulphuric acid, though surrounded by globules of
hfdrogene, equal to two or three tlmes its, volume. from
Which it seems probable that it canngt ‘‘‘‘‘ )J,eas t;har;ﬁ four or
ﬁve tlmes as heavy as Water It ﬂattened by. pressur@b but

requlred d conmderable force for thlS eﬂect

- Anall thes;z instances there Is great reason to believe that the hydragene was produced
from the water adherm to the ac1ds 3 ‘and the different proportions of i it, m the (hﬂ-
ferent eases, are a strong prdof of thxs opinion. ,Admlttm'g this 1déa,
muriatic acid: gas must. Gontain at least: one—elghth or one-tenth of its'w i*ghtot water
and that the water oxygenates in the experiment a quantity of potassitng; safficiént'to
absorb the whole of the acid.

In the cases of fluoric and boracic acids, | there is probably a decom osition of these
bodtes theblack substance produced fmm the boracic acxd is Similar tw Lhat w 1ch I
had. obtained from it: by electricity “The quantitiest that I have: opératetf upgn zﬁave
been as. yet too small to. enable.me to separate and examine the products, ‘andill
this is done, no ultimate concluslon can be drawn.

The action of potassium upon muriatic acid gas, mdncates a  much lar ger ua%my
of water in this substance, than the action of electricity in Dr. Henk ¥ ela (ilate ex-
periments ; but in the one instance-the acid enters into a solid salty dnd: ‘ih f%eﬁtﬂﬁhft
remams aeriform ; and the d:ﬂ'xculty of decomposition by electricity, st §ng;‘é;g$e i
propomon as the quantlty of water dxmmxshes, so that at. the apparent maxamu
electrxcal effect, there is no reason to suppose the gas free from water. o
. wThose ;pérsons\‘who‘.have,sup.posed hydrogene to be the basis of muridtic a¢ g
pcrhapg, give another solution of _the phenomena, and consider the gapetimént I Mave
detailed as a proof of this opinion.
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The metal from strontites sunk in sulphuric acid, and ex-
hibited the same characters as that from barytes except in
producmg strontltes by oxydatlon

‘The metal from lime, I have never been able to examine
exposed to air or under naphtha. In the case in whlch 1 was
able to distil the qulcksdver from it to the greatest extent, the
tube unfortunately broke, whilst war’n and at the moment
that the air entered, the metal Wthh had the coIour and
lustreof s11ver, mstantly took fire, and burnt with an intense
white hght into quicklime.

The metal from magnesia seemed to act upon the glass,
even bef‘ore the whole of the qulcksﬂver was dxstﬂled from
it. Inan experlment in whlch I stopped the process before
the mercury was entlrely drlven oﬂ‘ 1t appeared as a sohd
having the same whiteness and lustre as “the other metals of
the earths. It sunk rapldly m water, though surrounded by

Tyiata ks

globules of gas, produorng magnesm and qmcldy changed in
air, becoming covered with a” white crust, and falling into a
fine powder, which proved to be magnesia.

dn several cases, in which amalgams of the metals of the
earths containing only a small quantity of mercury were ob-
tained, I .exposed them to air on a delicate balance, and
always found that durmg the converswn of metal into earth,
there was a conmde bie m rease of welght

I endeavoured to asCertam the proportlons of oxygene, and
bases ,in barytes and strontxtes by heatxng amalgams of them
in tubes filled, with oxygene, but ‘without success. I satlsﬁed
myself ho‘ ever that when the metals of the earths ‘were
burned in a small duanuty of alr they absorbed oxygene,

MDCCCVIIL, Yy y
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gained weight in the process, and were ln the hz&hl{ eaume_
or unsiocked state; for they produced strong heat by the
contact of water, and did not effervesce during their solulxon
inacids,

The evidence for the composition of the alkalme earths is
then-of the same kind as that for the com position of th\. [ nn-'
mon. netallic oxides; and the. prmcxpleb of thelr decomposh
tion-are. premsely simijlar, the mﬂammable matters in all cases
separating .at the: negatlve surface i in the VOLTAIC cireuit, ‘and
the oxygene at the positive surface..

These new substances will demand names ; and Qn the same
prmuples as I have named the bases of the cﬂ‘kahes‘
potassium. and sodium, 1 _shall venture to _denom mate the
metals from the alkaline earths banum strontlum calcwm
and magnium; the last of these words is undoubtedly ob-
jectionable, but. magnesmm * has been already apphed 10

metallic manganese, and would consequently have been an
equivocal term.

IV Enquiries relative to the Decomposition of Alumine, Stlex,
‘ - Zircone, and Glicine.

I tried the methods of electrxzatlon and combination with
qmcksﬂver, and the common metals, by which I ‘had ‘suc-
ceeded in decomposmg the alkaline earths, on alumine and

silex ; but without gammg distinct ev1dences of their havm«
undergone any change in the processes.

Obliged to seek for other means of acting upon. thern)’ it
was necessary to consider minutely their relations to other

* BerGman. Opusc. tom, ii. p. 200,
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bodies, and to search for analogies by which the principles of
research might be guided. |

‘Alumine very slowly finds its point of rest at the negative
pole, in the electrical circuit ; but silex, even when diffused
in its gelatinous state through water, rests indifferently at the
negative or positive poles.

From this indifference to positive and negative electrzcal
attractlons following the general order of facts, it might be
mferred that if these bodies be compounds, theelectrical:
energies of their elements are nearly in equilibrium ; and that
their state is either analogous to that of insoluble neutral salts,

: or of ox1des nearly s saturated with oxygene.
The combmatlons of silex and alumine, Wlth acids and alka-
: hes, as weH as their electrxcal powers, were not inconsistent
with either of these ideas ; for in some respects they resemble
in phys1ca1 characters, fluate and phosphate of lime, as much
as in others, they approach to the oxides of zinc and tin.

On the idea that silex might be an insoluble neutrosaline

- compound, containing an unknown acid or earth, or both, and
_capable of being resolved into its secondary elements, in the
- same manner as sulphate of barytes, or fluate of lime, I made
-the following experiments.

Two gold cones,* connected by moistened amianthus, were

s ﬁlled with pure water and placed in the electrical cir-

cuit, a small quantity of carefully prepared and well washed

silex was mtroduced into the positive cone: the action was

~kept up from a battery of two hundred plates for some hours

-till nearly half of the fluid i in each cone was exhausted the

remainders were examined ; the fluid in the cone contammg
* The same as those described in Phil, Trans. 1807, p. 6.

Yye
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thecsilex ‘wad:stroh gly acid 3 that in thé- oppositecone was
strongly alkaline ; the two fluids were passed throughbibu-
Aous paper and niixed together when a precipitite: fell déwn,
awhich proved to be silex.
On:the first view of the ‘subject, 1t appeared p*robab e that
this silex had been formed by the Union. of the acid and the
falkalme matter in the two cones, and that t'he ‘experiment
demonstrated a decom posmon and recomposmon of silex 5 but
before such a conclusion coulld Be ‘made, Many points were to
*be determmed
- It was possible that the amd mlght be hitric acid, produced

‘asiin otlier electrical experlments of a similar nature; and thiat
3 this’ amd mlght have dxssolved ‘silex, which was précipitated by
-the alkahne matter at the other pole, which might be-either
potash used for dxssolvmg the silex, which Had adhered to.it,
motwuhstandmg the procebses of lixividtion ‘in acids, dr’am-
-monia produced in consequence 'of the presenice of the atrnos-
.iphere orif’ potash was present it was likewise ‘possible that
“the silex mlght have been carrled ‘over in ‘solutioh; with this
“alkali, from the posmve to the negative surfade. :

‘ Mmute experlments Wwere mstltuted and c‘ompleted in the
same manner as those detailed in the Phllosophxcal Transac—
;thﬁS for 1807, p. ». ‘which " $oon proved thit thefe was no
-reason ‘to suppose that thie silex hall 'been changéd in these
E ex.perlments

T he acid’ proved to be nittic acid, Which under the ¢lectrical
actlon seemx.d to have dissolved ‘the ‘silex'; the- afkah turned
out to Be prmcxpalIy ﬁxed ‘alkali; and that it wis ierely
“an’ acciderital m(rredlent ‘and not a cons’utuent of the silex,
appeared from this dircumstance,’ that ‘when the same portion
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ofsilet was long electrified, by degreeés it lost its powen. of
affording the substance-in question:¥
"This result having:taken place, the same plan of operation,
was not pursued with respect to alumine, which resembles a
saliné compound:-less than silex, and the method which I now
adopted of  acting upon these bodies, was on the: supposition
of.their>being inflammable substances so highly saturated
with ‘oxygene as to possess little or no positive electricity. i,
7 ‘Alumine and silex: have: both a strong affinity for -potash
and soda ; now supposing them to be oxides, it was reason-
‘able to conclude that the: oxygene, both in the alkalies and
‘the 'earths; must: be: passive -as to-this: power, which .must
“consequently-be referred to their bases, and on.this ‘motion it
‘waspossible that it might be made to assist their decompasi-
tion by electricity.
----- “After this reasoning, I fused a mixture of one part-of silex,
: aml@. sixof potash in-a platina crucible; and preserved the mix~
‘ture flid, and in ignition, ‘over a fire of charcoal ; the crucible
‘Was rendered positive from the battery of five hundred, and-a
' rod of platina, rendered negative, was -brought in contact with

l e If silex that has been carefully washed, after precxpxtatmn by muriatic acid from
hquor silicum. be moistened, and actéd on by melcury ‘negatively elecmﬁed the
merenry sdon contains a notable quantity” 6f potassivm. - Well washed alumine-that
“Has-been L)recwpltatcd from alum by cdibonate: of ‘soda, affords by the same- treat-
'rient ‘sodium’and potassium, so- that the: powers .of -electrochemical analysis are con—
tmually demonstratn»g the 1mpc1leatwn of the common chemical. methods ofseparatmg_
bodies From ‘each other. The purest boracic acid which:can be ébtained from' borax
by cliztnical decomposition, by electrical a ankhlysis is'shewn to: contain both soda, :and,
t’he d,,comyomw acid emplm ed in the process; -and ‘hence the expenme.nt on, he
actxon “of the boracxc qc:d and. potassium, . page 343, may possibly be explamcd
without 2 dssunilng its decomposmon
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the alkaline menstruum. At the moment of contact there
‘was a most intense light; whcn the: rod was plungcd into the
liquid an effervescence toeK piaee, and globules which burnt
with a brilliant flame rose to the mrface cand swam upon itin
a state of combustion. - Ina few minutes, w hen the mixture
was cool, the platina bar was remov ed: after. as much as pos-
sible of the alkali and silex had been detached from it by a
knife, there remained brilliant metalhc scales rounfi 1t whxch
instantly became covered with a white crust in thc arr and
some of which inflamed spontaneously. "The platma appeared
‘much corroded, and of a darker tint than belongs to the pure
‘metal. - When it was plunged into water it strongly effer-
wvesced : -the fluid that came from it was alkdlme when a few
drops of muriatic acid: were added to the solutxon a Wh]te
cloudiness occurred, which various trials demonstrated de-
pended upon the presence of silex.

© A-similar mixture of potash and alumme was experlmented
upon in-the-same manner, and the results were perfectlj? ana-
logous ; there adhered to the rod of platma a film of a metalhc
‘substance, which rapidly decomposed water, and afforded a
solutlon which deposited alumine by the action of an acid.

I tried several forms of this experiment, w1th the hopes of
“bemg able to obtain a sufficient quantity of the metalhc matter
from the platina, so as to examine it in a separate state but
1 was not successful. It was always in superficial scales, Wthh
oxidated, becoming white and alkaline, before it could b de- '
tached in the air ; it instantly burnt when heated, and could
not be fused under naphtha or oil.

T tried similar experiments with mixtures of soda and
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alumine, atd soda and zircone, and used iron as the negatively
Llect}nf led metal. "In all these ' cases, during the whole: pro-
A"cefss of ‘eléctiization; abandance of" globules ‘which::swam. in
2 state o niﬂam mation ‘on the fused mass; were: produced.
'And in the mixture, when cooled, small laminz of metal were
found of the colour of lead, and less fusible than sodium,
“which adhered to the'iron ; they acted violently upon water,
f‘and produced soda and a white powder, but in quantities: too
?}small to be mmutely examined.

T endeavoured to procure an alloy ‘of potassium; and the
ngases of the earths, from mixtures of potash, silex, and alu-
‘mine, fused by elecmc]ty, and - acted on’ by the positive and
fneganve surfat:eq in the same mannér as: pure potash; in ex-
fperlments for the “decomposition of that substance; but I
obtained no good results.  'When the earths were in quantities
Vequal to one-fourth or one—ﬁfth of the'alkali, they rendered it

Blghfy non—ConHuctmg, that'it was not easy to affect it by
eIec""r1c1ty, and when they were in‘'very minute portions, the
5fsubstamce produced had the characters of pure potassium.

T heated small globules of ‘potassium, in contact with silex
"and alumine, in tubes of plate glass filled with the vapour of
: naphtha ‘ the potassium seemed to-act at the same time upon the
. gla’ss and the earths, and a grayish opaque mass, not possessed
I‘io_fm S plendour was obtained, which effervesced in water,
dep g white clouds.. Here it was possible that the potash
}‘had‘ been” converted wholly or partly into protoxide, by,its
“action upon ‘the earths ; but as no globule was obtained, and
‘as the plate glass alone mxght have yroduced the eflect, no
‘decided inference of the decomposition. of the earths can be

drawn from the process.
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. I:shallinow :mention-the last trials that I made with respect
-to-this-object.
Potassium, amalgaimated with about one-third, of mercpry,

was:electrified negatively under naphtha, in contact with silex
wvery :slightly moistened,-by the power of five hundred.; after
.an.hour the;result was-examined. ~Fhe-potassinm was made
to :decompose .water, and -the alkali.formed neutralized hy
acetous -acid ; 4 white matter, having all the.appearance of
silex precipitated, but in quantity; too small. for acgurate ex-
amination. »

‘Etried the same method of action upen.alumine and glucine,
and obtained .a:cloudiness, more distinct-than in the .gase, of
sxlex, by the:action of .an acid upon the solution obtained from
the amalgam.

1Zircone -exposed in:the-same manner to-the.action of.elec-
tricity, :and the attraction of potassium, furnished-still more
satisfactory results, for.a.white and fine .powder,. soluble in
sulphuric.acid, and . which was precipitated from sulphuric acid
by .ammonia, separated: from the amalgam.that had. been
obtained; by the action of water.
- From the general tenor of these results, and the compari-
son between the:different series of experiments, there.seems
'very great.reason to cenclude, that; alumine,. gi-,rcm; e, ;g;lwc,i@é,
and silex are, like the.alkaline. earths, metallic oxides, for, gn
mo.other supposition:is it easy.to. explain the phenomena that
‘have been-detailed.
- The evidences of :decompositien and composition, are;not,
‘however of'the. same strict nature as those;that. belong. to the
fixed alkalies and alkaline earths ; for it is. possible,that, in.the
experiments in which the silex, alumine;and zircone appeared
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Yo'separate’ daring' the' oxidation of ' Sotassititn” and 'sodium,
their bases might not actually have been in combination with
them) but ‘the earths themselves, fir anion: with the ‘metals of
-“the alkalles ‘o il ‘etd ‘mechanical ‘mixture. And out: of
an ‘immense “number of experiments” which T made of ‘the
kihd last detailed, a vcry few only gave distinct lndxcatlons of
the produétion of any earthy matter ; and in cases when earthy
matterdid dppear; the quantlty was such as rendered-it imposs
sible to décide on the species.

Had I been so fortunate as to have obtained more céertain
¢evidences on this subject, and to have procured the metallu,
SubstanceS‘I wagin search of, I should have proposed  for them
he hathes of silicium, alumium, zirconium, and glucium.

~N...On the production of an Amalgam from Ammonia, and on
1ts Nature and Properties.

3‘5 T4tHé ‘comimunication from Professor Brrzerius and Dr.
?ONwa Swhich T have already referred to, a most curious and
ﬁmp()rtant experiment on the deoxydanon and amalgamatxon
of the compound basis of ammonia is mentioned, which these
fﬁgé‘nmus gcntlemen regard as a strict proof of theidea 1 had
ﬂirmed 6f its being an oxide with a bmary basis.

Mercury, netratlvely electrified in’ the VOLTAIC circuit,
‘;’)1aced in-contact with solution of ‘ammonia. Under thls
Hgency it gradually increases in volume, and when expanded
to four or five times its former dimensions, becomes a soft
s"SH‘d‘

' Wnd:that this substance is composed of the deo‘zygenaaed
ﬁo’mpound ‘basis' of ammoma and mercury, ‘they think 1§
proveds 1By the reproduttion of° L qUiieKSIVEr And “Ammnionia;

MDCCCVIIL Lz
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with the absorption of oxygene, when it is ‘exposed: to air;
and secondly, by its forming ammonia in water; whilst hydro-
gene is evolved, and the quicksilver gradually becomes free.
An ‘operation, in which hydrogene and nitrogene exhibit
metallic properties, or in° which a metallic substance is appa-
rently composed from its elements, cannot fail to fix the
attention of chemists: -and the peculiar interest which it of-
fered in its relations to the general theory of electrochemical
science, induced me to examine the circumstances connected
with it minutely and extensively.
© In repeating the proeess of the Swedish chemists, I found
that to form an amalgam from fifty or sixty grains of mer-
cury, in contact with saturated solution of ammonia; required
a‘considerable time, and that this amalgam greatly changed
even in the short period required for removing it from the
solution.
I was however able, in this mode of operating, to witness all
the results they have stated, and I soon found simple and
more easy means of producing the eflect, and circumstances
under which it could be more distinctly analysed.
 The experiments which I have detailed in the BAKERIAN
lecture for 1806, proved that ammonia is disengaged from the
ammoniacal salts, at the negative surface inthe Vorrarc cir-
cuit; and I concluded that under this agency, it may be acted
onin what is called the nascent state, when it was reasonable
to conclude it would be more readily deoxygenated and' com-
bined with quicksilver.
~ On this view of the subjeet, I made a cavity in a piece of
muriate of ammonia ; into this a globule of mercury, weighing
about fifty grains, was introduced. 'The muriate was slightly



the-Decomposttion of the Earths, &c. 855

moistened, so.as to be rendered a.conductor, and placed on a
plate of platina, which was made positive in the circuit of the
large battery. The quicksilver was made negative by means
of a platina wire. - The action of the quicksilver on the salt was
immediate ; a strong effervescence with much heat took place.
The globule in a few minutes had enlarged to five times its
former dimensions, and had the appearance of an amalgam.
of zinc; and metallic crystallizations shot from it, as a centre;
round the body of the salt. They had an arborescent appear-
ance, often became coloured at their points of contact with-
the muriate ; and when the connection was broken; rapidly
disappeared, emitting ammoniacal fumes, and reproducing
quicksilver. .

‘When a piece of moistened carbonate of ammonia was used,
the appearances were the same, and the amalgam was formed
with equal rapidity. In this process of deoxydation, when the
battery was in powerful action, a black matter formed in the
cavity, which there is every reason to believe was carbonaceous
matter from the decomposition of the carbonic acid of the car-
bonate.*

- The strong attraction of potassium, sodium, and the metals of
the alkaline earths for oxygene, induced me to examine whe-
ther their deoxydating powers could not be made to produce
the effect of the amalgamation of ammonia, independently of
the agency of electricity ; and the result was very satisfactory.,
- When mercury, united to a small quantity of potassium,
sodium, barium, or calcium, was made to act upon moistened

© % The black matter which separates at the negative surface in the electrical expe-
riments on the decomposition of potash or soda, and which some experimenters have
found it difficult to account for, is I find carbonaceous, and dependent upon the pre-
sence of carbonic acid in the alkali,

Zza
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fnuriate of atinionia, the amalgam rapidly increased to six or
seven times its volume, and the ‘compound seemed to' o~
tain much more ammoniacal basis than that procured by elec+
trical powers.

As in these cases, however, a portion of the metal used for
the deoxydation always remained in union in the compound; in
describing the properties of the amalgam from ammonia, I
shall 'speak only of that procured by electrical means.

* The amalgam from ammonia, when formed at the tempera-
ture of 70° or 80, is a soft solid, of the consistence of butter ;
at the freezing temperature it becomes firmer, and a crystal-
lized mass, in which small facets appear, but having no’per-
fectly defined form.* Its specific gravity is below g, water:
being one.

~ When exposed to air it soon becomes covered with a white
crust, which proves to be carbonate of ammonia.

“When thrown into water it produces a quantity of hydro~
gene, equal to about half its bulk, and in consequence of this
action the water becomes a weak solution of ammonia.

“When it is confined in a given portion of air, the air enlarges
considerably in volume, and the pure quicksilver re-appears.
Ammoniacal gas, equal to one and a half or one and three-
fifths of the volume of the amalgam is found to be produced,
and a quantity of oxygene equal to one-seventh, or one-eighth:
of the ammonia disappears.-}-

- * From the facet I suspect the form to be cubical. The amalgam of potés:éiuxn
erystallizes in cubes as beautiful, and in some cases as large, as those of bismuth.
.+ This experiment coufirms the opinions I have stated concerning the quantity of

exygene in ammonia; but as water is present, as will be immediately shewn, the data.
for proportions are not perfectly correct.
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‘When thrown -into muriatic acid gas, it instantly becomes
coated with muriate of ammonia, and a smail quantity of
hydrogene is disengaged.
~ In sulphuric acid it becomes ccated with sulphate of am-
monia and sulphur.

~ Iattempted by a variety of modes to preserve this amalgam.
I had hoped by submitting it to distillation out of the contact
of air, or water, or bodies which could furnish oxygene, to be
able to obtain the deoxygenated substance which had been
united to the quicksilver in a pure form ; but all the circum-
stances of the experiment opposed themselves to such a result..

It is well known to persons accustomed to barometrical ex-
periments,~,=thatfmercury after being once moistened, retains
water with great perseverance, and can only be freed from it
by boiling ; and in the cases of the decomposition of am-
monia, when a soft amalgam had been kept continually moist,
both internally and externally for some time, it could not be
expected that all the water adhering to it should be easily
removed.

‘I wiped the amalgam as carefully as possible with bibulous
paper; but even in this process a considerable portion of the
ammonia was regenerated ; I attempted to free it from moisture
by passing it through fine linen, but a complete decomposition
was effected, and nothing was obtained but pure quicksilver.

- The whole quantitv of the basis of ammonia combined
in sixty grains of quicksilver, as is evident from the statements
that have been made, does not exceed ;X part of a grain, and
to supply oxygene to this scarcely 55 part of a grain of
water would be required, which is a quantity hardly appre-
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ciable, and which merely breathing upon the amaigam would
be almost sufficient to communicate.

Hence when an amalgam, which had been w;ped by means

of blbulous paper, was introduced into naphtha, it decomposed
almost as rapidly asin the air, producing ammonia and hydro-
gene. .
~ In oils it evolved hydrogene, and generated ‘ammoniacal
so,a,p,i and when it was introduced into a glass tube, closed by
a Coxk, gas was rapidly formed, and the mercury remained
free; and this gas, when examined, was found to consist of
from about two-thirds to three-fourths ammonia, and the
remainder hydrogene.*
. That more moisture sometimes existed attached to the
amalgam, when wiped as dry as possible by bibulous. paper,
than was sufficient for the effect of decomposition, I soon
found by an experiment of distillation.

About a quartef of a cubic inch of an amalgam nearly solid
was wiped very dry, and introduced into a small tube : in this
tube it was heated till the gaseous matter had expelled the
.quicksilver ; the tube was then closed, and suffered to cool,
‘when moisture, which proved to be a saturated solution of
‘ammonia, had precipitated upon it. :

I have mentioned that the amalgams obtained from am-
‘monia, by means of the metals of the fixed alkalies or alkaline
earths, seemed to contain much more ammoniacal basis in
combination than those procured by electricity: and. when
they are combined with the metals of the fixed alkalies or

¢ In the experiment of the action of the amalgam upon air, the oxygene is pro-
.bably absorbed by nascent hydrogene, and reproduces water, which is dissolved by the
ammonia.
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of the earths in any considerable quantities, they are much
more permament. |
~Triple compounds of this kind, when carefully wiped,
scarcely produce any ammonia under naphtha, or oil, and may
be pr?e’sérved» for a considerable time in closed glass tubes, a
little hydrogene being the only prodact evolved from them,

I heated a triple amalgam obtained from ammonia by potas-
'sium, and which had been wiped by bibulous paper in a dry
plate-glass tube over mercury; a considerable elevation of
temperature was required before any gaseous matter was
‘emitted, but the heat was raised till gas was rapidly formed,
and the whole of the amalgam expelled from the tube: in
cooling, “the mercury rose very quickly in it, so that a great
part of the gaseous matter had been either mercury or water,
in vapour, or something which the mercury had absorbed in
cooling. The small quantity which was permanent, did not
‘equal one half the volume of the amalgam.

~ On the idea that this gas might be a compound of hydro-
‘gene and nitrogene in the state of deoxygenation, I mixed a
‘small quantity of oxygene gas with it, but no change of volume
took place ; I then exposed it to naphtha, when one half of it
was absorbed, which by the effect the naphtha produced upon
turmeric must have been ammonia; the remaining gas
analyzed was found to consist of the oxygene that had been
introduced, and of hydrogem and mtrogene to each other in
the proportion of nearly four to one.

- At first I was perplexed by this result, which seemed to
prove the production of ammonia, independent of the pre-
sence of any substance which could furnish oxygene to it, and
to shew that its amalgamation was merely owing to its being
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freed from ‘water, and-combined with hydrogene: but a satis=
factory solution of the difficulty soon offered itself. - Exposing
the triple amalgam procured from ammonia by p tassium to
a‘concentrated solution of ammonia, I found that it had very?-
little action upon it, and introducing the amalgam moistened
by it into a glass tube, it had nearly the same permanency as
the amalgam which had been wiped before it was introduced,
a little hydrogene only being evolved ; but on heating the’
tube gaseous matter was rapidly generated, which proved to’
consist of two-thirds ammonia, and one-third hydrogene. =

In the instance in which the amalgam had been wiped, a
small quantity of solution of ammonia, and perhaps of potash, !
must have adhered to it; and though the amalgam does not
act upon this powerfully at common temperatures, yet when
the water is raised in vapour, it tends to oxygenate both the
basis of ammonia, and potassium, and hence hydrogene is"
evolved, and volatile alkali produced. SRt

T distilled an amalgam procured by potassium from am-
monia, in a tube filled with the vapour of naphtha, and her~'
metically sealed, in the same manner as in the experiments for
obtaining the metals of the earths, but in this case I procured’
ammonia, hydrogene, and nitrogene only, and pure mercury;
and the residuum was potassium, which acted powerfully on
the glass tube,

In another experiment of the same kind, I kept one partof-
the tube cool by ice, at the time the other part was strongly
heated, but nothing condensible except mercury was pro-:
duced, and the elastic products were the same as in the
former instance.

I endeavoured to procure an amalgam from ammonia, to
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which no moisture could be supposed to adhere, by heating an
amalgam of potassium in ammoniacal gas. The amalgam
became covered with a film of potash, but it did not enlarge
in its dimensions, and a considerable quantity of non-absorb-=
able gas, which was found to consist of five parts of hydrogene,
and one of nitrogene, was produced. The amalgam after this
operation did not emit ammonia by exposure to air, hence it
seems probable, that for the deoxygenation of ammonia, and
the. combination of its basis with mercury, the alkali must be
in the nascent state, or at least in that condensed form in-
which it exists in ammoniacal salts, or solutions.

VI. Some Considerations of general Theory, connected with the
Metallization of the Alkalies and the Earths.

- 'THE ‘more the properties of the amalgam obtained from
ammonia are considered, the more extraordinary do they
appear.

Mercury by combination with about X part of its weight
of new matter, is rendered a solid, yet has its specific gravity
diminished from 1g.5 to less than g, and it retains all its
metallic characters ; its colour, lustre, opacity, and conducting
powers remaining unimpaired.

It is scarcely possible to conceive that a substance which
forms with mercury so perfect an amalgam, should not be
metallic in its own nature ;* and on this idea to assist the discus-

* The nature of the compounds of sulphur and phosphorus with mercury,  favours
this opinion ; these inflammable hodies by combination, impair its metallic properties :
cinggbat is a non conducgor, and it would seem from PrrreTIE g’sﬂexperimentﬂs,
Ann. de Chemie, vol. xiii. p.‘ 125, that the phosphuret of mercury is not n.etallic in
its characters ; charcoal is a conductor, and in plumbago carbon approaches very

MDCCCVIIL. 3 A
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discussion concerning it, it may be conveniently termed am-
monium.

‘But on what do the metallic. properties of ammonium
depend?

- Are hydrogene and nitrogene both metals in the aériform
state, at the usual temperatures of the atmosphere, bodies of
the same character, as zinc and quicksilver would be in the
heat of ignition ?

Or are these gases, in their common form, ‘oxides, which
become metallized by deoxydation ?

Or are they simple bodies not metallic in their own nature,
but capable of composing a metal in their deoxygenated, and
an alkali in their oxygenated state ?

‘These problems, the second of which was stated by Mr.
CavENDISH to me, and the last of which belongs to Mr. BEr=
ZELIUS, offer most important objects of investigation.

I have made some experiments in relation to them, but as.
yet unsuccessfully. I have heated the amalgam of potas-
sium, in contact with both hydrogene and nitrogene, but
without attaining their metallization ; but this fact cannot be-
considered as decisively for or against any one of these con~
jectures.

I mentioned in the BsakErian Lecture for 1807, that a modi-
fication of a phlogistic chemical theory might be defended on
the idea that the metals and inflammable solids, usually called
simple, were compounds of the same matter as that existing in:
near to a metalin its characters, so that the metallic nature of steel does not mili-
tate against the reasoning in the text, The only facts which I am acquainted with,.

that do militate against it, are the metailic characters of some of the sulphurets and.
phosphurets of the imperfect metals.
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hydrogene; with peculiar unknown bases, and that the oxides,
alkalies, and acids were compounds of the same bases with
water, and that the phaznomena presented by the metals of the
fixed alkalies might be explained on this hypothesis.

The same mode of reasoning may be applied to the facts
of the metallization of the earths and ammonia, and perhaps
with rather stronger evidences in its favour, but still it will
be less, distinct and simple, than the usually received theory |
of oxygenation, which I have applied to them. '

The general facts of the combustion, and of the action of
these new combustible substances upon water, are certainly
most easily explained on the hypothesis of Lavorsier ; and
the only good arguments in favour of a common principle of
inflammability, flow from some of the novel analogies in
electrochemical science.

Assuming the existence of hydrogene in the amalgam of
ammonium, its presence in one metallic compound evidently
leads to the suspicion of its combination in others. And in
the electrical powers of the different species of matter, there
are circumstances which extend the idea to combustible sub-
stances in general. Oxygene is the only body which can be
supposed to be elementary, attracted by the positive surface
in the electrical circuit, and all compound bodies, the nature of
which is known, that are attracted by this surface, contain a
considerable proportion of oxygene. Hydrogene is the only
matter attracted by the negative surface, which can be con-
sidered as acting the opposite part to oxygene ; may not then
the differentinflammable bodies, supposed to be simple, con-
tain this as a common element ?

Should future experiments prove the truth of this hypo-

Aac '
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thesxs, still the alkalies, the earths, and the metallic oxides will
belong to the same “class of bodies. - From platina :to potas-
sium there is a regular order of gradation as to their physical
and chemical properties, and this would probably. extend to
ammonium, could it be obtained in the fixed form. Platina
and gold in specific gravity, degree of oxidability, and other
qualities, differ more from arsenic, iron, and tin, than these
last do from barium and strontium. The phanomena of
combustion of all the oxidable metals are precisely analogous.
In the same manner as arsenic forms an acid by burning in
air, potassium forms an alkali and calcium an earth ; ina man-
ner 51m11ar to that in which osmium forms a volanle and acrld
substance by the absorption of oxygene, does the amalgam of
ammonium produce the volatile alkali; and if we suppose
that ammonia is metallized, by being combined with hydro-
gene, and freed from water, the same reasoning will likewise
apply to the other metals, with this difference, that the ad-
herence of their phlogiston or hydrogene, would be exactly
in the inverse ratio of their attraction for oxygene. In
platina * it would be combined with the greatest energy ; in
ammonium with the least ; and if it be separable from any
* The common metallic oxides are lighter than their bases; but potash and soda
are heavier ; this fact may be explained on either theory ; the density of a compound
will be proportional to the attraction of its parts. Platina, having a weak affinity for
oxygene, cannot be supposed to condense it in the same degree as potassium does ;
or if platina and potassium be both compounds of hydrogene, the hydrogene must be
attracted in platina; with an energy infinitely greater than in potassium.  Sulphuric
acid is lighter than sulphur ; but phosphoric acid (where there is a stronger aflinity)
is heavier than phosphorus. The oxide of tin (wood tin) is very little inferior to.tin
in specific gravity. In this instance the metallic base is comparatively light, and the
attraction for oxygene strong ; and in a case when the metal is much lighter and the

attraction for oxygene stronggr, it might be expected a priori that the oxide would be
heavier than the base.
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of'the ‘metals without the aid of a new combination, we may
expect that this: result will be afforded by the most: volatile
and ‘oxidable, such as arsenic, or the metals of the fixed
alkalies, submitted to intense heat, under electrical polarities,
and having the pressure of the atmosphere removed.
Whatever new lights new discoveries may throw upon
this subject, still the facts that have been advanced, shew that
a step nearer at least has been attained towards the true
knowledge of the nature of the alkalies and the earths.*

* Since the facts in this Paper were communicated to the Royal Soclety, I have
seen an account of some very curious experiments of M.M. Gay Lussac, and
THENARD, (in Number 148 of the Moniteur, for 1808, which I have just recewed,)
from one of which they have concluded, ¢ that potassium may be a compound of
hy,/dmgehe,‘ and. potash.”

Thesyc gemlemch are said to have heated potassium in ammonia, and found that
the ammonia was absorbed, and that hydrogene gas equal to two-thirds of its
volume appeared, and that the potassium by - this process had become of a grayish-
greencolour. By heating this grayish-green substance considerably, two~fifths of the
ammonia were again emitted, with a quantity of hydrogene and nitrogene correspond.
ing to one-fifth more, and by adding water t6 the mixture, and heating it very strongly
'a;gain, th‘ey obtained the remainder of the ammenia, and nothing but potash was left.

In these complex processes, the phznomena may be as easily explained on the idea

of potassium being a simple, as that of its being a compound substance ; nor when
the facts that have been stated in this paper and those about to be stated, are con-
sidered, ‘can the view of these distinguished chemists, as detailed in the notice referred
to, be at all admitted.
. Potash; as I have found by numerous experiments, has no affinity for ammonia, for
it- does not absorb it when heated in it; it is not therefore (allowing their theory)
possible “to conceive that a substance having no attraction for potash, should repel
from it a-substance which is intimately combined with it, and which can be separated
in'no other way.:

‘A part of the hydrogene evolved in their experiment, may be furnished by water
contained “in' the ammonia ; but it is scarcely possible that the whole of it can be
derived from'this source, for on such an idea the ammonia must contain more than half
its weight of water. There is however no evidence that the whole of the hydrogene may
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- Something has been. separated from them which adds to
their weight ; and whether it be considered as oxygene, or as

not be furnished by the decomposition of the volatile alkali itself. Potassium in its first
-degree of oxygenation, may have an affinity for nitrogene, or potassium may expel a
portion of hydrogene at the moment of its combination with amraonium; and as the
whole of the amimonia cannot be regenerated without the presence of water; hyd-o-
gene and a little oxygene may be furnished to the remaining elements of the ammonia,
from the water, and oxygene to the potassium.

Even before the conclusion was formed, that a metallic substance is decomposed in
this experiment, it should have been proved that the nitrogene had not been altered.

That mere potash, combined with hydrogene, eannot form potassium, is I think
shewn by an experiment which I tried, in consequence of the important fact lately
ascertained by M. M, Gay Lussac, and THENARD, of the deoxydation of potash by
iron.

An ounce of potash was kept in ignition for some time in an iron tube, ground
into a gun barrel in which one ounce and a half of iron turnings were ignited to white-
ness ; a communication was opened, by withdrawing a wire which closed the tube
centaining the potash, between that alkali and the metal,

As the potash came in contact with the iron, gaseous matter was developed, which
was received in a proper apparatus, and though some of it was lost by passing through
the potash into the atmosphere, yet nearly half a cubic foot was preserved, which
proved to be hydrogene. In the tube were found two products, one in the quantity
of a few grains, containing potassium, combined with a small quantity of iron, and
which had sublimed in the operation, and the other a fixed white metallic substance
which consisted of an alloy of iron and potassium.

The first of these substances burnt when thrown upon water; and in its other
characters resembled pure potassium, except that its specific gravity was greater, its
colour less brilliant, and when it tarnished in the atmosphere, it became of a much
deeper colour than pure potassium,

Now potash that has been ignited, is the purest form known of this alkali; but
on M. M. Gay Lussac’s and TrENARD’s theory, this potash must contain water,
not only sufficient to furnish hydrogene to metallize the alkali, but likewise the quan-
tity disengaged : dry potash then, as it is procured in our experiments, must on this-
theory be a compound, containing a considerable quantity of matter which can
furzisn hydrogene ; and what would be its form or properties if deprived of this
matter we are whoily unable to judge, which brings this question to the general

gquestion discusced in the text,
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water, the inflammable body is less compounded, than the
uninflammable substance resulting from its combustion.

Potassium I find may be produced readily from dry ignited potash in electrical ex-
periments ; and the result of the combustion of potassium in oxygene gas is an alkali,
so dry that it produces violent heat, and ebullition when water is added to it,

In M.M. Gay Lussac’s and THENarD’s experiment on the action of potassium
on ammonia, the hydrogene disengaged in the first process, and that existing in the
ammonia disengaged in the second process, exactly equals the whole quantity con-
tained in the ammonia. But there is no proof of any hydrogene being disengaged
from the potassium, for theammonia lost is not generated, nor potash formed, but by
the addition of a substance, consisting of oxygene and hydrogene ; and as the three
bodies concerned in this experiment are potassium, ammonis, and water, the result
ought to be potash, ammonia, and a quantity of hydrogene, equal to that evolved by
the mere action of water on. potassium, which is said to be the case.

Even if there were no other proofs, the chemical properties of potassium are so:
wholly unlike those that might be expected from a compound of potash and hydro-
gene; that they are almost sufficient to decide the question. Potassiumacts upon water
with much more energy than potash, and produces much more heat in it ; and yet if a
compound of hydrogeme, the affinity of potash for water must be diminished by its
affinity for hydrogene, to'say nothing of the quantity of heat, which ought (on the
common theory of capacity for heat) to-be carried off by this light inflammable gas.

Potassium burns in carbonic acid, and precipitates charcoal from it; whereas
hydrogene electrized with. carbonic acid, converts.it.inte gaseous oxide of carbon.

Potash has a very slight attraction fer phosphorus; but potassium has a very
strong aftinity for it, so as to separate it from hydrogene; and according to M.Mi
Gay Lussac and THenNarp, with the phaxnomena of inflammation. Potash
has no affinity for arsenic, yet from the experiments of these gentlemen, it appears.
that potassium separates arsenic from arseniated hydrogene ; and hydrogene, which is
supposed by them to exist in both compounds, can have no affiniry for hydrogene,.
nor can hydrogene in one form, be supposed capable of separating arsenic from hydro--
gene in another form..

Could not the experiment of M. M. Gay Lussac and TuenarD-be explained;.
except on the supposition of the hydrogene being derived from the potassium, it would
be a distinct fact in favour of the revival of the theory of phlogiston. It would not-
prove, hewever; that potassium is composed of hydrogene and potash, but that it is
commposed of hydrogene and an unknown basis ; and that potash is this basis united:
to. waters.
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- Other hypotheses might be formed upon the new electro-
chemical facts,in which still fewer elements than those allowed
in the antiphlogistic or phlogistic theory might be maintained.
Certain electrical states always coincide with certain chemical
states of bodies. 'Thus acids are uniformly negative, alkalies
positive, and inflammable subtances highly positive ; and as I
have found, acid matters when positively electrified, and alka-
line matters when negatively electrified, seem to loose all their
peculiar properties and powers of combination. In these in-
stances the chemical qualities are shewn to depend upon the
electrical powers; and it is not impossible that matter of the
same kind, possessed of different electrical powers, may
exhibit different chemical forms.*

® Phil. Trans. 1807, Part I. p. 23. - The amalgam obtained from ammonia offers
difficulties to both the phlogistic and antiphlcgistic hypotheses. If we assume the
phlogistic hypothesis, then we must assume that nitrogene, by combining with one .
fourth of its weight of hydrogene can form an alkali, and by combining with one-
twelfth more, can become metallic. If we reason on the antiphlogistic hypothesis, we
must assert, that though nitrogene has a weaker affinity for oxygene than hydrogene,
yet a compound of hydrogene and nitrogene is capable of decomposing water.

The first assumption is however by far the most contradictory to the order of com-
mon chemical facts; the last, though it cannot be wholly removed, is yet lessened by
analegies. 'Thus alloys in general, and inflammable compounds, are more oxidable
than the simple substances that compose them. Sulphuret of iron at common tems
peratures decomposes water with facility, whereas sulphur under the same circums-
stances, has no action on water, and iron a very small one. The compound of phos-
phorus and hydrogene, is more inflammable than either of its constituents.

Should a new theory of the dependence of the chemical forms of matter upon elec-
trical powers be established, the facts belonging to ammonium would admit of a more
easy solution. Ammonium might be supposed to be a simple body, which by ‘com-
bining with different quantities of water, and in different states of electricity, formed
nitrogene, ammonia, atmospherical air, nitrous oxide, nitrous gas, and nitric acid.

Water, on this idea, must be supposed a constituent part of all the different gasses;
but its electricities in oxygene and hydrogene would probably be the very reverse of what
they have been supposed by M. RitTeR, and some ingenious English enquirers.
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1 venture to hint at these notions: ‘but I do’ not “attach
much importance to them ; the‘age of chemistry is not yet
sufficiently mature“for  such - discussions ;  the more ‘subtile’
phrwers of matter are but just beginning to be considered ; and'
all'general views concerning them, must as yet rest upon
feeble and imperfect foundations. : 3

“Whatever be the fate of the speculative part of the én=
quiry, the facts however will, I hope, admit of many apphca-
tions, and explain some phenomena in nature.

~ The metals of the earths cannot exist at the surface of the
globe ; but it is very possible that they may form a part of the
interior ; and such an assumption would offer a theory for the
phaenomena of volcanoes, the formation of lavas, and the
excitement and effects of subterranecous heat,* and would
probably lead to a general hypothesis in geology.

The luminous appearance of those meteors connected with
the fall of stones, is one of the extraordinary circumstances of
these wonderful phanomena. This effect may be accounted

Water positively electrified would be hydrogene, water negatively electrified, oxygene ;
and as in the physical experiments of temperature, ice, added to certain quantities of
steam by an equilibrium of heat produces water, so in the chemical experiment of the
generation of water the positive and negative electricity of oxygene and hydrogene
in certain proportions would annihilate each other, and water alone be the result.
At all events ammonium, whether simple or compound, must be considered as owing
its attraction for oxygene to its highly positive electrical state, which is shewn by its
powerful determination. ro the negative surface in the Vorraic circait.

<. * Let it be assumed thar the merals of the earths and alkalies, in alloy with common
metals, exist in large quantities beneath the surface, then. their accidental expo-
sure to the action of air and water, must produce tie effect of subterranean fire, and
a product of earthy and stony matter analogous to lavas.

MDCCCVIIT. 3B
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for, by supposing that the substances which fall, come into
‘our atmosphere in a metallic state; and that the earths they
principally consist of are a result of combustion ; but this idea
has not the slightest connexion with their origin or causes.



