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In confequence of the place which I hold, I
have feveral duties to difcharge : I muft not only
teach that fcience which I profefs, but, as far as
in my power, in fuch a manner as may be moft
profitable to my pupils: I muft f‘uppl}f' them
~ with the means of facilitating their ftudies: I
" muft avoid all refearches that require too much
time ; and muft communicate to them, as
briefly as poffible, that knowledge which forms
the obje& of my leflons. This tafk, as far as
natural philofophy 1s concerned, I have already
difcharged, by publithing my Principles of Phy-
Sfics.  The fame tafk remained for me in regard
to Chemuftry ; and I now perform 1t, by pub-
lithing the prefent Work.

The end of all my labours during life, has
been to render myfelf wufeful: 1if I have fome-
times fucceeded, I fhall confider myfelf fully
rewarded for all the pains [ have taken.

a3 My
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fidered as fimple fubftances what others main-
tained to be compounds (fuch as air). Being,
therefore, uncertain to which fide I ought to
turn, or whom to follow, 1 abandoned that
{cience, and applied to Expﬁrirﬁental Philofophy,
where I found that precifion which I wifhed.

A great number of falls, already demon-
{trated, ferved me as a guide in the courfe of
my labours; and I afterwards endeavoured to
inftru® others. I taught Experimental Philo-
fophy ; and have continued to do fo publicly
fince 1762,

About the year 1772, the moft eminent che-
mifts found that the experiments they had hi-
therto made were not capable of giving certain
refults, becaufe they fuffered to efcape a part of
the products which could have furnithed them
with an analyfis of the bodies fubjedted to exa-
mination. On this account they made their
experiments in fuch a manner, as to retain
the whole of the products ; and they were thus
able to acquire a knowledge of all the {fubftances
which enter into the compofition of a body
not only as to quahty, but even in regard to
the quantity of qch fubftance. By thefe means

a 4 they
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if they forget any part of what they have heard,
they muft recur to a number of different works ;
and in doing fo, are for the moft part incapable
of making a proper choice. In a word, they
have hitherto had no chemical text-book.

To fupply this deficiency, I compofed the
prefent work. If any able chemiit had under-
taken a fimilar treatife, it might have been better
than mine; but to render it as complete as
po{’ﬁblc, I have made ufe of the beft fources :
1 have laid under contribution the works of
Lavoifier, Guyton, Chaptal, Berthollet, Fourcroy,
Vaugquelin, &c.; and I have arranged the mat-
ter, furnithed by thefe able chemitts, according
to that method which feemed moft hkely to
anfwer the intended purpofe. 1 have endea-
voured alfo to give it as much perfpicuity as
poffible. I flatter myfelf that I have omitted
nothing neceffary in an elementary treatife, and
that I have introduced into it no fuperfluous
articles, nor any thing capable of diftracting the
attention. I fubmit my Work, therefore, with
confidence to the public, and folicit its indul-
gence, |

ADVERTISEMENT.






ADVERTISEMENT.

Tur Reader is requefted to obferve, that
the Weights and Meafures which occur in this
Work, are given according to the O/d French
Standard : and that, in many cafes, the corref-
ponding New French Denominations are added at
the bottom of the page, in notes. Tables, to
facilitate the converfion of either into the Engli/b

correfponding Denominations, will be found in
the Appendix.
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OF CHEMISTRY. 3

the fotce, or the ftronger the affinity by which the
conftituent parts of a body are united, the more
difficult it is.to decompofe that body. It is exceed-
ingly difficult to decompofe metals, becaufe their
conftituent parts are united by a very firong affinity
of aggregation. On the other hand, gafes are eafily
decompofed, becaufe their aggregation is weak.
Nature, therefore, never combines one folid with
another ; but, in order to produce that effect, firlt
reduces them to a ftate of fluidity. = Before the com-
pofition of affinity can take place between two bo=
dies, one of them art leaft muft be fluid.

10. When two or more bodies unite by the affi-
nity of compofition, their temperature changes.
The reafon of this is, that there 1s either a combina-
tion of caloric, which produces cold ; or caloric be~
comes free, which produces heat,

11. The compound which refults from the com-
bination of two bodies has properties altogether dif-
ferent from thofe of the conftituent principles of that
. compound : the refult is different in its nature from
either of the compounding bodies; it is a new
compound, and has new properties.

12. Every body has certain peculiar degrees of
affinity for the different fubftances prefented to it :
if all bedies had the fame degree of affinity for each
other, there would be neither decompofitions nor
mew compofitions: it is on this difference of affini-

B 2 ties
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16. Caloric exiftsin bodies in two different ftates,
viz. in a free ftate, and a ftate of combination. In
a free ftate, it isthat which penetrates bodies in every
part ; ‘which paffes freely through their pores from
one furface to another; which cannot be retained in
them at pleafure, and which renders them hotter in
proportion as it is prefent in greater quantity. In a
ftate of combination, it is really combined with the
moleculz of thefe bodies, forms a conftituent part
of them, and, in whatever quantity it may be com-
‘bined, never raifes their temperature.

17. It is not improbable that light 1s the fame
fubftance as caloric, but differently madified. We
are very little acquainted with the nature of this
modification ; but as the light which illuminates
the earth is capable of {etting bodies on fire, and as
the caloric which burns bodies is capable of afford-
ing us light, we have [ome reafon for confidering
thefe two fubftances as the fame. Light produces
allo fome effets which are peculiar to itfelf: it is
the caufe of the green colour of plants: withour
light, plants become blanched; and therefore they
naturally turn of themfelves, as much as they can,
towards that fide from which the light proceeds ; their
talte and {mell likewife depend n it; and hence it
hai)pens- that the aromatic productions of the
fouthern countries are the ftrongeft and beft.

18. We are acquainted with three fubftances,
Niz. fulphur, carbon, and  phofphorus, which en-
; B 2 ter
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21. Phofplhorus {feems alfo to be a fimple fuba:
ftance ; for it cannot be decompofed. It 1s the ra-
dical of that acid which, combined with lime, forms
the bones of antmals. As thefe bones therefore
are real phofphate of lime, it is from them that phol-
phorus can be extracted with moft advantage.

Formation of the Aeriform Elaftic Fluids,

22. It is a general and invariable law of nature,
that when a body, eicher {ohid or fluid, is expofed to
heat, its dimenfions are increafed in every direttion
(14). To this law there is no exception,

23. When the moleculz of a folid body have been
thus feparated, if the body be fuffered to cool, thefe
molecule again approach each other in the fame ¢
proportion ; the body returns, but in an inverfe di- '
rection, through the {fame degrees of extenfion ; and
being reftored to its former temperature, gradually
refumes its former dimenfions. If it be expofed to
{till greater cold, it becomes {fmaller.

24. But as we are not acquainted with any degree
of cold which 1s not {ufceptible of being increafed,
becaufe we do not know the zero of heat, it thence
happens that we have never yet been able to com-
pré{'s as much as poffible the moleculz of any body,
and confequently the moleculz of no body touch each
other, or at leaft touch each other only in a very few

B4 points:
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28. Thefe phenomena are the effect of a very
fubtle fluid which infinuates itfelf between the mole-

cule of all bodies; which is the caufe of hear, and
which is called Caloric (7)-

- 29. Is light a modification of caloric ? or, Is calo-
ric a modification of light? The latter is not im-
probable (17). Butit is certain that things which
produce different effets, ought to be diftinguifhed
by different names. We thall therefore diftinguifh
light from caloric, acknowledging however that
. they pnﬁcfa fome qualities in common (17), and
-‘th“‘L‘E under certain cireumf{tances, they combine

nearly in the fame manner, and produce in part the
fame effects. |

30. But in what manner does caloric a& on bo-
dies? As it penetrates through all their pores, and
~fince no veflel can' confine it (16), it is impofii-
ble to become acquainted with its properties, except
by effects which, for the moft part, are fugitive and
difficult to be examined.. When we can neither {ee
nor handle a body, we muft be on our guard againft

flights of the imagination, which tend always to lead
us beyond the boundaries of truth.

31. We have already faid, that the [ame bodies
become folid, liquid, or aeriform, according to the
quantity of caloric by which they are penetrated ;
- according as the repulfive force of the caloric is infe-

rior,
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ether, and well clofed by a piece of bladder, under
a receiver having adapted to it a barometer and
thermometer, and furnifhed with a fharp pointed
rod of iron, paffing through a leather collar : ex-
hanft the receiver, and pierce the bladder by means
of therod F 3 the ether will immediately boil up
with great rapidity, and fill the receiver B C D,
with its vapour. 1f the ether be in f{ufficient quan-
tity for a few drops of it to remain liquid, the claftic
fluid which has been produced will be capable of {up-
porting the mercury in the barometer G H, at the
height of eight or ten inches in winter, and of
uwenty or twenty-five in fummer. During the va-
porization there is produced a confiderable degree
of cold, indicated by the falling of the liquor in the
thermometer : the caufe of this is, that the ether
does not affume the aeriform ftate but by combining
witha large quantity of caloric, which, becaufe it is
combined, no longer excites any degree of heat. If
the apparatus be fuffered to refume the tEmper&turE:
of the place, and if the air be again admitted below
the receiver, there will be produced a degree of
heat, which will be indicated by the thermometer
rifing : the reafon of this is, that the vapour, in con-
fequence of the new preflure it experiences from the
air, returns to the liquid fate by abandoning its calo-
ric, which, becoming free, excites heat.

In thisexperiment you only intercept the preffiire
of the atmofphere ; and the effets which then refult |
prove two things: 1ft, That in our témperaturf:,

ether
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cther would be always an aeriform fluid, were it not
for the preffure of the afﬁofpher& ; 2d, That, in the
pafiage from the liquid to the aeriform fate, a con-
fiderable degfee of cooling takes place ; and that, in
the paffage from the ftate of acriform fluid to that
of liquid, a great deal of heat is pmducﬁd,’ which
happens in all fimilar cafes.

34. The above experiment (33) will fucceed
with all fluids {ufceprible of evaporation ; {uch as
alcohol, water, and even mercury. But the vapour
of alcohol fupports the mercury of the barometer
only at the height of one inch in winter, and of
four or five inchesin fummer : the vapour of water
fupports 1t at the height of a few lines, and that of
mercury at the height of no more than fome fractions
of aline. In thefe cafes, therefore, a lefs guantity
of fluid is vaporized, confequently there is lefs calos
ric combined, and lefs cooling, which agrees very
well with the refult uf experniment.

35, We may ftill obtain other proofs that the
aeriform ftate 1s a modification of bodies, and that it
depends on the temperature and the preflure which
they experience. Under the prefiure of our atmo-
{phere, which I fuppofe capable of fupporting the
mercury of the barometer at the height of twenty-
eight inches, ether enters into cbullition at 10625
degrees of heat, fpirit of wine, or alcohol, at 183 ‘de-
orees 3 and water at 212 degrees. But ebullition is
the moment of paffage from the liquid' to the aeri-

form
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“form flate 5 :and therefore if thefe liquors be kept at
a temperature a little higher than the above-men-
tioned degrees, you will obtain them in the flate of
aeriforin fluids. = To prove this, you may make the
following experiment :—

Immerfe into a vellel, A B C D, (hg. 2.)
filled with watér, heated to 110 or 114 degreés, a
bottle F, filled with the fame water, and having its
mouth inverted : introduce uncer the water into
the mouth of the bottle the bent neck of a {mall
matrafs, % a, containing {ulphuric ether: the ether
will almoft immediately begin to boil, and the ca-
Joric combining itfelf with it, will convert it intoan
aeriform fluid, capable of filling {everal bottles.

By this experiment it may be feen that ether is
nearly fo volatile, that it cannot exift in our tempe-
rature but in the aeriform ftate, and that if the
preffure of the atmofphere were equal only to that
of a column of mercury twenty or twenty-four inches
in height, we could never obtain it in the liquid ftate,
at lealt in fummer. The cale would be the fame on
high mountains, on account of the diminution of the
preflure of the atmofphere. This experiment will
fucceed beft with nitrous cther, becaufe it is vapo-
rized at a ftill lower degree of temperature.

Ty

36. Water and alcohol will exhibit the fame phe-

nomena, if they be expofed toa degree of heat fu-

perior
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8. To thefe aeriform fluids we give the name of
Gas, and in each of them we diftinguifh two things :
the caloric, which in fome manner is the f{olvent ;
and the fubftance combined with i, which forms its
bafe. - | |

‘40. We have dlrerdy faid (26) that the miolecule
of bodies are in a ftate of equilibrium between their
ateraltive force, which tends to make them ‘ap-
proach each other, and the efforts of caloric, which
tend to feparate them. Thus, ealoric not only fur-
rounds bodies on every fide, but 1t fills the inter-
ftices left between their molecule, in the fame man-
net as fine fand would fill the intervals contained be-
_tween fmall balls of lead put into a veflel. Thefe
interftices are not of the fame capacity in all bodies ;
this capacity depends on the fize of the molecnle,
their figure, and the diftance left between them, ac~
cording to the relation which exilts between the
force of their attraétion and the repulfive force ex-
ercifed by caloric.

Itis in this fenfe that we muft underftand the ex-
preflion, Cupacity of bodies for admitting caloric
between their molecule. Let us illuftrate this ex-
preflion by an example :—If you immerfe into wa-
ter different bits of wood, equal in volume, and each
of a known weight, the water will introduce itfelf in-
to their pores, by which means they fwell up, and
their weight is increafed ; but edch kind of wood ad-
mits'a different quantity of water : thofe moft porous’

admit
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tance, or rather the fpace refuiting’ from it, that has
been called Capacity for admitting Caloric.

43. Free Caloric is that which is not engaged in
any combination. We live amidft a fyftem of bo-
dies with which caloric has adhefion ; and it thence
refults that we never obtain this principle in a {tate
of abfolute freedom : there is always a portion of it
in combination.

44. Combined Caloric 1s that which is confined in
bodies by the force of affinity or attration, and
which conftitutes a part of their fubftance, and even
of their folidity.

-

45. Heat is occafioned by free caloric (43) or calo-
ric becoming free: it is the effe¢t produced on our
organs by theintroduction of caloric difengaged from'
{urrounding bodies. In general, we experience no

_{enfation, but in confequence of {ome movement ;
and it may be eftablithed as an axiom, that Where
there is no movement, there is no fenfation. When we
touch a cold body, the caloric pafies from our hand
into that body, and we experience a fenfation of
cold ; in the contrary cafe, when we touch a warm
body, the caloric paffes from that body into our
hand, and we experience a fenfation of heat. Bur,
if the body and the hand have the fame degree of
temperature, we experience no fenfation either of

- cold or heat, becaufe there is no tranfmiffion of ca-

loric. In a word, becaufe there is no movement.

C 46. By
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46. By latent heat (an t.l‘:'xprcﬂ’mn certainly im-
proper) 1s underftood heat not fenfible to our or-
gans ; that which, ftri¢tly {peaking, is not heat:
it 1s combined caloric (44) which occafions no
heat. This combined fluid is ready to make us
feel heat ; but for that purpofe, it maft firlt become

free (43).

47. It 1s not improbable that the great elafticity
of aeriform fluids arifes from that of the caloric
united to them, and which appears to be a body
highly elaftic by its pature, This, indeed, 15 ex-
plaining elaflicity by elafticity, and removing a dif-
ficulty without refolving it; but fince our know-
ledee extends no farther, we muft admit this con-
jeture till fomething more fatisfattory can be ob-
rained.

tormation and Conflitution of the Atmofphere
of the Earth.

48. What has been here faid, will ferve to give
fome idea of the manner in which our atmofphere
has been formed. It may readily be conceived, that
it muft be the refult and mixture, 1{t, Of all thole
fubftances fufceptible of remaining in an aeriform
ftate at the ufual degree of heat and preffure which
we experience 3 2d, Of all thofe fluid or concrete
{fubftances fufceptible of being diffolved in that af-
femblage of different gales.

49. Should
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49, Should our earth be fuddenly tranfported to
a region much hotter (to that of Mercury, for exam.
ple) many of our liquids would become elaftic
fluids, and the refult would be new deconipofitions
and combinations, unlefs thefe fubftances fhould ex-
perience a very ftrong degree of preflure; as the
water does in Papin’s digefter.

50. On the othet hand, if our earth fhould be
tranf{ported to a very cold region, moft ot our fluids
would be transformed into folid bodies: a part of
our aeriform fubftances would become liquid; or
even folid, &c. |

51. ‘This fuppnﬁtmn of two extremes (hews,
1ft, That ﬁ:f:d;ty, Lgridity, and elafticity, are three
different ftates of the fame {ubftance three modifi-
cations thruugh which almoft all thefe fubftances
may pafs, and which depend only on the quantity
of caloric that penetrates them ; 2d, That our at-
mofphere is a compound of every fluid capable of
exifting in a conftant ftate of elafticity, at the de-
gree of heat and preffure which we experience, and

which are not foluble in water, or, at leaft, very
little fo,

52, Tt is well known that among our fluids there
are fome, fuch as water and alcohol, or f{pirit of
wine, that may be mixed with each other in all
proportions, and which never afterwards feparate ;
others, as mercury, water, and oil, after they have

&gy n been
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This combined caloric is often difengaged dur-
ing the decompofition- of bodies :- heat, therefore, is
in that cafe produced, as in putrefaction. In cer-
tain combinations caloric 1s abforbed alfo ; and on
fuch occafions there is a. production of ‘cold, as in
evaporation. '

54. The permanent elaftic fluids are thofe which
‘contain caloric in a ftate of combination (44) ; and
thefe fluids retain their aeriform ftate at every de-
gree of temperature ; for this reafon.they have been
called Permanent. Of this kind are the air and the
different gafes. Bt "

55. The rzaﬂ:ﬁﬂmnmt elaftic fluids are thofe
which contain a certain quantity of caloric in a fRate
of freedom (43) ; and thefe fluids cannot retain their
aeriform ftate but while expofed to little compref-
fion, or at a high temperature, and more or lefs ac-
cording to their different denfities. On this account
they have acquired the name of Non-Permanent.

At prefent, we fhall treat only of the permanent
elaftic fluids, and defer faying any thing farther of

the reft till we come to examine the nature of water
and its effects,

56. The permanent aeriform elaftic fluids are all
comprefiible, elaftic, tranfparent, coloutlefs ¥, in-

5 ;
* “ﬁr e muft except oxygenated muriatic gas, which is of a
greenifh-yellow colour,

Cs vifible,
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vifible, and incapable of being condenfed into li-
~ Qquor by cold. Some of them exift naturally with-
out the affiftance of art, though they may be ob-
tained in that manner ; others are merely the pro-
duction of arrificial means. Some of them are
completely foluble in water ; othess are infoluble, or,
at leaft, are foluble in a very fmall degree. Diffe-
rent means, therefore, muft be employed to procure
them, as will be mentioned hereafter (65).

7. Thefe fluids are divided into two claffes.
The firft comprehends thofe which are wivifying ;
that is to fay, which ferve for and are effential to the
Purpcrfes of relpxra.ticn in men and animals, and to
the cnmbu[’tmn of bodigs. Of' thls kind are afmo-

! J@h;m air, and pure ot vital air, c;llcd Oy gen Gas.

58. The fecond clafs comprehends thofe which
are of a _fuffocating nature ; that is to fay, which can

ferve neither for refpiratmn nor for the combuftion
cf hnd:cs Of this kind are all ;hc other gafes.

59. Thefe fuffocating fluids are divided ingo
three orders, The firft comprehends thofe which
are not faline ; that is to fay, which are neither acid
nor alkaline ; the fecond, thofe which are faline ; that
js to fay, either acid or alkaline; the third com.-
prehends thofe which are inflammable, and which
are called Hydrogen Gafes,

6o. Firft
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60. Fir/t Order—The non-{aline gafes are in num-
ber three, wiz. Aimofpheric or Azotic Gas, called
alfo Mephitic G’a.r Nitrous Gas, and Oxygenated Mu-

riatic Gas.

61. Second Order,—The falin® gafes are five in
number, viz. Carbonic Acid Gas, Muriatic Acid
Gas, Sulphurous Acid Gas, Fluoric Acid Gas, and
Ammoniacal or Alkaline Gas.”

. 62. Third Order.—The inﬂammable or hydro-
gen gafes are all of the fame fpecies ; but there are
feveral varieties.  We have, therefore, Pure Hydro-
gen Gas, the varieties of which are Sulphurated Hy-
drogen gas, Phofphorized Hydrogen Gas, Carbonated
Hydrogen Gas, Carbonic Hydrogen Gas, and thc y-
drogen Gas of Marjfhes. | :

To exhibit all thefe gafes at one view, I have fub-
joined the following methodical table =

& 63, Methodica]
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ties, and particularly in. being abfolutely incapable
to maintain animal life and the combuftion of bo-
dies, it has been concluded, and not without reafon,
that they oughtlnot to be confounded with air. To
diftinguifh them, therefore, it has been thought pro-
per to adopt the name of Guas, which Vanhelmont,
and other chemifts, anterior to Hales, had given to
thofe fluids known in their time ; for the general
knowledge of gafés is older than the period of Pa-
racelfus,

L

65. We have already faid (56) that of thefe fluids
fome are infoluble in water, and.others completely
foluble. To extraét and obtain them, two kinds
of apparatus, therefore, are neceflary : one in which
water is ufed for thofe that are infoluble ; and the
~ other conftrutted with mercury for thofe which are
foluble in water, and which could not be received
in that liquid without being immediately diffolved
in it. Thefe kinds of apparatus were invented by
Prieftley, who made a feries of ingenious experi-
ments on the above fluids.

66. Every aeriform fluid is compofed of a bafe,
either fimple or compound, and combined with
caloric, Thefe fluids are not entirely contained in
the fubftances ufed for extracting them : thefe
{ubftances contain only their bafes which at the
time of extrattion combine with caloric, and by
thefe means affume the ftate of aeriform elaftic fluids.
That the reader may have a better idea of the na-

ture
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ture of thefe fluids, I fhall here point out the bafes
of each of them. :

Bafes of the Aeriform Elaftic Fluids.

67. I. Atmofpheric air i1s compofed of two elaf-
tic fluids, merely mixed together, one of which is
pure vital air, called Oxygen Gas: the other isa
mephitic fubftance, called Azotic Gas: the air of
our atmofphere contains 28 parts of the former, and
72 of the latter. Its bafe, therefore, is compofed of
" oxygen and azafe.

68. 1I. The bafe of pure air or oxygen gas, is the
acidifying principle, without which there would be
no acid, and which, for that reafon, is called Oxy-
pen 3 that is to fay, the gencrator of acids., -

69. ITI, The bafe of azotic gas, when that gas is
alone, 1s 2 fubflance incapable of maintaining animal-
life, and for this reafon it has been called Azote ;
that is to fay, the depriver of life. It is indeed
true, that this name is applicable to all the fuffocat-
ing fluids ; but as this is the one moft common, and
as it continually {furrounds us #, the above appella-
tion has been given to it in preference. =

70. 1V. The bafe of nitrous gas is the fame azoe
combined with a little oxygen.

* It will be feen hereafter (135) that it is of fome utility

to us.
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w1, V. The bafe of oxygenated muriatic gas is
" snuriatic acid {urcharged with oaygen and dephlegm-
ated.

72. VI. The bafe of carbonic acid gas 1s oxygen,
holding in {olution carbon, which is charcoal in its
{tate of purity.

23. VII. The bafe of muriaric acid gas is muriatie:
acid deprived of its {fuperabundant water.

74. VIIL, The bafe of {ulphurous acid gas 1s_fi/-
phuric acid, which has loft a part of its exygen, or
which 1s furcharged with {ulphur; that is to fay,
which by thefe means has become fulphurous acid,
and which 1s deprived of its fuperabundant water.

7¢. 1X. The bafe of the fluoric acid gas is fuoric
acid, deprived of its fuperabundant water.

76, X. The bafe of ammoniacal gas is ammonia,

or cauftic volatile alkali, deprived of its fuper-
abundant water.

77. The four laft gafes are acids or alkalies, as
highly concentrated as they can be, fince they are
deprived of all their fuperabundant water.

78. XI. The bafe of pure hydrogen gas is an
unknown f{ubftance, to which chemifts have given

the
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1. Atmofpheric dir, |

8z, Atmofpheric air was long confidered to be an
element, a fubftance, all the parts of which, fimilar
to each other, were fimple and indecompofable. It
is now known that atmofpheric air is effentially com-
pofed of two elaftic fluids, very different from each
other (67) viz. owygen gas, afluid abfolutely necef-
fary for the refpiration of man and animals, as well
as for the combuftion of bodies; and a mephitic fluid
called Axotic Gas, in which burning bodies are im-
mediately extinguilhed, and animals {peedily fuf-
focated.

86. The firlt of thefe fluids, oxygen gas, is de-
ftroyed or abforbed by the combuftion of every
body whatever : the fecond, azotic gas, is abfolutely
incombuftible. To be convinced of this fa&, you
may make the following experiment :—

Exp—On the fhelf EF (fg. 4.) of the pneu-
'matic tub, place a bell glafs (fg. 5.) filled with
atmofpheric air, {o as to cover a lighted taper float-
ing on a fmall bit of wood. The adivity of the
#ame will always continue to decreafe till the taper
Is at length extinguithed ; and, in the mean time,
the water of the tub will afcend into the bell. When
the apparatus has cooled and returned to the tem-

perature which exifted before the experiment, you '
will
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will find about a fourth part of the bell filled with
water.

- 8. This water has ‘affumed the place of the
fluid abforbed ; what remains is only mephitic gas,
capable of {uffocating animals and extinguifhing
burning bodies. The refpirable fluid, therefore,
has been deftroyed by the combuftion. It has been
proved by experiments made with great care, that
in well conftituted air, 100 parts in volume contain
28 of oxygen gas and 72 of azotic gas. The azotic
gas which remains under the bell is not pure: in
this cafe, it is mixed with another elaftic fluid, car-
bonic acid gas, which is always produced by all
burning bodies. This laft gas i1s readily abforbed
by lime-water, with which 1t combines to form
chalk : mothing, therefore, is neceffary but to agi-
tate this mixture {trongly in lime-water : the car-
bonic acid gas wil! be abforbed, and the azotic gas

will remain pure.

.- 88. Atnrolpheric air, therefore, is not a fubftance
all the parts of which are homogenous, fince fome of
them are deftroyed by the combuftion of bodies,
and others of them remain unalterable by that proof.
In atmofpheric air, then, there is only about a fourth
part fit for refpiration and combuftion, while the
other three-fourths are not fo.

Let us now examine {eparately the two fluids of
which atmofpheric air is compofed.

2 Pure
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2. Pure, or Fital Air, called Oxygen Gas.

89. Pure air is compofed of a bafe called Ozygen,
combined with a large quantity of ‘caloric (68).
This bafe has been diftinguithed by the name of
Oxygen ; that is to fay, the generator of acids, be-
caufe it is the real acidifying principle : the princi-
ple without which there would be no acid. To this
air Prieftley gave the name of Dephlogifficated Air.

gc. This fluid exifls naturally in our atmofphere,
and forms about a fourth part of it but it may be
obtained allo by the affiftance of art. It may be
extratted merely by heat from a great number of
fubftances, but, in particular, from native oxide of
manganefe, and thofe metallic oxides which can be
revived without the addition of inflammable matters,
fuch as the oxides of mercury. Mercury precipi-
tated per /e, and the red precipitate, furnifth a large
quantity of it. The cafe 1s the fame with native
oxide of mangancfe. |

gr1. This fluid, however, 1s not entirely contain-
ed in thefe fubftauces; theycontain only the bafeof it
which is oxygen; formetals donot calcine or burn but
by combining with oxygen, which affumes in them
the folid ftate, and increafes their weight. This oxy-
gen may be afterwards expelled by heat; and as it
then combines with caloric, it pafles to the ftate of
elaftic fluid, and thus we have pure air. During

this
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95. Pure air exhibits no fign of acidity, though it
is the generator of all the acids, the principle with-
out which there would be no acid ; for it does not
redden blue vegetable colours, as all the acids do.

g6. Pure air is not abforbed by water ; itis not
at all foluble in that fluid, but it is abforbed almoft
entirely by nitrous gas, with which its oxygen com-
bines, as we (hall fhew hereafter (197); and this
combination, which is entirely foluble in water,
forms nitrous acid. |

g97. Pureair ferves, in an eminent degree, for the
purpofes of refpiration. An animal inclofed in a
fpace filled with pure air, would live in it four times
as long as 1t would do if the fame fpace were filled
with atmofpheric air ; for, in the firft cafe, the
animal would find four times as much fluid fic for
refpiration as it would in the other, becaufe atmo-
fpheric air contains only a fourth part of pure
air (go).

98. Pure air then is the only fluid proper for
maintaining animal life : the reafon is as follows :—
A great deal of caloric is required for the {upport of
life, and pure air is the only one of all the elaftic
- fluids which can furnifh it : 1ft, Becaufe it conrains
more of it than the reft; =2d, Becaufe its bafe has
a greater affinity for carbon and hydrogen than the
bafes of the other gafes: but a certain quantity of
carbonated hydrogen gas is difengaged from the

D blood
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ftate by quitting the bafe of this air, in proportion
as that bafe becomes ﬁxed in the hurﬁing'bod}".

1o1. If a fire be urged by a current of pure air,
its activity will be confiderably increafed, as has been
proved by Prlefﬂey -and Lavoifier.’ "We are ac-
quainted with no degree of heat {o ftrong asthat
exmted in th:s manner.

1c2. The bafe ‘of pure air (uxy’gén) is'one of the
confticuent parts of ‘water, as fhall be pl uved hﬂ'I‘E-

after (275)-

103. Pure air, or oxygen gas, may be eafily de-
compofed by phofphorus, fulphur, and char-:c-a] as
has been proved by experiment. i ,

To operate with more accuracy in fuch experi-
ments, you muft not employ atmofpheric air, but,
as much as poffible, pure vital air, or oxygen

gas.

104. Exp. A receiver capable of containing five
or fix pints*, and placed over a water pneumatic-
tub (fig. 4), was filled with oxygen gas, and after-
wards removed to a mercurial apparatus (fig. 6),
by means of a glafs-capfule introduced below it ; the
furface of the mercury was well diied With a piece of
blotting-paper, and fixty-one grains and a fourth 4

* 5 or 5% litres. |
+ 3% grammes. i

1 2 113
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t03. The quantity of oxygen gas employed was
162 cubic inches® : after the abfurptmn there re-
mained 232 cubic inches+, fo that the quantity of
oxygen gas abforbed was 1381 cubic inches}, or
69'375 grains§. There were only about 45
grains|| of pho[phnrus burnt; for about :6 4 graing *#
were found remaining in the cups.

106. In this experiment 45 grains of phofphorus,
combined with 69°375 grains of oxygen and
formed 114375 grains 4+ of white flakes, which
were real concrete phofphoric acid ; from which we
may conclude, that 154 pounds of pxygen would be
required to {aturate 100 pounds of phofphorus, from

which there would refult 2 54 pounds of concrete
phofphoric acid.

107. This experiment proves that, at a certain
temperature, oxygen has more affinity for phcfpho-
rus than it has for caloric ; confequently that phof-
phorus decompofes oxygen gas by feizing on its
bafe, and that the caloric, then affluming a ftate of

liberty, paffes into the furrounding bodies, and pro-
duces in them heat.

* About 3213493 cubic millimetres,
1 461196 cubic millimetres.

3 2742379 cubic millimetres,

§ 3 grammes, 685 milligrammes.

Il 2 grammes, 390 milligrammes.

** 863 milligrammes,

11 6 grammes, 75 milligrammes.

D2 108. The
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" riostWhen the whole apparatus-has cooled, and
you have afcertained the quantity, of oxygen gas em-
ployed; weigh the balloon again before you open it.
Then wath, dry, and wmgh the fmall quantity of
phofphorus remaining in the cup, in.order thav
it may be deducted from the whole quantity of
phofphoris employed in the experiment, By ob-
ferving thefc preceptsy it will be ‘eafy to determine,
1t, T he weight of the phofphorus burnt ;< 2d, The
weight' of the oxygen gas which has combined with
the phofphorus ; 3d, The weight of the flakes ob-
tained by the combuftion. ‘This experiment will give
nearly the fame refults asthe preceding.

1r1. Tt thence appears that the phofphorus, in
burning, combines, itfelf with oxygen equal to one
and-a half of 1ts own weight ; and that the weight of
the white flakes, or concrete phofphoric acid, pro-
duced, 1s equal to the fum of the weight of the

phofphorus burnt, and that of the oxygen combined
with it,

312, Infuch cafes a great deal offheat is pro-
duced, and indeed experiment proves ‘that 204
pound * of phofpliorus in burning can diffolve a lit-
tle more than 100 poundsof ice.. This combination
excites therefore above 13000 degrees of heat (332).

- 113.-The sombuflion of phofphorus {ueceeds al-
ﬁ‘ n ﬁtmﬁﬁhﬁrlc air, with- this drﬂ'erenue iy

HES q"i N

»* A Iwﬂagramme.

D4 . T hart

g |
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That the combuftion is much lefs rapid, as it is
checked by the mephitic part of the air ; 2d, That
there is only about a fifth of the air abforbed, the
abforption taking place entirely at the expence of the
oxygen gas. |

114. The phofphorus by its combuftion is
transformed therefore into a new {ubftance, and it
acquires properties entirely different, From being
infoluble in water, it not only becomes foluble in
that fluid, but it attrats the moifture contained in
the air withaftonifhing rapidity ; and it refolves in-
to a liquor much denfer than water, and of a {pecific
gravity much greater. The phofphorus before ' =
combuftion has fearcely any tafte : by its combina-
tion with oxygen it acquires a tafte exceedingly four
and pungent, and becomes what is called an acid :
in a word, from the clafs of combuftible, it pafles in-
to that of incombuftible fubftances.

115. This convertibility of a combuftible intoan
incombuftible fubftance ; in a word, 1nto an acid,
by the addition of oxygen, is, as we fhall fee hereaf-
ter (802 ¢t feq.) a property common to a- great
number of bodies. In general, therefore, we give
the name of Ouaygenationto the combination of every
combuftible body with oxygen.

116. Sulphur alfo is a combuftible body, which
has the property of decompofing pure air, and of
raking oxygen from calorics This may be eafily

proved
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proved by experiments entirely fimilar to the pre-
ceding (104 ¢t fég). But it muft here be obferved
that it is impoffible, when operating on {ulphur, to
obtain refults fo accurate as thofe obtained with
phofphorus ; becaufe the acid formed by the com-
buftion of fulphur is difficult to be condenfed ; and
becaufe the fulphur itlelf burns with great difficulty,
and is fufceptible of being diffolved in different

gafes.

119, Butyou may afcertain, after the experiment,
that the fulphur in burning combines with the bafe
of pure air ; and that the acid which 1s then formed
is much heavier than the {ulphur was, for its weight
is equal to the fum of the weight of the fulphurand
that of the oxygen which has combined with it:
this, therefore, fhews that the acid did not exift en-
tirely formed in the fulphur, as the old chemifts pre-
tended ; 1n the laft place, that this acid 1s ponderous,
incombuftible, and fufceptible of combining with
water In every proportion : no uncertainty remains
but in regard to the quantities of fulphur and oxygen
which conftitute that acid, called Sulphuric or Sul-
phurous Aeid, according to the greater or lefs quan-
tity of oxygen combined with it. =

118, Carbon, which may be confidered as a fim-
ple combuftible fubftance, has alfo the property of
decompofing pure air, and of taking its bafe from
caloric.  But the acid which refults from this com-
buftion neither condenfes itfelf into a liquor, nor af~
g fumes
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oxygen which {erved to form it.  This aeriform
fluid is known at prefent under the name of Carbo-
nic Acid Gas.

121. It has been afcertained by means of the calo-
rimeter (fig. 46)thata pound of charcoal, in burning,
is capable of diffolving ninety-fix pounds fix ounces
of ice. In this operation two pounds, nine ounces,

‘one dram, and ten grains_of oxygen combine with
the charcoal, and there are formed three pounds,
nine ounces, one dram, and ten grains of carbonic
acid gas, a cubicinch of which weighs 0*6g5 grains.
The combuftion of a pound of charcoal * forms
therefore 4*} 358 cubic inghes, or above 27 cubic
feet ++ of carbonic acid gas.

122. Thefe examples are fufficient to thew that
the formation of the acids is effeted by the oxygen-
ation of any body whatever. It is here feen that

~oxygen 1s a principle common to them all ;* that i
15 it which occafions their acidity ; and that they are
all afterwards diftinguifhed from each other by the
nature of the acidified {ubftance, that is, by the na-
ture of their bafe. In every acid we muft difcri-
minate the acidifiable bafe, to which Guyton-Mor-
veau has given the name of Radical/, and the acidi-
tying principle, which is oxygen.

. * 489506 milligrammes.
1+ Above nine heftolitres.

t 123. There
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gen, the names of which have been made to termi-
nate in'7e 3 fuch as the mitric and falphuric acids, &c. :
the fourth degree of oxygenation conftitutes thofe
which are more than faturated with oxygen, and
which are called Ouxygenated ; fuch is the oxygenated
muriatic gas.

CL,ASS, Ik
| Of the Suffocating Elaftic Fluids.

126. Thefe fluids are thofe which can ferve nei-
ther for refpiration nor for maintaining combuftion
and animal life. Of this nature are all thofe gafes
of which we are now going to treat (58). We
have divided them into three orders ; 1ft, Thole
which are not faline; 2d, Thofe which are f{aline :
3d, Thofe which are inflammable (59).

We fhall firft fpeak of thofe which are not fa-
line (60).

ORDER 1.
Non-Saline Gafes,

127. Thefe gafes are thofe which are neicher acid
nor alkaline (60), fuch as azotic gas, nitrous gas,,
and oxygenated muriatic gas. |

8. Azotic Gas.

128. Azotic or atmofpheric gas is the non-ref] pi-
rable part of the atmofphere, of which it forms

ncar!y
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tions of calori¢ abandoned by the pure air, continu-’
ally ferve 'to- repair that lofs of natural ‘heat which
animals are every moment fuftaining. The pure
air - being torally employed in thefe two functions,
the azotic gas remains alone; and is'expired along
with the: carbonic a{:ld “’ﬁ'hlch has' been formed

(98- Badlaw Lisw 6o0ld

' 132.' Durmg the cﬂmbuﬁlon ofb::d:es, a part of
{he,ﬂxibm of the pure air combines with the burn-
lrig od*}ru':: anuther part combines with the carbon
furmlh ed b}rahe combuftible body, and forms car-
Bunlcf m;ld gas, while the azotic gas remams mixed
wztb t,he c;'.[}bumc acid gas which has been formed

- 133, Iu Eun;efa&mn as in combuftion, a part of
the oxygen nrthe pure air combines with the putre-
fymg bﬂd}, WTH],,& another part combines with' the
carbon furnithed by the putrid matter, and forms
c&rbamc acid | gas 3 and the azotjc gas is found to re-

mam m:xed wu:h the carbﬂmc acid gas.

._.-

154. It is feen, thercfore, that in all thefe cafes
the azotic gas is found mixed with carbonic acid
gas, from which it may be eafily freed by fhaking
the whole in'lime water :  the carbonic actd com-
bines with the lime and forms chalk, while the azo-
tic.gas remains pure, :

135 There are {everal methods of obraining azo-
uc gas ‘pure: the moft ufval is the procels of
Scheele, which confifts in expofing a determined

quancity
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quantity of atmofpheric air over {ulphuret, or liquid
liver of {ulphur under bell-glaffes : the fulphuret gra-
dually abforbs the bafe of the oxygen gas, and, when
the abforption is complete, the azqtic gas remains
pure. 2d, It may be obtained alfo, according to
the difcovery ‘of Berthollet, by treating mufcular
fleth, or the fibrous part of blood well wathed, with
nitrous acid, in a pneumatic apparatus ; becaufe
azote, the bafe of this gas, 1s a conftituent part in the
compofition of flefh, and ferves to animalizeit: but
the animal matters muft be very freth; for if they
are tainted, they furnifh carbonic acid gas, mixed
with azotic gas.  4d, It is extracted from nitre by
detonation with fome combuftible body ; but if
the combuftible body employed be charcoal, the
azotic gas is found mixed with carbonic acid gas,
from which it may be afterwards freed by means of
caufiic alkali or lime-water, 4th, Itis extrafted al-
{fo by means of the combination of ammonia with
the merallic oxides : in this combination the hydro-
- gen of the ammonia joins the oxygen of the oxide,
‘and forms water; and the azote is difengaged under
a gafeous form.

136. Azotic gas will be found pure alfo in the
refiduum of air, which has ferved for the oxidation
of merals, as well as in the refiduum of air which has
been mixed in due proportion with nitrous gas (197)
becaufe the metals and the nitrous gas combine
with the oxygen, the bafe of pure air: after this
combination there remains nothing but azotic gas.

137. Fourcroy
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137. Fourcroy has difcovered that the air-blad-
ders of fithes are filled with azotic gas, and that to
colle& it, nothing is neceflary but to burft thefe blad-
ders under bells filled with water.

138.¢Azotic gas is fomewhat lighter than atmo-
- fpheric air: ats {pecific gravity 15 to that of air as
9631 Is 10100, and to that of diftilled water as
1139048 1510 100003 fo that the cubic inch of this
fluid weighs 0 4444 of a grain; and the cubic foot
1 ounce, 2 drams, 48 grains *.

139. *Azotic gas, when pure, has no fenfible
odour or tafte.

140. Tt is not foluble, or at leaft very little {o, in
water.  This may be proved by putting into a long
glafs wwbe (#g. ¢) divided into equal parts by
{cratches:made with a diamond, three or four mea-
fures of this gas, and then ftrengly {haking the twbe
in water with its aperture downward : its v nlume. will
-not be fenfibly diminithed.

1. Azotic gas gives no fign of acidity : it does
-not redden blue vegetable colours, as all the acids

~do, nor doees it precipitate lime from a fulutmn of it
in water.

* According to the new {yftem of meafures, a cubic deci-
metre of this gas weighs 1 gramme, 190 milligrammes ; and the
cubic metre 1 chiliogramme, 190 grammes, and 64 milli-

- frammes,

E . i) 142, Azotic
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142. Azotic gas fuddenly extinguiflies burning

bodies, and {uffocates {peedily and with great encr-
gy animals immerfed in it.

143. Azotic gas becomes relpirable by the vege-
tation of green plants, becaufe thefe vegetables occa-
fion a production of pure air, as they abforb the hy-
drogen of the water, which becoming decompofed,
ferves for végttation, and by thefe means leaves
free the oxygen, which, combining with caloric,
forms pure air.  If ro 72 parts of azotic gas you add
28 parts of pure air, you will form an air fimilar to
that of the atmofphere, and, like it, refpirable (87).

144. A=zote, the bale of the azouc fluid, is one of
thofe principles molt abundantly diffufed through-
out nature. When combined with caloric it forms
‘azotic gas (r29) which always remains under a
cafeous form, and which makes about three-fourths
“of the fluid that we refpire ; combined with hydro-
gen, it forms ammonia (847) ; with oxygen it forms
either nitrous oxide, the bafe of nitrous gas (70) or
the nitrous or nitric acid (806) according to the de-
gree of oxygenation : combined with carbon, phof-
phorus, or fulphur, it forms ezoturets; for thefe
“three fubftances are fufceptivle c:-f being diffolved in
azotic gas.

146, Awote s one of the elements alfo which
conflitute animal mateers : it is there combined with
carbon and hydrogen, and fometimes with phof-

phorus ;
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pEm‘us; the whole are connected by a certain por-
tion of oxygen, which reduces them to the flate of
oxide, or even of acid, according to the degree of
oxygenatioh. The nature of animal matters may
therefore vary, like that of vegetable matters (1003
et Jeg.) three ways : 1ft, In regard to the number of
the fubftances which enter into the combination of
the radical ; 2d, In regard to the proportion of
each of thefe fubftamces; 3d, In regard t0 the dé- -
gree of oxygenation.

146. We have every reafon to believe that azote
isa fimple and elementary {ubftance ; at any rate it
has never yet been decompofed : and this circum-
ftance is fufficient to induce us to confider it as an
element,

Having analyfed the two {ubftances which effen-
tially conftitute atmofpheric air, it will now be pro-

per to examine what are the phyfical properties of
that air_in which we live.

Of the Phyfical Properties of Aimofpheric Air.

147. We have already (85) (hewn that atmofphe-
ricair is a mixture of two elaftic fluids, one of which
Is pure air of oxygen gas (89) and the other azotic
gas (128). The firft of thefe fluids is the only one
proper for maintaining animal life (98) and the com-
buftion of bodies (100) ; by the fecond, if alone, we

l thould {peedily be fuffocated ; and burning bodies .

: E 2 immerfed
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1¢0. Air never becomes a conftituent part of any
body ; but its bafes (68 and 69) viz. oxygen and
azote, enter into the compofition of a great number
of badies : oxygen enters into the compofition of
all the oxides, all the acids, &e.: and azote into
that of animals, that of fome vegetables, that of the
nitrous oxides and acids, that of ammonia, &c.
provided thefe bafes ceafe to be cqmbin:d with ca-
loric.

151. While thefe bafes remain combined with
caloric, they form a fluid which always retains that
ftate : this conftant fluidity 1s occafioned by elafti-
city, which continually tends to dilate the mafs, and
which preferves the refpective mobility of its parts.

152. Air adheres with great farr:e: to the furfaces
of bodies.

153. Air isa keavy fluid, and its {pecific gravity
‘isto that of diftilled water as 1 to 809, from which
we may conclude that a cubic inch of air weighs

04601 grain; and a cubic foot, 1 ounce, 3 dratns,
3 grsuns.ﬁ‘F

154. Airis a compreffible fluid : it is comprefled
by its own weight, and by every force which acts
upon it. But what is the relation which exifts be-

* According to the new {yflem, a litre of air weighs one
gramme, 232 milligrammes 3 and the chiliolitre or cubic
metre, weighs 1 chiliogramme, 231 grammes, 905 milligrammes,

s tween
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tween the condenfation of the air and the comprefi~
ing force ? It is proved by experiment, that compre/J-
ed air decreafes in volume in the fame ratio as that in
which the comprefling force is increafed ; from which
we conclude, that the air is condenfed in the diredd
raljo of the weight with which it is f&argﬁd. '

155. Airis an elaffic fluid, and its cla&mt}f al-
ways tends to dilate its mafs. -

156. The elalticity of air 1s perfedt ; that is to
fay, when the force which compreffes air ceafes to
alt, 1t recovers its former ftate, 1ft, Completely ;
2d, With the fame promptitude as that with which it
was comprefled. |

157. The elafticity of the air is alfo unalterable:
the {pring of the air isin no manner changed, either
by the force ar continuance of compreffion. Ro-
*_ berval found that a mafs of air which had remained
in a ftate of compreflion for fifteen years, retained
as much elaftic force at the end of that long period
as it would have pofleffed a moment after its com-
preffion.

128. The fpring of the air increafes as its den-
fity, and in the fame ratio; fo that the fpring of the
air 1s always equal to and in equilibrium with the
compreffing force; and by 1ts reattion, it is capable
of producing the fame effegt as would be produced
by that power.

159, Meat



r OF EI-IEMIS_TRY. 55

159. Heat applied to a mafs of air, produces on
it one of the two following effects : 1ft, It increafes
its volume, if that volume is at liberty to be extend-
ed ; 2d, Ifthe volumeof the air cannot extend itfelf;
if it be checked by any obftacles, the heat increafes
its {pring in proportion as the force which confines
the air 1s greater.

160. Atmofpheric air is not only a fluid effen-
tially neceflary to maintain animal life, but is more
particularly appropriated for that function. We
have already proved (85) that atmofpheric air is
compofed of one part of a fluid effential to the re-
{piration of man and other animals, and of three
parts of a mephitic air, which, if alone, would be
capable of fuffocating them. . We have fhewn alfo
(99) that this fluid, eflential to refpiration and life,
if alone, might deftroy our exiftence by furnithing
too much caloric, and occafioning an 1nflammation
of the lungs. But its ativity is moderated by the
mephitic air or azotic gas, the bafe of which per-
forms another function, for it enters into the com-
pofition of fleth, and ferves to animalize it (133).
Atmofpheric air, therefore, is the fluid beft fitted for
mamtaining the life of man and of animals.

161. Atmofpheric air, and, in particular, pure
air, which forms a part of it, is effentially neceflary
for the combuftion of bodies; fo that the moft
combuftible matters cannot inflame unlefs in con-
tat with air 5 and thofe already inflamed are [peedily

extin-
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extinguifhed if deprived of it. The reafon of this
15, as before faid (100) that combuftion is nothing
elfe- than the combination of oxygen, thie bafe of
pure air, with the combuftible body. If this oxygen,
therefore, be wanting, combuftion cannot rake
place.

Of dir, confidered as the Atmofphere of the Earth.

162. In whatever fituation we may be placed, we
are always immerfed in air, without which it would
be impoffible for us to exitl (147); the earth,
therefore, is everywhere enveloped in air. To this
covering, which preflfes on the earth, and which
is carried round with it in its diurnal and annual
motion, we give the name of the Zerrefirial Ai-

mofphere.

163. The atmofphere is a fiuid, mixed with a
great quantity of foreign fubftances. Of this we
may be fully convinced, merely by reafoning ; for
as nothing that has been created 1s annihilated, it
is evident that every thing which ‘is diffipated and
difappears pafles into the atmofphere ; and as we do
not meet with the fame fubftances at all times and
in all places, its ftate muft vary according to time
and place. ' :

164. The atmofphere may be confidered under
rwo points of view : 1ft, As a fluid" at reft, or, at
leaft
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lealt refpeftively fo to us; 2d, As an aguated
fluid.

The Atmofphere, confidered as a Fluid at Refi.

W

165. We have already faid (153) that air is a
heavy fluid ; but the atmofphere is compofed of air,
and therefore the atmofphere is heavy. But its
weight is that of a fluid, and confequeatly 1t muft
increafe or decreafe according to the perpendicular
height of the columns, and according to the breadth
of their bafes. " It1s, indeed, according to thefe pro-
_portions that it acts on the earth and on us, as has
been proved by experiments.

166. It would be gratifying to curiofity to be able

to determine the height of the atmofphere; burt this

1s exceedingly difficult, if notimpoffible. The weight
of a column.of our air would giveus that height, were
the air of the atmofphere of the fame ‘denfity

throughout its whole extent ; or, at any rate, 1f we

could afcertain by what progreflion the air dilares

itfelf in proportion to 1its diftance from the earth,

and to its being lefs charged by the {uperincumbent -

{firata. But this knowledge we have never yet been

able to obtain, or, at leaft, we have obtained it only

in regard to the lower part of the column ; and, even

in that cafe, we approach only near the truth,

167. De la Hire, in r:t}nfequen& of an idea of
Kepler, was induced to employ the crepufculum,

or
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mous, fince it is equal to the weight of 30,000
pounds. We, however, are not {enfible of 1it, be-
caufe we refpire the fame fluid as that to the preflure
of which we are expofed, and becaufe this preflure
canfes a continual fenfation 3 and, it 1s well known,
that it is only things with which we are not habi-
tuated that make an impreffion on our fenfes.

169. We-have already faid (163) that the air
contains a great many foreign {ubftances, different in
theif nature, which arife from the earth, Thele
{ubftances we divide into twa clafles : the firlt com-
prehends all thofe which in their nature approach te

~water, and which are called Papowrs 5 the fecond
includes the faline, fat, {pirituous, &c. matters to
which we give the name of Exkalations. All thele
{ubftances, differently mixed or modified, aflume
different forms, and produce different phenomena,
called Meteors.

170. Meteors then are phenomena which take
place in the atmofphere. They are divided iato
three kinds : agueous, luminous, and flery meteors.

71 Aquec.-us meteors are produced by the wa-
ter contained in the atmofphere, either in the ftate of
vapour, or in folution. Such are the evening and
morning dew, fogs, clouds, rain, fnow, hail, &c.

172, The luminous meteors are thofe which ex-
hibit the prifmatic colours by the decompofition of
bght. Of this kiad are the rainbow, crowns, &c.

173, Flery
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173, Fiery meteors,are thofe which occafion in-
flammation or combuftion in the atmofphere ; as
lghtning, thunder, fire-balls, the aurora borealis, &c.

The Atmofphere, confidered as an Agitated Fluid.

174. In the air of the atmofphere two kinds of
movement are obferved. One is merely a tremu-
lous or vibratory movement, communicated to the
parts of this fluid, and which agirates them for
fome time without difplacing them. It is this
movement which conveys found. The other
15 a real movement of tranflation, by which a con-
fiderable portion of the atmofphere is impelled
from one place to.another, with a greater or lefs ve-
locity, and in one determinate direction. This
movement produces the wind.

Of Sound.

175. Sound 1s occafioned by a vibratory motion
exeited in a fonorous body, in confequence of the
impulfe of another body, and communicated after-
wards by the fonorous body to the fluid which fur-
rounds it, and tranfmitted by the latter to the ear, the
organ deflined to receive its impreffion.

- 176. From this definition, it follows that found
ought to be confidered under three different points
of yiew : 1ft, In theTonorous body which gives birth

to
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to it 3 2d, Tn the mediam which tran{mits it ; 3d, In
the organ which receives the impreffion.

177. That bodies may be fonorous, it is neceffary
they fhould be elaftic ; and their found in regard to

“duration, intenfity, or force, is proportioned  to their
vibrations.

178. We cannot be fenfible of the motion “of bo-
dies which are at fome diflance, but by means of
2 medium capable of tranfmitting that ‘movement
to us: Without fuch a medium, therefore, we
fhould have na perception of the vibrations of a fo-

norous body. Elaftic fluids are the mediums beft
fitted for that purpole.

179. Air 1s the moft common medium through
which found tranf{mits icfelf ; and it is conveyed and
extended to a greater diftance in proportion to the
greater denfity of the fluid through which it is pro-
pagated. Soundis tran{mitted alfo by liquors ; for,
though they are not very elaftic, they are not al-
together deftitute ‘of fpring. ' Sound may be tranf-
mitted allo by folid bodies, provided they have
- the neceflary degree of elafticity.

180. When found mests with obftacles, it
changes its direction, and is refleed. This'is what
caufes echoes, which never take place in plains.
To produce an echo, it is neceflary that there thould
be fome objets elevated above the level country.

No



62 . PHYSICAL PRINCIPLES

No echoes, therefore, are heard at fea, nor in plains
where there are neither trees nor houfes ; but they

are very common in the woods, in valleys, oppofite
to rocks, on mountains, &c.

181. The ear is the organ deftined to receive
founds : hearing then is a {enfation excited in us by
founds received into the ear. The found firft
reaches the exterior part of the ear, having the form
of a funnel, in order to favour the entrance of a
greater quantity -of the fonorous radiu, which
through the meatus auditorius, are conveyed to the

tympanum ; and thence tran{mitted to every inters
 pal part of the ear. Thefe fenfations are afterwards
conveyed to the fenforium of the brain, by means of
the auditory nerve, which is divided nto feveral
branches, fubdivided into fmall fibres, and difiri-
buted to every part of theear.

Of the Winde.

182. Wind is a movement of the air, by which
a certain portion-of the atmofphere is impelled from
one place to another, with a greater or lefs velocity;
and in a determinate direCtion. It is from this di-
reCtion that names given to the winds are deduced 3
for they me diftinguithed by different appellatiens,
according to thedifferent points of the herizon from
which they blow.

183. The
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183. The winds are divided into general and con-
flant, periodical or regular, and variable winds. Ge-
neral winds are thofe which always blow from the
fame quarter : fuch are the #rade-winds, which pre-
vail between the tropics, efpecially in the open ocean,
and which conftantly blew from eaft to welt, wich
{mall variations, occafioned by the changes in the
{un’s declination. '

184. The periodical or regular winds, are thofe
which blow periodically from one point of the hori-
zon at one feafon, and from a different point at an-
other : of this kind are the monfoons, {uch as thofe
which blow from ihe fouth.eaft between October
and May, and from the north-eaft between May and
O&ober, near the coaft of Zanguebar and the ifland
of Madagalfcar.

185. The variable winds are thofe which blow
fometimes from one quarter, and fometimes from an-
other; which begin and ceafe without being {ubjelt
to any rule in regard to time or place, and which
vary in their duration, diretion, and velocity. Such
are thofe which prevail at London, and in many
other parts of Europe. '

186, The winds are occafioned, in general, by the
equilibrium of the air being deftroyed ; fo that thofe
parts which have the greateft force proceed to that
quarter inwhich they find the leaft refiftance. Butwhat
is the caule by which this equilibrium is deftroyed ?

Qur
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Continuation of the Suffocating Elaftic Fluids.

4. Nitrous Gas.

189. Nitrous gas was difcovered by Hales ; but
Prieftley miade khown thie greater part of its proper-
" ties. It does hot exift in a natural {tite, and muft
be obtained by the affiftance of art. It is one of the
conftituent parts of thie nitrous acid ; and it would
be nitrous dcid itfelf were it ot deprived of a large
portion of its oxygen, which makes it ceafe to be an
acid. It is compofed with the fame bafe as that of
the nitrous acid, which is azote (70) holding in 2
ftate of gas two parts of oxygen; that bafe being
¢combined with caloric. In this fate it is not folu-
ble in water; but if you furnifh it with a third part
of oxygen, by combining with that excefs; it be-
comes acid, and very foluble in watef. If in one
part therefore of azote there are only two parts of
oxygen, it is merely a nitrous oxidé; which is the
bafe of nitrous gas ; if there are three parts of oxy-
gen, 1t forms fuming nitrous aci-ﬁ ; i there be four
parts, the refult is white nitricacid. Thefe two laft
compounds are acid, and perfe@tly foluble in water :
the firft is neither acid nor foluble,

1go. It may be eafily (hewn; both by analyfis and
- Tynthefis, that the bafe of the nitrous acid is azote
tombined with oxygen, but not to faturation, which

' ¥ would






OF CHEMISTRY. 6‘7

192. By whatever {ubftance extratted, its pro-
perties are the fame ; but it is obtained in the greateft
quantity by means of metals. = There are fome,
however, by means of which you extract only
azotic gas, becaufe they feize on all the oxygen of
the nitrous acid employed. The flatlk made ufe
of to caufe the acid exercife an aftion on the
metal ought to be entirely filled with the former,
becaufe if any air were left in it, the gas in difen-
gaging itfelf would combine with the oxygen of the’
pure air, and this combination diffelving in the
liquor, would occafion a vacuum which would per-
mit the water of the tub to pafs into the flatk.

193. Nitrous gas is a little heavier than atmo-
fpheric air : 1ts {pecific gravity is to that of air as
10535 is to 100, and to that of diftilled water as
1370179 is to 10000. A cubic inch of this fluid
weighs 0°4860 ; and the cubic foot 1 ounce 3 drams
48 grains *.

194. Nitrous gas, when very pure, is not foluble in
water ; as may be eafily proved by agitating it in that
liquid.

195. It gives no fign of acidity, as it does not
redden blue vegetable colours ; nor does it combine
with alkalies unlefs it be mixed with air, for it then
hecomes acid by feizing on the oxygen of the air.

* According to the new French fvftem, a cubic decimetre
of this fluid weighs | gramme 301 milligrammes; and the cubid
metre 1 chiliogramme 301 grammes 335 milligrammes.

F 2 196. Nitrous
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196. Nitrous .gas fpeedily deftroys plants and
animals immerfed in it ; and it extingpifhes burning
bodies, firlt making the flame affume a green co-
lour.

197. If nitrous gas be mixed with atmofpheric
arr, it becomes red, and has the odour of nitrous
acid ; as may be eafily proved by diffufing a little of
it through the air: it then ablorbs the oxygen of
the air, combines with it, and becomes nitrous acid.
This'may be better fhewn by the following experi-
ment : Put two meafures of atmolpheric air and then
one of nitrous gas into a glafs tube (fig. 9) mark-
ed in equal divifions with a diamond : the mix=
‘ture will immediately become red and grow hot ;
and as this combination, which s really nitrous
acid, 15 very foluble in water (189) you will fee
the water afcend in the tube in proportion as the
mixture diflolves in ir, fo that of the 3 meafures.
about 1% will be diffolved, if the air be of a good
quality. What remains under the gafeous form is
nothing but azotic gas. The heat produced on this
occafion, is owing to the caloric of thefe fluids, which
affumes the free ftate. If, inftead of atmofpheric air,
you mix pure air with the nitrous gas, wiz. two
meafures of gas and one of pure aif, the rednefs wilk
‘be much more intenfe, the heat produced far
greater, and the mixture will be almoft entirely dif-
{olved in the water.

198, If
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198. It may be here feen, that by means of this
gas, we can afcertain the {alubrity of the air; for
it combines only with oxygen or the bafe of pure
air, which is the only refpirable part of the atmo.
{phere. Air fubjected to this teft, ought therefore
- to be confidered as fo much firter for refpiration, ac.-
cording as the quantity of it abforbed is greater.

199, The water in which this mixture of nitrous
gas and pure air is diflolved, becomes liquid nitrous
acid; fo much the ftronger the lefs it contains of
water.  1{t, It reddens blue vegetable colours : it is
therefore acid ; 2d, This acid unites and combines
with alkalies, and forms with them detonating ni-
tres : it is therefore nitrous acid. To prove this,
affix to the botrom of a bell glafs ( fg. 10) fome
concrete carbonate of ammonia tied up in a {mall
piece of gauze, and place the bell on the fhelf E F
(fg. 4) of a pneumatic tub 1in fuch a manner that

_the bell may be two-thirds filled with atmofpheric
air, while the other third contains water. If you
then make nitrous gas to pafs into the bell, the
mixture will immediately aflume a red colour
(197): an effet produced by the combination of
the gas with the refpirable part of the air. By this
combination the gas bas become nitrous acid. You
will then perceive a great deal of white vapours
arifing from the combination of this acid with the
carbonate of ammonia., Thefe vapours are after-
wards condenfed, and cryftallize. The cryftals col-

F 3 lected
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202, This gas then is compofed of muriatic acid
gas (229) and an excefs of oxygen. Itis this oxy-
gen in excels which, though it be the acidifying
principle, deprives it of the whole, or nearly the
whole, of its acidity, and renders it lefs {oluble m
water. This is a fact difficult to be explained. We
have already faid (197 et fég.) that, an excefs of
oxygen added to nitrous gas, produces in 1t a con-
trary effect ; for it gives it an acidity it did not be-
fore poflefs, and renders it perfectly {oluble in water.
It would be difficult to account for thefe different
effetts, but they are fa&s well attefted, which we
ought to adopt though ignorant of the caufe.

203. Oxygenated muriatic gas is not invifible like
the other gafes; it is of a greenifh-yellow colour,
which renders it very perceptible. It has a ftrong
- pungent odour, and is dangerous to infpire, be- °
caufe it excites a violent cough, and might occafion
a hemorrhage.

204. We have before mentioned (202) that oxy-.
genated muriatic gas is not acid, or, at leaft, very
little fo : a proof of this is, that it does not com-
bine or at leaft very little with alkalies, and that it
has not force fufficient to drive the carbonic acid
from the different bafes with which it is combined :
an effect produced by all the known acids, how-
ever weak ; befides, it does not redden blue vege-
table colours, as it would do if it wereacid. It

Fa however
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howevgr deftroys not only blue, but alfo all the other
vegetable colours, and converts them into white.
It deprives all flowers of their colour, and bleaches
cloth, yellow wax, filk, &c. It is by means of its
excels of oxygen that it produces thefe effects ; and
by lofing its excefs of oxygen it returns to the ftate
of fimple muriatic acid gas, which is then entirely
foluble in water.

203. Oxygenated muriatic gas extingui(hes burn-
ing bodies, and fpeedily deftroys animals immerfed
in it, ' | '

206. This gas has the property of decompofing
ammonia: its excefs of oxygen combines with the .
hydrogen of the ammonia (which is compofed of
one part of hydrogen and fix of azote) and forms
water, while the azote is left free. |

207. Oxygenated muriatic gas is not fo foluble in
water as the plain muriatic acid gas, which can in
no manner be colletted aver water: ‘it is however
foluble in 1t to a certain degree (2o1) and then forms
liquid eaygenated muriate, which is the real folvent
of gold, platina, &c. as may be proved by putting
into that liquor fome gold leaf, which will be {peedily
diffolved.

208. In.the nitro-muriatic acid it is the agent

that diffolves gold, for that acid is a mixture of
muriatic
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muriatic acid and nitric acid. In this mixture, the
" muriatic acid, the radical of which has a great af-
finity for oxygen, combines with the oxygen of the
nitric acid, and, by thefe means, becomes oxyge-
nated muriate (807) and the bafe of the nitric acid
remains free ; fo that in this liquor no more acid
- perhaps is left.  The nitric acid has loft 1ts acidity
by lofing its oxygen, and the muriatic acid has loft
jts acidity by combining with the oxygen of the ni-
tric acid. Thefe are two fats which, as already
faid (202) are difficult to be explained.

209. The oxygenated muriate is gradually de-
compofed by the contact of light which difengages
its excefs of oxygen. By lofing this excefs of oxy-
gen it pafles to the ftate of pure muriatic acid ; and
the oxygen thus difengaged combining with caloric,

.=forms pure air, called Oxygen Gas.

ORDER 11.
% Saline Gafes.

210. Thefe gafes are thofe which are ‘either acid
or alkaline (61); of the latter there is only one
found in a natural ftate ; all the reft are the pro-
duction of art, ;

Carbonic
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light. You will then find in the bell carbonic acid
gas, the weight of which will be equal tothat of the
pure air employed, plus the weight loft by the char-
coal. This may be proved by introducing below |
the bell a known weight of liquid cauftic alkali,
which will abforb the carbonic acid gas formed
during the combuftion, and the weight of the alkali
will be increafed by a quantity equal to the weight
of the carbonic acid above mentioned. |

213. In this operation the oxygen, which by its
combination with caloric formed pure air, combines
with the carbon* and a portion of the caloric, and
forms carbonic acid gas ; the remainder of the calo-
ric 1s difengaged, and, accompanied with heat and
light, affumes a ftate of freedom. In this cafe there
is indeed too much caloric ; for the carbonic acid, to
aflume the gafeous fofm, has no need of fo large a
quantity of caloric as pure air has.

214. Carbonic acid is found in a natural ftate
_1n fome caverns, in the galleries of mines, and in dif-
ferent {prings; itis this gas which renders the wa-
ter of fome {prings fpirituous and acidulous. Of this
kind are the waters of P yrmont, Saint-Mion, Seliz,
Pougues, Chateldon, Buffang, the Spa, &c.

* Common charcoal is compofed of an earthy bafe and a
carbonaceous fubftance, called by the modern chemifts Cardon.
This carbon only is foluble in certain gafes, and the earthy bafe
is what forms the afhes after the combuftion of the charcoal.

215. Carbonic
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gree of cold : the colder it is, the more it diffolves :
but even-in that cafe it can only diffolve a volume
equal to about its own.

“ 518, Water which holds carbonic acid gas 1n f{o-
lution has an acidulous tafte, and poflefles the fame
properties as thofe mineral waters which are merely
gafeous. This water isreally acid, for 1t reddf:ns tinc-
ture of turnfole, and precipitates lime from its{olution
in water, The gasitfelf produces the fame eflects : in
combining with the lime it forms carbonate of lime,
known under the name of Chalk, which is not folu-
ble in water : thisis the reafon why it 1s precipitated.
Lime-water, therefore, is a teft proper for detetting
this acid gas.

219. Lime diffolved in water is precipitated alfo
by the fluid expired by animals: this may be eafily
proved ; for if you breathe through a tube into a
glafs containing lime-water, in fuch a manner as to
make the breath pafs through the water, you will
fce the lime precipitated.

220. Carbonic acid gas, therefore, is formed in

the breaft, as we have already faid (¢8) by the com-

p Dination of the oxygen of the air with the carbon-
aceous matter difengaged from the blood in the

lungs ; and this gas is afterwards expired with azotic
gas (128).

z221. Carbonic
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221, Carbonic acid gas combines with alkalies,
and makes them cryflallize, by forming with them
neutral falts.  To perform this experiment, puta -
little pure liquid cauftic alkali into a bottle filled
with this gas, and clofe the mouth of it by means of
a moiftened bladder ; if you then extend the alkali
well over its fides, there will be a diminution of its
volume, owing tg the gas being abforbed by the al-
kali, which will be proved by the depreffion of the
bladder : heat, occalioned by the caloric of the gas
becoming free, will be excited during the combina-
tion, and on the fides of the bottle you will foon af-
terobferve cryftals, which ftill become larger.

222. Carbonic acid gas is heavier than atmofphe-
ricair. Its {pecific gravity isto that of airas 1 50°60
is to 100, and to that of diftilled water as 18-6161
is to 10000. A cubic inch of this gas weighs 0*6950
of a grain ; and the cubic foot 2 ounces, o drams,
4896 grains*.  That it is heavier than atmofpheric
air may be proved by pouring carbonic acid gas,.as
you would water, into a veflel full of air ; the gas
being heavieft, will difplace the air, and force it to
iflue from the veflel : it may be proved alfo by im-
merfing in the veflel a lighted taper or a live animal.
The taper will be extinguithed, and the animal will
be {peedily fuffocated ; neither of which would have
been the cale had the vellel remained full of air.

% According to the new {yfiem, a cubic decimetre of this
fluid weighs 1 gramme, 861 milligrammes; and the cubic
metre, 1 chiliogramme, 860 grammes, g63 milligrammes.

' 223. Carbonic
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22g. Carbonic acid gas, therefore, extinguilhes
burning bodies, and {uffocates animals.

224. The living beings which perifh fooneft in
this gas, are thofe that have two ventricles in the
heart ; fuch as man, quadrupeds, cetaceous animals,
and birds: a few minutes are {ufficient to deftroy
them without a pofiibility of their being revived.
But frogs, {erpents, fifhes, infetts, &c. though they
feem to all appearance dead, after remaining im-
merfed in it for fome time, may be recalled to life by
expofing them to the open air. 1 have kept fithes
immer{ed in this gas for half an hour, and at the end
of that period they feemed abfolutely hifelefs ; but 1
have afterwards revived them, by expofure to the free
airy as they wereonly in a {tate of aiphyxy. hey
were however reftored to life much fooner by being
plunged into water immediately after they were
taken from the gas: at the end of two minures they
were as lively as befora being immerfed 1n it. The
water no doubt abforbs the gas by which they are
fuffocated (217) and renders them fit for receiving
frefh air.  If perlons in a ftate of afphyxy could be
immerfed in water without being fuffocated, it might
perhaps be the {peedieflt means of curing them.

225. Several philofophers are of opinion rhat car.
bonic acid gas has the property of préeferving animal
fubftances, and of retarding their putrefattion;
which 1 can readily believe, becaufe the prefence of
pure air (8g) or at lealt of a fubflance capable of

furnifhing
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228. - As the four kinds of faline gas which fol-
Jow are perfectly foluble in water, to-obtain  them
with convenience, a mercurial pneumatic apparatus
muft be employed.

i

7. Muriatic Avcid Gar.

229. The muriatic acid gas is nowhere to be found
in a natural ftate; it muft therefore be produced by
arc: itis obtained by expofing to heat fuming mu-
riatic acid, put into a retort O M (fig. 11) the beak
of which is introduced below a bell filled with mer-
cury and placed on the fhelf of a mercurial pneun-
matic apparatus., Yoo may obtain it alfo with the
fame apparatus, if inftead of muriatic acid you ex-
pofe to heat a mixture of muriate of foda, or ma-
rine falt, and fulphuric acid: the (ulphuric acid
combines with the foda, the bale of the marine falt;
and the muriatic acid remaining free, paffes into the
ftate of muriatic acid gas. '

230. We have before faid (228) that muriatic -
acid gas is perfeltly foluble in water, and in a very
fhort time.  If you therefore introduce into the belj
in which this gas has been colleted, a fmall qu:antity
of water, the latter, by its relative lightnefs, will rife
to the furface of tlie mercury, the gas will imme-
diacely be entirely abforbed and diffolved in the wa-
ter; the mercury will afcend towards the top of the

G bell,
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as 21°3482 is to 1000 :  a cubic inch of this fluid
weighs 0'7970 of a grain; and the cubic foot
20unces, 3 drams, g*2160 grains *.

235, Muriatic acid gas gives the fame figns of aci-
dity as the muriatic acid itfelf ; and this indeed
ought to be the cafe, as it is the fame {ubftance. It
reddens blue vegetable colours ; but it deftroys nei-
ther them nor any of the other colours, as the oxy-
genated muriatic gas does (204).

236. Muriatic acid gas combines with all the
-alkaline bafes, and forms with them muriatic falts,
If it be mixed with ammoniacal gas, it combines
with it, and forms a real muriate of ammonia.

237 It {uffocates animals immerfed in it; and ex-
tinguifhes a lighted taper; butit firft enlarges its

flame, and makes it appear of a green or a bluifh
colour ar the edges,

238. This gas is abforbed by fome porous bodies;
as charcoal, {fponge, &c.

239. It diffolves camphor; it feizes on the {uper-
z_tbundam water of the {ulphate and borate of alum-
ine, and reduces them to powder; it caufes ice to

* J"i.c{:nrl]ing to the new fyftem, a cubic decimetre of this
gas weighs 2 grammes, 134 milligrammes ; and the cubic metre
4 chiliogrammes, 134 grammes, 83 milligrammes,

G2 melt
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melt as. {peedily as if it were thrown upon burning
€oals, Inall thefe cafes it is abforbed, and forms

muriatic acid, fimilar to that from which it was ex-
tracted. '

240. All thefe phenomena are' only < the: well
known effects of the great violence with which con-
centrated acids unite themfelves to water.

8. Sulphurous Acid Gas.

241 Sulphurous acid gas is nowhere found in a
natural ftate, and 'is entirely a production of art. It
1s obtained, in the fame manner as the muriatic acid
gas (229), by expofing to heat in a retort O M,
(#2g. 12) fulphuric acid, while it is exercifing an ac-
tion on {ome combuitible body, fuch as oil, char-

coal, mercury, &c. ; ina word, on fuch bodies as

can take up a portion of the oxygen combined with
the fulphur contained -in that acid ; for the ful-
phurous acid is fulphuric acid, deprived of a part of
its oxygen. It is {ulphur combined with a lefs
quantity of oxygen than that which is neceflary ta
make it fulphuric acid. The combutftible boedy,
therefore, takes a part of its oxygen from the {ful-
phuric acid, which by thefe means becomes . ful-
phurous acid ; and caloric combining with this
" fulphurous acid, caufes it to aflume the gafeous form.
This procefs requires a mercurial apparatus, be-
canfe {fulphurous-acid gas is entirely foluble in water.

242+ If
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242, 1f you therefore put into the retort O M,
already mentioned (241) {ulphuric acid over mer-
cury, and expofe it to heat, the mercury will be Oxi-
dated under the form of a white powder, and the
fulphuric acid, becoming fulphurous acid, will pafs
in the form of gas. When this operation is finifhed,
if you fubftitute another bell filled with mercury,
and continue the heat, there will pafs another elaftic
fluid, which is pure air or oxygen gas, and the mer-
cury will become liquid. The oxygen which had
before oxidated the ‘mercury will efcape by the
heat, and form pure air by combining with caloric.
In this experiment, therefore, a metal 1s, 1ft, Oxi-
dated ; 2d, Revived; and the mercury 18 in no
manner altered ; it is found in the {ame ftate as that
in which it was when introduced into the retort.
It is thence evident, that the two elaftic fluids ob-

tained are owing to the fulphuric ‘acid which is
decompofed.

243. Sulphurous acid gas 1s more than twice a3
heavy as atmofpheric air. lts fpecific gravity is to
that of air as 20543 is to 100, and to that of dif-
tilled wateras 253929 is to 10000. A cubic inch of
this gas weighs 09480 of a grain; and the cubic
foot 2 ounces, 6 drams, 54'1440 grains #,

* A cubic decimetre of this gas weighs 2 grammes, 538 mil-
_ligrammes; and the cabic metre, 2 chiliograrnmes, 538 grammes,
407 milligrammes,

Go3 244, Sul-
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fluor, which is calcareous (2 31) difengages from it
another acid, that exifted already formed in the
{par; and this laft acid combining with calorics
pafies under the form of an elaltic flaid, which .is
fluoric acid gas, known formerly under the name of
Sparry Acid Gas.

249. For the firft knowledge of this gas we are
indebted to Margraff. The Duke de Liancourt, in
a memoir publithed under the name of Boulanger,
made us acquainted with fome of its properties,
and thele were afterwards more fully illuftrated by
Scheele: but the nature of the fluoric radical 1s
wholly unknown, becaufe it has never yet been pof-
fible to decompofe thisacid.

250. The gas mult be colletted over mercury,
becaufe it is perfectly foluble in water, and even
diffolves {peedily in that fluid; but a {olution of
this gas in water is accompanied with a fingular phe-
nomenon, viz. the precipitation or depofition of a
very fine white earth, which is quartzy, or filiceous.

251, Fluoric acid gas, as Sce¢le fuppoled, is
nothing elfe than a peculiar acid, extratted from
{parry fluor, the radical of which is unknown, and
combined with caloric, that makes it affume the
gafeous form. This acid often holds in folution a
vitrifiable earth, the quantity of which is grearer
when it is under the gafeous than when it is under

G 4 the
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cambmmg with its moifture, white vapours as the
muriatic acid gas does. Notwithftanding this re-
emblance to the muriatic acid, it is widely diffe-
rent 3 for, with alkalies, it forms fluoric neutral falts,
ciccetdmg]y different from thofe which are formed
by muriatic acid gas with the fame alkalies.

vo. Ammoniacal Gas.

255. Ammoniacal gas is nowhere found in a
natural ftate; and muft be produced by an artificial
procefs. To obtain it, put into a retort O M, (Jfig.
12) furnifhed with a bent tube, M N, a certain
quantity of liquid ammonia, and heat the bottom of
the retort with fome kindled charcoal ora {pirit of
wine-lamp: having f{uffered the air to efcape from
the retort and the tube, you may collect the gas in
bells filled with mercury, but not until the ilqu:d
has been brought to a {tate of complete ebullition.
To {ecure the bell from the introduétien of water
in fteam, which would become condenfed in it and
diffolve the gas, it will be proper to place between
the retort‘and the tube conveyed under the bell def-
tined for colletting the gas, a {mall veflel which muft
be qmled with ice, in order to condenfe the water
that might otherwife pafs in'the form of vapour.
By thefe means the ammoniacal ga§ may be obtained
exceedingly dry and pure. In cafe ammonia thould
not be at hand, you may {upply its place by a mix-
ture of three parts of quick<lime 20d onepart-of the

muriate
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and diffolves in that water, and there remains an
aeriform fluid which is azotic gas, another confti-
tuent part of ammoniacal gas. The whole is ac-
companied with heat, owing to the free ftate of the
caloric which was combined with the hydrogen gas
and the oxygenated muriatic gas.

259. Ammoniacal gas is the lighteft of all the
faline gales, and is even much lighter than atmo-
fpheric air, Its fpecific gravity is to that of air as
52°87 is to 100, and to that of diftilled water as
65357 is to 10000. A cubic inch of this gas weighs
02440 of a grain; and the cubic foot 5 drams
61+6320 grains *.

260. Ammoniacal gas has a penetrating odour,
and an acid cauftic tafte. It {peedily gives a ftrong
tint of green to blue vegetable colours.

261. It combines rapidly with the carbonic, mu-
riatic, and fulphurous acid gafes, and immediately
forms neutral falts, exciting a great deal of heat,
which arifes from the free ftate of the caloric that
had been combined with thefe gafes. All thefe
falts are ammoniacal. |

262. Ammoniacal gas fuffocates animals and ex-
tingui(hes burning bodies, like all the other {uffocat-
ing gafes; but as it is flightly inflammable on account

® A cubic decimetre of this gas weighs 6553 milligrammes;
and the cubic metre 653 grammes 345 milligrammas, . . /...

- of
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atmofphere. = But in all thefe cafes they are never
very pure. ’ '

265. Hydrogen gas may be. obtained ina {tate of
purity by the affiftance of art; that is; by decoms«
pofing water, fince its bafe is one of the conftituent
parts of water (78) ; this bafe, therefore, has been
called Hydrogen, thatis, the generator of water.
With its bafe we are as yet unacquainted. We are
ignorant of the nature of this fubftance, becaufe it
cannot be feparated from the caloric which gives it
the . gafeous form, without fixing 'it in ' another
body. ‘ :

265. Till lately, water was confidered as a fimple
{ubftance or element ; no one had ever been able to
decompofe it; at leaft, the ‘decompofition of it
which is now daily effected, had efcaped obferva-
tion. Wefhall, however, give fuch evident proofs
of the decompofition and recompofition of water, as

will clearly. fhew that it is not a fimple fubftance;
that is, not an element,

Decompofition of Water.

267. Exp.—A tube of common glafs E F (/.
13) well annealed, and difficultto be fufed, about
ten
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rated, and the liquor in the veffels had been fuf-
fered ro drain off completely, there was found in the
flatk H a quantity of water exactly equal to thar
which was in the retort A; and there had been no
difengagement of any gas; {o that this operation was
merely a common diftillation, which gave ablolutely
the fame refult as if the water bad never been
brought to a ftate of incandefcence in pafling through
the glafs tube E F. '

269, Exp.—Every thing being arranged as in the
preceding experiment, 28 grains of charcoal reduced
to fragments of a moderate fize, and which had
been previoufly explofed for a long time to a white
heat 1n clofe veflels, were introduced into the glafs
tube EF. The operation was then conduéted as
before, and the water in the retort A keptin a con-
tinual ftate of ebullition till it was totally evapo-
rated.

2704 'E_ﬁ‘éb‘l—The water in the retort A was dif-
tilled, as in the preceding experiment ; and being
condenfed in the worm S S, had fallen, drop by
drop, into the flafk H ; but at the fame time there
had been difengaged a confiderable quantity of gas
which efcaped through the tube KK, and was col-
letted in a proper apparatus. When the operation
was finithed, there was found nothing in the tube
EF buta fewafhes; and the 28 grains of charcoal
had totally difappeared.

271, The
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grains of oxygen, fince there was formed  gr,
carbonic acid equal to - 100

It appears, therefore, that 857 grains of water are
compofed of 72 grains of oxygen, and 13-7 grains of
a fubftance forming the bafe of agas fulceptible of
inflammation. The following is a proofof it

273. Exp. The apparatus being arranged, as’
above, inftead of the 28 grains of charcoal, 274
orains of thin fhavings of iron, rolled up in a {piral
form, were introduced into the tube E F : the tube’
was then brought to a red heat as before ; and in the
like manner the whole of the water in the retort A
was made to evaporate..

274, In this experiment there was difens

gaged only one kind of gas which was in-

- flammable: there was obtained of it about
406 cubic inchés, weighing - grs. 15

‘The 274 grains of 1ron; put into the tube
EF, were found to weigh above what they .~
did when introduced gl - 83

And the water firlt employed was diminifhed I.on

The volume of thefe iron fhavings was found to
be greatly enlarged. The iron was fcarcely any longer
fufceptible of attralion by the magnet ; it diffolved
without effervefcence in acids : in a werd, it was in

H the
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the aeriform, or gafeous flate, at the degree of
preffure and temperature in which we live.

Recompofition of Water.

248, 1f it be true, as we have proved, that water
is compofed of hydrogen, combined with oxygen,
it thence refults, that by re-uniting thefe principles,
water ought to be re-formed. This indeed is what
takes place, as will be feen, by the following ex_
periment. |

279. 'Ex«p. Take a wide-mouthed glafs balloon
A (fig. 14) capable of containing about 30 pints,
" and cement to its mouth a fimall plate of copper BC,
having above it a cylinder of the fame metal, gD,
pierced with three holes to receive three tubes. The
firlt of thefe, #H, 1s deftined to be conneted at its
extremity 2, with an air-pump, in order that the bal-
loon A may be exhaufted of air.. The fecond
tube, gg, communicates by its extremity MM, with
a refervoir of oxygen gas, and is deftined to convey
it intothe balloon A. Thethird tube, #’Dd, coms-
municates by the extremity NN, with a refervoir of
hydrogen gas : the extremity of this tube terminates
in an aperture {o fmall as {carcely to admit a very de-
licate needle. It is through this aperture that the
hydrogen gas contained in the refervoir is to pafs
into the balloon A. Jn the next place, the finall
plate B C, 1s pierced with a fourth hole, into which

H 2 v 18
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degree of preffure, force the hydrogen gas to pafsinto
the balloon A, through the extremity 4’ of the tube
dDJ’; then kindle this gas by means of an elecric
fpark, and if you renew the quantity of each of thefe

two gafes, the combuftion may Lk be continued for a
long time.

i

282. Effects. In proportion as the combuftion
proceeds, water is depofited on the internal furface
of the balloon A : the quantity of this water gradu-
ally increafes, and it unites itfelf into large drops,
which run down the fides of the veflel, and are col-
letted in the bottom of it.

283. Lavoifier, who performed this experimentin
the prefence of a commiffion appointed by the Aca-
demy of ‘Sciences, had taken proper means to afcer-
tain the weight of the gafes employed. Before the
experiment, he weighed the balloon A; and by
weighing it after the operation, he was enabled to
obtain the weight of the water that had been formed.
In this experiment, therefore, he had a double
- proof : On the one hand, the weight of each of the
gafes employed; and, on the other, the weight of the
water formed ; and thefe two quantities were found
to be equal, within a two-hundredth part. Itwasby
an-experiment of the fame kind that Lavoifier afcer-
tained that 85 parts, by weight, of oxygen, and 13
parts alfo by weight, of hydrogen, are required to
¢ompolc an hundred parts of water.

Hj 284+ To
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. 286: Thefe phenomena of the decompofition and
recompofition of water, are continually effeted befor,
our eyes, by the temperature of the atmofphere anq
the agency of compound affinities. It is this de-
comnofition which gives rife, at leaft ina certain de-
gree, to the phenomena of {pirituous fermentation,
thafe of putrefaction, and thofe even of vegetation.

287. You will obtain Aydrogen gas, therefore,
from water, as often as you bring into conta&t with
the latter any body expofed to heat and the aétion
of an acid, and which has a greater affinity for oxy-
gen than oxygen has for hydrogen. Iron and zinc,
as well as charcoal and oils, are of this kind, and
confequently are capable of decompofing water, by
feizing on its oxygen. If an acid be employed, you
mufl take care to dilute it with water; becaufe it is

the water which furnifhes the hydrogen ; without i,
~ you will obtain no gas.

288. You may obtain kydrogen gas alfo by means
of combuftible, animal, and vegetable fubftances,
analyzed with an open fire. It isalwaysthe water of
thefe {ubftances which, in confequence ot its being
decompofed, furnifhes the greateft quantity ; for its
oxygen combines with thefe fubftances, and its hy-

drogen combining with caloric, paffes under the farm
- of gas. ]

289. Hydrogen gas, therefore, is only of one
kind, in whatever place it may have been found, or
H 4 whattvﬂ
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294. Pure hydrogen gas is the lightett of aj'! the
elaftic fluids. s fpecific gravity isto that of air, as
8-:0z is to 100; and to thatof diftilled water, as
0'9911 is to 10000. A cubic inch of this gas
weighs 37 thoufandths of a grain; and the cubic
foot 63°936 grains, * ol '

294. Hydrogen gas fuffocates animals likeall the

other fuffocating gafes; but’ by occafioning violent
convulfions.

295. Though this gas is one of thofe fubftances
which readily inflame, it extinguithes burning bo-
dies; fuch, for example, as a taper when immerfed-
init: the taper, on entering the gas, makes it in-
flame at the furface; but the taper becomes extin-
guifhed when completely immerfed ; for the gasin-
flames only at the place where it is in contact with the
air. If its points of contaét with the air, however,

- be multiplied, as is the cafe when it is mixed with
air, 1t then inflames altogether, and explodes like
gunpowder. This explofion will be more violent
the nearer the air approaches to its ftate of purity.

26. Hydrogen gas is capable of decompofing
{ulphuric acid, and of reducing it to the ftate of ful-
phurous acid, by depriving it of a part of its oxygen;

* According to the new French {yftem of wuig-hls and mea-

lures, a cubic decimetre of this gas weighs 99073 milligrammes

(1865 grains) ; and the cubic metre 99 grammes, 73 milli-
grammes (18654 grains).

for



A _




OF CHEMISTRY, 10y

‘and lamps.  Neret, in the Journal de Phyfique for

January 1777, has-given adelcription ofa hydmgan
gas chaffing-dith.  Fu rftenberger, a philofopher of
Bile; Brander,amechanic of Augfbourg; and Ehr-
mai, le¢turer on philofophy at Strafburgh, have in-
vented hydrogen gas lamps, which can be lighted in
the night-time by means of an electric fpark. But it
is neceflary that great precaution {hould be ufed, to
prevent the introduction of atmofpheric air into the
lamp, which would occafion a violent detonation
(295), and caufe the veflel to burft, to the great dan-
ger nf any per{hn near 1t,

g00. Itis now certain that hydrogen gas 1s a fub-
ftance of a determinate nature, always the fame, and
intp the compofition of which there enters a great
deal of caloric very little confined, and almoft in the
ftate of free fire. But this kind of gas may be mixed
with other fubftances, and hold fome of them in fo-
lution. 'This is what forms its varieties, of which we
are about to treat. '

12. Sulphurated Hydrogen Gas.

got. Sulphurated hydrogen gas is that which
holds {ulphur in folution, and which is known under
the name of Hepatic Gas (79). Gengembre, who
analyfed it, confiders it as being formed of pure hy-
drogen gas and fulphur very much divided.. Itis
this
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-306. Sulphurated hydrogen gas inflames, when

brought into contact with a burning body, and even

byan ele@ricfpark. Iremitsa rtf:dd‘i-{h blue flame; and

d;n:ing its combuftion depofits {ulphur on the fides of

the veflels thavcontain it. - Thedegree of heat which
inflames the gas is too weak to burn the fulphur.

307. Itis fulphurated hydrogen gas that forms
the fulphurous or hepatic mineral waters ; fuch as
thofe of Enghien, Bonnes, Baredge, Cautereftz, &c.

13. Phojphorined Hydrogen Gas.

308. Phelphorized hydrogen gas is that which
holds phofphorus in folution (80), It was dif=
covered by Gengembre, who obtained it by boil«
ing a ley of portath with half its weight of phofpho-
ros, cut into {fmall morfels, and receiving the aeri-
form fluid, difengaged from it, in bells filled with
mercury, It could not be collected over water, be-
caufe it is exceedingly foluble in that fluid.  Itis

the phofphorus, no doubt, that renders it {o foluble
in water.

309; Phofphorized hydrogen gas has a very fetid
odour: like the reft, it poflefies the property.of fuf-
focating animals. '

310 ltinflames merely by the contatt of the air,
-and produces anexplofion which would be cxceed-

ingly
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2 1. Carbonic hydrogen gas may bé made arti-
c;a]l}r, by mixing pure hydrogen gas with carbonic
m.ld gas, in'whatever’ proportion you choofe which
‘proves that this gas is neither of a peculhar kind, , ot
seven a-variety of ‘hydrogen gas : it is merely a mix-
tuve of the'two gafes. |

16. The Hydrogen Gas of Mar/hes.

aic 232, " The hydrogen gas of marihes, called, by
Volta, Jnflammable Air, or Gas of the Marfhes, 13

that which 1s merely mlxed with mephitic or azotic

gas(83). '

323. It difengages itlelf from the miry water of
marfhes, from quagmires, ponds, common fewers,
- and privies, and from all places where animal mat-
ters putrefy in water. - It is produced, therefore, by
the putrefattion of fome vegetable matters, and by
all animal {ubftances.

324. It is nothing but ‘2 mere mixture, without
- any combination, of pure hydrogen gas (290) and
azotic gas (128); for a combination of thefe two
fluids would produce ammoniacal gas (2£8), which
would be foluble in water ; and the hydrogen gas of
marfhes is not.  For an accurate knowledge of this
gas we are indebted to Berzhullet

J 825, The
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1 Pure diry’ ﬁt—'dx’ygen -gzts ¥13°3920

Azotic gas, w0 TiT19048
 Nitrous gas, - -4 13°0179
* Carbonic acid gas, 18:6161

Muriatic acid gas, Fi2x3482

Sulphurous acid gas, ~ 25°3929

Ammoniacal gas, - 65357

Pure hydrogen gas, ey OB e

Of the Phyfical Properties of Water.

329. With the nature of water we are now well
acqudinted. We have proved (266 ¢f feg.) that it
is compofed of 17 parts in weight of the bafe of
pure air; called Osygen, and three parts of the bafe of
hydrogen gas, called Hydrogen (275). The queftion
now isto examine ifs phyfical properties. To know
them is of the more importance, as this fluid is as
neceflary to us as air ; 'and though we have not oc=
cafion for it every moment, as we have for air, it
would be impofiible for'us to continué long in ex-
iitence without 1t. * Water, or its conftituent parts,
enter into a great number of the productions of na-
ture ; without it there would be no vegetation : it
is the beverage of men and animals ; dnd it is highly

effential, in other refpects, to the ‘convenience and

comforts of life. P

330. Water prefents it(€lf to us in three different
flates 5 1ft, In the ftate of 7ce—a ftare in which it IS
not compined with calor:c, 2d, In that of a I:gﬂm’

e [0 in
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proach each other, and adhere to fuch a degree, as-
to form a folid body known under the name of /ce
(348). All other fubltances {ufceptible of becoms
ing liquid, aflume that form, in confequence of the
~ fame caufe.

333. Weare furnifhed with water two ways : 1ft,
From the atmofphere by rain, {now, hail, &c. (171);
2d, From the bofom of the earth by {prings and
fountains, which afterwards form rivulets and rivers,
that difcharge their waters into the fea.

334. Of all the natural kinds of water, the pureft
is that of rain : if it happens to be mixed with
foreign matters, they are volatile, and eafily difen-
gage themfelves from it.  Every other kind almoft
a.lwa}rs holds in folution fome foreign fubftances
that give it qualities which i1t does not na:urjly pof-
{efs. . Thefe fubftances are often {aline, or mel:talhc :
and they then form what are called mineral waters.

335. When water contains too great a mixture of
foreign fubftances, means muft be devifed for puri-
fying it. The moft ufual procefs employed for this
purpofe is filtration ; but the moft effectual is dif-
tillation.  Filtration purifies water only from the
coarfer matters which it contains, and every thing
diffolved in it paffes with the liquid through the
filter 3 whereas diftillation purifies it from every’
thing ﬁxc_d in it ; and the volatile fubﬂanccs which
pals over with it are again {peedily volatilized, and

' I3 leave .
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940, Woater is the folvent of many bodies; but the
fubftances which diffolve in it {ooneft; “or in the-
greateft quantity, are falts, It does not diffolve the
{fame quantity of all the kinds of thefe bodies ; fome
" of them-are more {oluble than others; and of  each
kind, the water diffolves a greater quantity accord-
ing as it1s hotter, 3 4

341. The folution of falts in water exhibits the
following: fingular phenomenon: A falt, by dif-
{olving in water, generally cools it ; 1 {ay generally,
becaufe we muft except fome of them ; fuch as the
carbonate of potath, acetite of lead, and the {ul-
phates of magnefia, iron, copper, and-zinc. The
falt moft proper for cooling water, by diffolving in
it, 1s the muriate of ammonia ; and for this reafon,
no doubt, that being very foluble, it renders the
operation {peedier ; and by thefc means, makes the
cooling more fenfible. It may, therefore, be {ubfti-
tuted with advantage in the room of ice, for cool-
ing liquors. '

342. Water is capable of extinguithing burning
bodies, provided it can exift on them in the liquid
ftate longer than the combuftion can laft ; for in
that cafe it prevents the contaét of the air : a fluid
abfolutely neceflary for the combuftion of bodies
(100, 161). Butif it becomes vaporized and is
decompofed, its oxygen combines with the burn-
ing body; and its hydrogen (285) by combining with

14 caloric,
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1400 times greater than that which they occupied in-
the liquid ftate, which™ gives them a fpecificlight
nefs, fufficient to raife them in the atmofphere. = But
if the vapour is expofed to a great degree of heat, "iry
affumes a volume ftill larger. The heat of boilin
water, which rarefies water only %, (338) rarefies va-
pour to fuch a degree, as to make it occupy a vo-
lume 13 or 14000 times greater than that of the wa-
ter which formed it.

“ g347. Tf vapour be rerained by any obftacles, the
heat jpcreafes its expanfive force as much as it would :
have increafed its volume 1if 1t had been ar full li="
berty to expand. In confequence of this augmen=:
tation of its expanfive force, it makes prodigious ef-
forts againft every thing that refifts it, and is then
capable of overcoming confiderable obftacles. We
have a very ftriking inftance of this property in thofe -
noble machines called Steam-Engines.

Water confidered in the State of Ice.

348. We have already faid (332) that water is
never. in the liquid ftate, except when combined
with a quantity of caloric fufficient to maintain its
parts moveable among themfelves. When in the
neighbourhood of cold air, it lofes its free caloric
and becomes cool, but it remains liquid ; if itthen:
Jofes its combined caloric, its parts approach nearer, -
*ouch each other more intimately, and by the force

of
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351.- When water is, mixed wath forcign fub-
ftances, a greater degree of _.t_:oi!d is raquired to make
it affume the ftate of ice: .this is the reafon why
falts, fugar, and {pirits setard. the congflationrof
water.  Thefe fubftances. pmduc:e in water nearly
the fame effe as is produced in it by caloric, cither
free or combined; their particles being placed be-
tween the particles of the water, prevent them from
uniting and maintaining their refpective mobility,
till the increafing cold at length obliges thefe foreign
fubftances, in fome meafure, to extravafate; and to
pafs into the part flill liquid. Thisis the reafon why
the center of thefe fragments of ice is more charged
with fuch fubftances -than the reft  of the

mafs.

352. The cafe is not the fame with the cold which
makes water frecze, as with the heat which brin-gls.
it to the ftate of ebullition. The temperature pf
boiling water never increafes, however long it may
be heated (338); but ice, when once formed, if ex-
pofed to a cold which continues a certain time, and
which goes on in an increafing ratio, ftill becomes
colder.. It may alfo be cooled artificially, by mix-
ing with it falts or acids, and even fpirituous li-
quors, ArpcH s

353. Though ice* bea folidand f:xceedmgly hard’
bﬂd}'g it evapnrates a great deal, and even much more

* For further details on the phyfical properties of water, fee:
my Princifies de FPlyfique, from art, 1040 to 1098 inclufively

than
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their molecul® alfo, by exercifing on them a rﬂpu‘l;
Gve force; and it is on its greater or lels action or ac-
cumulation that the tranfition of bodies from the fohd
ftate to the liquid, and from the hquld to the acri-
form, dcrpends. -

3 59.“ Th-cl combination of caloric with J

Oxygen ... .. ..~ forms Oxygen gas, or vital air
Azote | — Azotic gas, or mephitic air
Oxygen and azofe — Nitrous gas .,
Oxygen and varbon ~— Carbonic acid gas

QOxygenand the muriatic radical—  Muriatic acid gas
Oxvgenand the muriatic radi- }

cal, furcharged with oxvgen i 1 Unygonaser munatie g’“

Oxygenand fulphur —  Sulphurous acid gas
Oxygen and the fluoric radical — = Fluoric acid gas
Ammonia — Ammoeniacal gas
Hydrogen = = — Pure hydrogengas .
Hydrogen and fulphur —  Sulphurated hydrogen gas
Hydrogen and phofphorus — Phoiphorized hydrogen gas
Hydrogen and carbon — Carbonated hydrogen gas
Water _ — Aqueous gas ob g
Alcohol, or fpirit of wine ~ —  Alcoholic gas
Ether — [Etherous gns.
et 1 DaCIY] : e
aded Of' ergm. 4

360. Ox}ga:n is a fubftance dlff'ufed 1n greal;
abundance throughout nature ; it forms nearly a
third in weight of our atmofphere, and it is in the
mid(t of this immenfe refervoir of it that animals and
vegetables live and expand. Animals abforb a great

quantity
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and'alioft all fimple fubfanees, Tin gereral, it will
be fufficient to expofe ‘them to the attion of the ar-
mofpheric air, and'to’ raife them to thE propérrem-
perature. The tempciaturc neceflaty to oxygenate
lead, mercury, and tin, is not greater than that'tn
which we live ; but, on the other hand, a pretty high
degree of heat is neceffary to oxygenate iron and

copper in the dry way, and when the oxygen 1 nnt '
affi ﬁed by the atftmn nf hﬂmlillt}'

"'363. Semetimes thé oxygenation takes place with-
great rapldlfy, and in ‘that cafe is accompamed with
heat, light, and even flame : fuch lsthe combuftion
of phafphﬂfus in the air, and in ax}rermr gas. That
of fulphur is much lefs rapid. Tin, lead, and the
greater part of the metals, oxidate flowly, and with-
out the difengagement df | rhe caloric being fenfible.

364. There is ftill another method of oxygenat-
ing fimple fubftances.  Inftead of expofing them to
oxygen united with!- falanc, the oxygen may be
prefented to them in union with fome metal for
which' it has little affinity ' the red oxide of mer-
.cury 1s one of thofe beft fitted for accomplithing this
object, becaufe the oxygen in that ftate adheres very
little to the metal: it is difengaged from it at that
degree of heat at which glafs begins to become red.
The black oxide of mang&n&fe, the red c:xrdc of lead,
. the oxide of filver, and almoft all the metallic oxides,
can, in a certain degree, produce the fame effe.

K 565. Every
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368. The cumbingﬂun_df_ oxygen with

[Caloric — ﬁrm: oxygen gas

Hydrogen — water

Degprees
of Oxy-
genations |

r 1,— nitrous oxide, or the bafe of nitrous gas
2, == the nitrous, or red acid

3, — the nitric acid, or white *

_ 4, — oxygenated nitric acid

" 1, — the oxide of carbon

2, == carbonous acid

Azote — /¢

Carbon — / 5ie Ay
3, — carbonic acid

. 4, — oxygenated carbonic acid
h 1, — oxide of fulphur. Soft fulphur

Sulphur — 12, — {ulphurous acid

etallic Subftances.

il e

3, — fulphuric acid

4,-— oxygenated fulphuric acid
1, — oxide of phofphorus
Phofphorus J 2, — phofphorous acid

3, — phofphoric acid

- 4, — oxygenated phofphoric acid
1, — muriatic oxide

]

—

Simple Non-m

'Ii,‘i}::ektldﬁssi. { 2, — muriatous acid

3, -~ muriatic acid
- 4, — oxygenated muriatic acid

The Flunric{]"‘" fluoric oxide

Radical 2, — fluorous acid
; ' 3, — fluoric acid
. | 1, — ‘Dboracic oxide
Thﬁagﬁm 2, — boracous acid
3 " L3, — boracic acid,

* Raymond thinks that the white nitric acid and the red,
contain the fame quantity of oxygen; and that the rednefs
arifes only from a weak combination of the bafe of the nitrous
gas with the white acid. Journal des Mines, No. 22.

The
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369.- In the mineral kingdom almaftallthe oxid-
able and acidifiable radicals feem 'to 'be fimple
fubftances 3 but in the vegetable kingdom there are
fcarcely any which are not compofed of two fub-
ftances, hydrogen and carbon : azote and phofphorus
are often joined with them, and the refult is radicals
with*four bafes. S

270. From thefe obfervations, it appears that the
oxides and the animal and vegetable acids may dif-
fer from each other three ways: 1ft, By the num-
ber of oxidable acidifiable principles which confti-
tute their bafe; 2d, By the difference in the pro-
portions of thefe principles; 3d, By the different
degrees of oxygenation. This is more than {ufhi-

cient to account for the great number of varieties
which nature exhibits to us,

371. It thence appears, therefore, that a great
number of the vegetable acids can be converted into
each other : nothing is neceflary for this purpofe,
but to change the proportion of carbon and hydro-
gen, and to oxygenate them more or lels : this Crell
did in a pumber of very ingenious experiments ;
from which 1t refults, that carbon and hydrogen, by
the firlt degree of oxygenation, give tartareous acid ;

by a{econd degree oxalic acid ; and by a third, the
acetous, or acetic acid,

K3 3722 The
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344, Azote is one of the effential conftituent parts
of animal matter ; it is combined in them with car-
bon and hydrogen, and fometimes with phofphorus,
the whole being conneéted by a certain portion of
oxygen, which reduces them to the ftate of oxide,
or to the acid fate, according to the degree of oxy-
genation.

375. The nature of animal matters, therefort, may
vary, like that of vegetable matters, three ways: 1ft,
By the number of the {ubftances which enter into the
combination of their radicals: 2d, By the difference

in the proportion: of thefe fubftances : 3d, By the
~ different degrees of gx}rgcnanun.

396. The cumbination of azote with

Caloric forms azotic gas

of Days

gc u:tl.u-u

[ 1, nitrous gxide, or the bafe of nitrous gas
‘Oxygen <l 2, nitrous acid, or red
bicn 3, nitric acid, or white .

Ld- nxygenated nitric acid
Hydrogen ‘ammonia
Carbon -
Hydrogen
and fometimes ?. animal matters
Phofphorus :
L Oxygen

9

‘Simple Subftances.
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380. The combination of hydrogen with

[Caloric forms hydrogen gas
Qx¥EOR . 71 (e, WHIER Ay ]
Azote — ammonia, or volatile alkali
Sulphur — the bafe of fulphurated hydrogen gas
Phofphorus  — the bafe of phufphnn::d hydrogen
gas - -
r  1— the bafe of carbonated h}uimgl:n gas
— fixed and volatile oils :
— - the hvdro-mr-bmmus or, carbunn-h}r- :
drous radicals of the vegetable
. kihgdom 25
and when azote and J&F;g,?.ﬁarwm
;amm‘f with ity ]
the hydro-carbonous, or the carbono-
- hydrous radicals of the animal
kingdom,

T e,

Simple Subftances.

Carbon 4

Of Carbon.

" 981. Carbon appears to be a finiple {ubftance;
for hitherto it has not been poffible to decompofe it.
Modern experiments feem to prove that it exifts
completely formed in vegetables, in which it is com-
bined with hydrogen, and {fometimes with azote and
with phofphorus, and that it affifts to form in them
compound radicals, which are afterwards carried to
the ftate of oxides or of acids, according to the pro-
| por‘ti‘un of nygtn united mth tHE =g o

382, To obtain the ca'rbpn -cuntained in‘animal
or vegetable matters, nothing is neceffary but o ‘ex-

pofe
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286. The combination of carbon not oxygenated

Osxygen forms carbonicacid

the carbono-hydrous radical fix~
Hydrogen — { :

o “ed and volatile oils
'8 ) Iron — carburet of iron, or p]umbag&
Zine — carburet of zinc
- Sjﬂ.’}') htr

987. Sulphur is one, of thofe combuftible fub-
ftances which have the greatelt tendency to combin-
ation. At the common temperature of the ‘atmo-
fphere it is concrete ; gnd it does not liquify butar a
heat feveral degrees higher. than that of boiling
water, :

388. Sulphur 1s found completely formed, and
almoft in its utmoft degree of purity in volcanic pro-
dutions. It is found alfo, and much oftener, in the
ftate of fulphuric acid, that is to fay, combined with

oxygen: it is in this ftate when found in argil, gyp-
fum, &ec.

389. To extra&t the fulphur of the {ulphuric
acid united to thefe fubftances, it muft be deprived
of its oxygen. This may be effected by combining
it at a red heat with carbon : the carbon takes from
it its oxygen, and thence is formed carbonic “acid,
which, combining with caloric, difengages itfelf
i the ftate of gas: the refult then is a fulphuret,
which may be decompofed by anacid : the acid

unites
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Of Phofphorus.

391. Phofphorus is a fimple combutftible fub-
ftance’; formo experiment gives us reafon to think
“that it'can: be decompofed. It was not known to
the old ¢hemifts ; and was difcovered in 1667 by a
German, named Brandt, who made a myftery of
his procefs, A (hort time after, Brandt’s fecret was
difcovered by Kunckel, who publifhed the procefs,
and on thatiaccount it” was called Kunckels~ phof
phorus = a'name which it ftill retains. it

‘392, It was from urine alone that this phofpho-
rus was firlt extralted ; and though :the method
was deferibed, particularly by Homberg; in the Me-
moirs of the Academy of Sciences for ‘1792, the
Englifh alone, for a long time, fupplied this article
to all Europe. It was not made in France till 1437,
when it was prepared for the firft time in the Bota-
nical Garden, in the prefence of tommlﬁi&ners ap-
pom'eed b}, the ﬂcadﬂm}r of Sciences. '

Bg3: -'Atfprefm it i3 extrafted by a more conve!
nient and economical procefs, from the bones of ‘ani-
* mals, which are real phofphate of lime. The fim-
pleft method, accoraing to Gahn, Scheele, Rouelle,
&c. is to calcine the bones of full grown animals
until they are almoft entirely white; to pound them
and fift them through afilk fieve, and then to pour

over
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396. The combination of phofphorus. not njé}r.
genated with - g _

ﬂeg;;i:
genations
1, forms oxide of phoiphorus
Oxygen {2, — phofphorous acid
3, —  phofphoric acid
, phofphuret of hydrogen, or the bafe
e o { of phofphorized hydrogen gas
Azote —  phofphuret of azote
Carbon ~—  phofphuret of carbon
Sulphur - phofphuret of fulphur
ik 'K {phnfphuret of  irom, called ‘impro-
perly Siderit

OF MINERAL SUBSTANCES.
3

397. The name of mineral Subflances 1s given to
all thofe found in the earth, and which form a folid
part of our globe.

398. There are two kinds of them, effentially dif-

ferent, viz. earthy and flony fubflances, and metallic
fubfiances.

399. The former are the object of a {cience called
Lithology ; the latter, ofa fcience called Metallurgy.

LITHOLOGY,

400. The objet of lithology is the ftudy of earths
and ftones. Stones are dry, inedorous, and infipid
' bodies,
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405 Walh chalk in diftilled water; brought to a
{tate of ebullition, and then diffolve 1t in diftilled
acetous acid : this acid, by combining with the
lime, expels the carbonic acid, which efcapes under
the gafeous form; then precipitate the lime by
carbonate of ammonia, for the acetous acid aban-
dons the lime, in order to combine with the am-
monia, and the lime is precipitated : wafth and
calcine this precipitate, and the refiduum will be
- pure lime. e

~ 406, Lame is foluble in water, but in very {mall
quantity ; more than 6oo parts of water are neceflary
to diffolve one of it, i ' 435

407. Lime hasa pungent, hot, and acrid tafe; it
turns blue vegetable colours green.

408. It takes up water with avidity : when
thrown into this liquid it {plits, fwells up, acquires
a larger volume, and excites a great deal of heat.

' 409. Lime diffolves in acids without effervefcence,
but it excites heat. The borate of {oda and the
phofphates of urine diffolve it alfo.

410, Lime, when alone, is infufible, even though
the fire may be urged by oxygen gas, as has been
proved by Lavoifier ; but if combined with acids,
it forms a fufible body, for lime isa falifi able bafe,

L _Of'
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a very fimple method of diftinguifhing it from lime
(409)-

415. Lavoifier proved by experiment that mag-
nefia is as infufible aslime (410).

3. Barytés, or Ponderous Earth,

416, Barytes has never yet been found pure and
free from all combination. To obtain it of the ne-
ceflary degree of purity, the following procefs muft
be employed :—Pulverize {ulphate of barytes (pon-
derous fpar) which is the moft common combina-
tit}n'c.f this earth, and calcine it in a crucible, with
an eighth part of its weight of charcoal-duft; keep
the crucible at ared heat for about an hour, and then
pour the marter into water : the water will affume a
yellow colour, and exhale a flrong odour of ful-
phurated hydrogen gas : then filter the liquor, and
pour into it muriatic acid ; there will be formed an
abundant precipitate, which muft be {eparated by a
{econd filtration, The liquor that pafies through the
filter holds in folution muriate of barytes, which is
formed by the addition of the muriatic acid. If you
then add liquid carbonate of potath, the potath will
‘combine with the muriatic acid, and the barytes with
the carbonic acid, from which it may be freed by
calcination : what then remains is pure barytes.

417. Barytes is under the pulverulent form, and
exceedingly white. Itis foluble in water, but in
fmall quantity : about goo parts of water are necef-
fary to diffolve one of it.  Barytes gives a very flight

L2 tin:’
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acid by calcination ; and after this procefs it will

femain pure. -

122. Alumine abforbs water with avidity, and be-
comes diluted in thatliquid. - It adheres {trongly to
the tongue, The borate of foda and the phof-
phates of urine diffolve it,

423. Alumine, when expofed to heat, becomes
dry, fhrinks, and cracks. By the action of the fire
it acquires fo great hardnefs as to ftrike fire with
fteel : it isthen no Jonger fufceptible of - being di-
Juted in water. '

424. Alumine, even when perfeitly pure, is com-
pletely fufible in the fire, 'if urged by a current of
oxygen gas. ‘The refult of its fufion isa vitreous,
opake, and very hard fubftance, which fcratches
glafs in the fame manner as precious {tones do.

8. Silex, or Vitrifiable Earth.

425, Silex is almoft in its ftate of purity in rock=-
cryftal : but to have it perfettly pure, one part of
beautiful rock-cryftal muft be fufed with four parts
of pure alkali; the mixture muft then be diffolved
in water, and precipitated by an excefs of acid ; the
precipitate will be pure filex.

L2 426; Pure

-
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43;;., Strontian was at firft confounded with ba-
rytes ; which indeed it refembles in f{everal refpects,
though it differs from it in others, _ .

431. -Carbonate of ftrontian is decompolfed by the
{ulphuric acid, and carbonic acid is difengaged :
the fulphate of ftrontian, thus obtained, is very little
{oluble 1n water.

432. Carbonate of ftrontian diffolves with effer-
velcence 1n the mitric and munatic acids, and car-
bonic acid is difengaged. Thefe nitrates and muri-
ates of ftrontian are not deliquefcent, and are de-
compofed by -the fulphates of lime, potath, and
others. '

433. The carbonate of ftrontian may be deprived
of its acid by calcination ; its earth is then foluble
in water, but in greater quantity in boiling than in
cold water, for a part of it is precipitated by cooling.

Strontian, by thefe three properties, has a con-
fiderable degree of refemblance to barytes ; but it
differs greatly from it in the following :

L™
-

434. The carbonate of ftrontianis lighter than
carbonate of barytes: the {pecific gravity of the
latter is from 42 to 43000 (417); that of the car-
bonate of firontian is only from 36 to 37000.

La 435. Stron-
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441, Analyfis has proved, that 100 parts of the
carbonate of ftrontian contain 62 parts of {trontian,
30 parts of carbonic acid, and 8 parts of water.

i Zirconia.

a42. Zirconia 1s a fimple and primitive earth,
lately difcovered by Klaproth, inthe jargon of Cey-
lon (528) of which it is a conftituent part, and even
the moft abundant ; for it has been found by ana- .
lyfis, that 100 parts of the jargon™ of Ceylon contain
64 parts and a half of zirconia, 32 parts of filex, and
two parts and a half of the oxjde of iron.

443. To obtain zirconia pure, it muft be united
to the muriatic acid, with which it forms a muriate
of zirconia ; this muriate mult be diffolved in a
large quantity of water, andthe zirconia muft be pre-
cipitated by potafth : if it be carefully wathed, and
then brought to a red heat in acrucible, it will he
perfectly pure.

444. Calcined zirconia has a white colour. Tt is
rough to the touch, like filex (426) ; it bas no fa-
vour, and is not foluble in water. Its {pecific gra-

vity 1s at leaft 43000 ; that of diftilled water being
10000,

445. Phofphate of foda'and ammonia, or the
fufible falt of urine, and alkalies, do not attack zirco-

niia.
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wirds an aftringent tafie. Its cryftals are fiveet, like
the folution. N

450. Glucing has fome refemblance to alumine,
as it is foft to the touch, adheres to the tongue, is
light, diffolves in potath, and is precipitated from
its folution by ammonia. But it differs from alu-
mine by its combinations with acids being ex-
ceedingly fweer, by giving no alum when mixed '
with fulphate of potath, by being entirely foluble in
carbonate of ammonia, and by not being precipi-
tated from its folutions by oxalate of potath and
tartrite of potafh, as alumine is.

451. The aigue-marine, which contains glucina,
is a {ubftance fimilar to the emerald of Peru (5335) ;
1t differs from it only by its colouring part, which is
oxide of iron ; whereas the colouring principle of
the emerald of Peruis chrome (759).

452. Ithas been found by analyfis, that 100 parts
of this ftone contain 68 of filex, 15 of alumine, 14 of
glucina, 2 of lime, and one of the oxide of iron.

OF STONES.

453. We have already faid (403) that all the
kinds of earth and ftones f{eem to have been formed
of thefe primitive earths. Thefe earths are fome-
times combined with acids, and in that cafe form
faline ftones, which in fome meafure are earthy

{alts.
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and cnmprchends all thofe ftones known under the
generic name of Lime-ffone 3 {uchas calcareous {par,
alabafter, ftalattites, marble, chalk, &c. Their
principal ‘charaéters are, 1ft, That they effervefce
with acids, which expel from them the carbonic
acid ; 2d, That they may be converted into lime
by calcination, becaufe the carbonic acid is alfo ex-
pelled from them by heat.

457. Ofthe calcareous ftones, fome cryftallize re-
gularly, and in general exhibit thomboids (7ig. 15).
Of this kind are the calcareous fpars. Some of them
alflo are prifmatic (fig. 16) ; and {fome pyramidal
(fig. 17 and 18).  Their {pecific gravity is in ge-
neral fomewhat more than 27000.  Analyfis has
fhewn, according to the experiments made by che-
mifts, that in a hundred parts of thefe {tones, there
are from 34 to 36 parts of carbonic acid, from 53
to 55 parts of lunc, and the reft water.

458. Others cryftallize only in a confufed man-
ner, as alabafler ; the f{pecific gravity of which is
from 27 to 28000 and faladites, the {pecific gra-
vity of which is no more than from 23 to 24000. 1,

459. Others are found in rude mafles, fome of
which are {ufceptible of a beautiful polilh,-as marble;
and fome not, as chalk, and the common flones uled for
building, The fpecific gravity of marble is from
26500 to 285003 and that of common ftones is from
16000 to 24000. When {tones of this kind have

' fuflicient
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463. Combination of lime with the fluoric acid.
This combination gives rife to the fuates of lime,
known under the name of Sparry ov Fitreous Fluors.
All thefe ftonmes generally cryftallize 1n. cubes
(fig. 20); they all have the tranfparency and beau-
tiful colours of precious ftones 3 and, like the orien-
tal ftones, they produce only fingle refraction. Their
{pecific gravity is from 31000 to 31900,

; : |

464. Thele ftones do not effervelce with acids,
nor are they fufficiently hard to ftrike fire with fteel.
When pounded, they become phofphoric.

465. The acid which, by its combination with
lime, forms thefe ftones, is a peculiar kind, called
the Flucric Acid, becaufe it is found completely
formed in fparry flour, which confequently is a
" neutral falt.  This acid poflefles -the fingular
property of taking up and diffolving the filiceous
- earth, which enters as a conftituent part nto the
compofition of glafs. Puymorin, therefore, em-
ployed this acid to engrave on glafs, as the nitric
acid is employed to engrave on copper.

466. Sparry flour may be fufed by a {trong heat;
but, owing to the property already mentioned, it
ftrongly attacks the crucible, It fufes alfo without
effervefcence with mineral alkali, borate of foda, and
phofphates of urine. | .

467. Combination
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the {olution, and keeping it in a cool place, it may
be made to cryftallize ; it then produces a falt in the
form of tetraedral prifms, tetminated by pyramids of
four planes,

© 472, Mur'iatelnf'lih]e_enters' into fufion at a moa
derate heat 5 but it is decompofed with difficulty.
By calcination, it acquiré‘s a phofphoric property.

473 Camﬁzmtzm of lime with the ;:ﬁg[pﬁm IC @6ids
The refult of this combination is phofphate of lime.
This ftone has been found in Eftramadura in Spain
in that country 1t is faid there are whole hills of it,
and the houfes and fences are built with 1t.

474. The phofphate of lie is whitith, and con-
fiderably denfe; but it is not fufficiently hard to
ftrike fire with fteel : when thrown on burning coals,
it burns quietly, and emits a beautiful green flame.

475. With the nitric and {ulphuric acids it exhia
bits the fame phenomena as calcined bones, which are
themftlves real phofphate of lime. It may be des
prived of its phofphoric acid ; and phofphorus may
be extratted from it by decompofition, in the fame
manrer as it 1s extracted from bones. It is on this
account, no doubt, that this phofphate has been
called Animal Earth. ;

M | GeNvs
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t-xcc::dingly bitter tafte. Alkalies,lime, and barytes, ’
precipitate its magnefia.

480. The combination of magnefia with carbonic
acid produces carbonate of magnefia. This ftone is
foluble in water only in a very {mall quantity : the
action of heat deprives it of the water and acid which
it contains, and the refiduum is what is called Ca/-
vined Magnefia.

Genvs I — Saline Stones with a Bafe of Barytes.

481. This genus confifts of all thofe ftones which
have barytes for their bafe.

482. The combination of barytes with the ful-
phuric acid produces fulphate of barytes, known
undér the name of Ponderous Spar. This is the moft
ufual eombination of barytes: it isthe heavieft of all
the ftones, for its fpecific gravity is from 44228 to
44712. There are many metallic ores which are
niot {o heavy. Ponderous {par is infoluble in water:
1t 1s {ufceptible of acquiring a phofphoric quality by
calcination. . '

483. The combination of barytes with carbonic
acid, produces carbonate of barytes, known under the
name of Aerated Ponderous Earth. lts {pecific gra-
vity is 42919, It appears by analyfis that 100 parts

M 2 of
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4.'53. The combination of alumine with the car-
bonic acid produces carbonate of @lhumine, known
under the name of Chalky drgil.

489. Tlie combinations of alumine with the other
acids are very little known : we only know that alu-
mine diffolved in nitric acid forms an aftringent fo-
lution, and that the muriatic acid with alumine torms
a gelatinous and deligue{cent muriate,

Gexvs V.—Saline Stones with a Bafe of Silex.

490. This genus is not very numerous. Weare
acquainted with no acid but the fluoric, capable of
diffolving /i/ex, and it holds a greater quantity of it
in folution when 1n the ftate of gas, than when
united with water. This acid, therefore, cannot be
preferved in glafs bottles, becaufe it corrodes them,
by taking away and diffolving the filiceous earth,
which enters into the compofition of glafs,

 Gexvus VI.—Saline Stones with a Bafe of Strontian.

491. ln this genus we know only the combina-
tion of frontian with the carbonic acid.  This
earth has been found in the ftate of carbonate, at
Strontian, in Argylefhire in Scotland : it has been
found alfo combined with carbonic acid at Lead-
Hills, in the fame country. It has lately been found

M 3 likewife
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likewife at Montmartre, combined with fulphuric
acid ; and it is probable that it will be found in
other places. This carbonateis of a tran{parent, or
bright green colour ( /ee art. 429 et feq.).

Gexvus VIL.—Siones with a Bafe of Zirconia. 1

492. Zirconia has been found only in the jargon of
Ceylon, and was difcovered by Klaproth. It is one
of the conftituent parts of that ftone, and even the
moft abundant, for 100 parts of jargon contain 64%
of zirconia (/ze art. 442 et feq.).

.
RN -,

'Genvs VIII.—Stones with a Bafe of Glucina,

- 493. Glucina has been found only in the occiden-
tal aigue-marine. It was difcovered by Vauquelin,
It is one of the conftituent parts of that ftone, 100
parts of which contain 14 of glucina. It isawhite
- granulated earth, and effervelces with acids (/ee

448 ot feq.). | :

ORDER 11.

Stones properly fo called.

4§4. The pure and fimple primitive earths, fuch as

thofe above defcribed (401 e2 feg.) are rarely found
. ~alone

3
3
4
£
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alone at the furface of the earth ; ' they are generally
mixed there with each other, and form mafles more
or lefs voluminous, and of greater or lefs hardnefs,
according to the nature of the earths which are
mixed together, and of the foreign matters com-
bined with them. This is what forms flones pro-
perly fo called. '

495. In thefe mixtures there is generally one
carth predominant ; that is to fay, prefent in greater
quantity than any of the reft, or at leaft which feems
to give a charalter to the whole. It is this which
determines the genera : the {pecies are diftinguilhed
by the different principles of which they are confti-
tuted, |

Genvs I.—Calcareonus Mixtures.

496, This genus comprehends thofe ftones in
which limeftone is predominant. There are many
ftones of this kind, all of which effervelce with
acids : the different principles united to the lime-
{tone conftitute the {pecies,

497. Magnefia united to limeftone is a very com-
mon muxture ; for all calcareous ftones almoft con-
tain this fubftance,

498. Barytes 15 alfo found fometimes united to
Limeftone : this mixture forms another fort of calcare-
ous flone, which is more ponderous than the others.

M 4 499. Alumine
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499. AbLonine mixed with the carbonate of lime
forms mar/, more orlefs fat, according to the difs
ferent proportions of the two conftituent principles,

500. Iron 1s very often mixed with limeftone ;
when united with it in a large quantity, this union
forms calcareous iron ore.

sot. Silev is fometimes mixed with it, but this
mixture 1s rare : it is known under' the name of Stzel-
lated Spar; it appears radiated. In 100 parts of
this ftone there are 30 of filex, and 66 of the carbo-
nate of lime.

802. Bitumen is alfo fometimes mixed with lime-
ftone. This mixture i1s known under the name of
Swineflone, 1t abounds in Lower Languedoc,

GENUSs II.I-'-Bmyris Mixtures.

503. As barytes is little known, thefe mixtures

are very rare : weare acquainted with no more than

two. Hepalic-flone is one of them. When rub-
bed, it exhales a ftrong fetid odour. This {tonein

100 parts contains 33 of barytes, 38 of filex, 17 of

alum, 7 of gypfum, and g of petroleum,

804. Another mixture of this genus is compofed
of carbonate of barytes, filex, andiron. It hasa
{parry texture, and is found to be infoluble in acids.

GENUS

RS U S S
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Gexvs 11L.—Magnefian Mixtures.

505. The principal character of all thefe mix-
tures is, that they are greafy and foft to the touch.
Though not very hard, fome of them are {ufcepti-
ble of a fine polifh : they may be worked by the
lath, and made to aflume any figure whatever.—
Othersof them confift of fibres, which have a con-
fiderable degree of flexibility, None of thefe mix-
tures effervefce with acids.

506, The ftones of this kind are [erpentine,
JReatites, pot-flone, afbeflus, mountain-cork or foffil-

leather, amianthus, and fale.  The three firft may
be cut with the chifel, or by the lath, and par-
ticularly pot-fione, which is made into veflels that
ftand heat, and are fuperior for ufe to our beft
glazed earthen-ware. _A/beflus and foffil-leather are
compofed of fibres not fufceptible of calcination.
They are exceedingly flexible, and when pulled
afunder, {eem to tear rather than to break. The
amianthus is compofed of fibres fo flexible, that they
may be made into cloth. They are entirely incom-
buftible. The beft mode of bleaching this cloth
when dirty, is to throw it into the fire. Zalc is foft
and faponaceous to the touch : it is compofed of
thin, fmoath, brilliant lamine, which may be eafily
{eparated in the direction of their planes. Mufcovy
falc is that produced in the largeft mafles. It is
{aid
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| tion of their planes, as is the cale with flates ; or little
| apparent, and which can be {eparated with diffi-
culty, as is the cafe in regard to Aores and wher-
flones. All thefe ftones are permeable o water.
Slate is employed in covering houfes.

s11. The zeolites, for the moft part, are {ufcep-
tible of being reduced intoa jelly by acids.  Some
of them are fo hard as to firike fire with fteel ; others
ate not. They are all permeable to water,

Genvs V.—Siliceous Mixtures.

g12. All ffones of this kind have fufficient hard-
nefs to firike fire with fteel. Thefe ftones are
gems, ot precious flones, rock-cryflal, or guariz, fel-

Jpar, filex, the chryfoprafus, lapus lazuli, jafper, and
Jehorl,

Gems,

513. Gems, or precious [flones, are exceedingly
numerous. They are diftinguifhed by their hard-
nefs, weight, colour, and fplendor, aswell as by
their property of producing fingle or double refrac-
tion, As their colour, of all their charaers, isthe

moft apparent, it is according to this charaler that
we [hall divide them.

Reg







GF CHEMISTHY. 73

is muchinferior in hardnefs to the preceding (516).
Tts cryftalline form (fig. 23) refembles that of the ori-
ental diamond (542) except that its faces are planes,
whereas thofe of the diamond are  fomewhat con-
vex. The fpecific gravity of this ruby is 37600, It
produces only fingle refrattion.

518, The balafs ruby appearsto be only avariety
of the former(517) from which it differs merely by
its colour, being of a brighter red. It cryftallizes,
like it inoftaedra (fig. 23) and' produces only fingle
refrattion. Its {pecific gravity is 36458.  The co-
louring principles of thefe three rubies (516, 517,
518) is chrome (759)-

s19. The Brazilian ruby is of ared colour, inclin-
ing to yeliow. It cryftallizes in tetraedral prifms
terminated by fummits, the faces of which are fca-
lene triangles, or in otaedral prifms, terminated by
fummits with four faces, which are trapezoides
(fig- 25). In hardnefs itis almoft equal to the {pinel
ruby (517). Its fpecific gravity is 35311. It pro-
duces double refraction.

520.s The wvermillion is of a very bright crimfon
red colour. With the form of its cryftals I am not
acquainted. Tts fpecific gravity is 42299. It pro-
duces only fingle refraction. In both thefe refpects
it refembles the oriental ruby, It furpafies the fpinel

ruby in hardnefs (517).

" g21. " The
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( fz. 22) have & refemblance to thofe of the erientalﬁ
ruby (516), and it poffefies nearly the {fame degree
of hardnefs. It ftands the violence of the fire with-
out fufing, and retains 1ts colour-and tranfparencys.
Its (pecific gravity is 40106. It produces only fingle
refraction.  There is one variety of this ftone which
differs only by its colour being yellow inclining to
green : it has therefore been called the Pifachio To-
paz. Its [pecific gravity is fomewhat greater than that
of the former, being 406135,

525, The Brawilian topax is of a darker golden
yellow colour than the oriental (524). Its cryftal-
lization refembles that of the Brazilian ruby (/ig. 24
and 25) : it hasal(o the fame hardnefs. In the fire
it affumes a red colour ; and it then has a perfect
refemblance to the Brazilian ruby : it is therefore
fuppofed that thefe two ftones are the fame. The
fpecific gravity of this topaz is 35365 ; it produces
double refraction.

526. The Saxon topaz is of a yellow colour, not
very bright. It cryftallizes in otaedral prilms,
the fummits of which arc compofed of ewelve lateral
inclined faces of different figures, and a thirteenth
horizontal face, which is hexagonal (fig. 29). Its
fpecific gravity is 35640, It produces double re-
fration. This topaz is found f{ometimes colour-
lefs. 1In that cale its fpecific gravity is only 35535-

g2%: A he
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527. The Ayacinth is of an orange colour, or a red
inclining to yellow. The form of its cryftals is of a
tetraedral reGtangular prifm, or prifm of four planes, |
terminated ar each of its extremities by a furamit
of four rhomboidal faces, which correfpond to the
edges of the prifm (fg. 30). - In hardnefs it is not
fuperior to rock-cryftal. It fufes in the fire, and
lofes its colour. Its fpecific gravity is 36873, It
produces double refracion.

528. The jargon of Ceylon is a ftone lately difco-
vered. In colour it approaches near to the hyacinth ;
but'it differs greatly from that ftone by the form of
- its cryftallization, its hardnefs, its refiftance to the
altion of heat, its weight, andoneof its conftituent
parts which is zirconia (442), a primitive earth not
found in the hyacinth, which proves that it is a
diftinét fpecies.  The form of its cryftals is a rec-
tangular tetraedral prifin, terminated at each of its
extremities by a fummit of four faces, which are
ifofceles triangles (fig. 21). In bhardnefsitis nearly
equal to the oriental ftones. It refifts the ation of
heat, without fuftaining any injury. Its fpecific
gravity is 44161. It is the heavieft of all the
gems. lt produces a double refraction, which
caufes the two images to be at a great diftance from
each other. In 100 parts of this {tone there are
64% of zirconia, 32 of filex, and two of the oxide of

irom. '

Blue
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Blue Gems.

529.. Thefe are the fapphire, and the aigue-ma-
rine. There are two kinds of the fapphire, viz. the
oriental fapphire, and the Brazifian. There are allo
two kinds of the aigue-marine; the oriental and the
occidental.

530. The oriental fapphire is of abeautiful ky-blue
colour: its cryftalline form (fig. 22) 1s the fame as
that of the oriental ruby (g19). In hardnefs it is
inferior only to the diamond (540). It refifts the
violence of the fire without fufing, but it lofes its
colour. Its {pecific gravity 1s 39941. It produces
only fingle refraction.

531. The Brazilian fapphire differs a great deal from
the former, by being inferior in hardnefs. Its colour
15 a dark blue. Its cryftalline form 1s an enneaedral
prifm ( fig. 31) ora prifm of nine planes, three of
which are pentagonal, and the other fix {mall paral-
lelograms, terminated at each extremity by a fum-
mit of three faces, pentagohal at one of the extremi-
ties, and hexagonal at the other, the edges of one of
the {ummits correfponding with the faces of the

other. lts fpecific gravity is 31307. It produces
double refraion.

N 532. The
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(#ig. 16) is the fame as that of the occidental zigue-
marine (533)s  Its hardnefs 1s fomewhat lefs than
that of the garnet (523). = It refilts the violence of
the fire without fufing, and retains its colour, which
is communicated to it by chrome (739). Its {pecific
gravity is 27755 It produces double refraction.

£36. The chryfoliteis of a yellow colour, inclining
to green. Its hardnefs is fomewhat lefs than that of
the emerald of Peru. It refifts the fire without fufing,
but it often lofesits colour. It produces double re-
fraction.

¢37. The Brazilian chryflite is of a beautiful

golden colour, inclining a very little to green. ~ Its

cryftals (fig. 16) refemble thofe of the emerald of
Peru (535). Its {pecific gravity is 26923,

- £38. The chryfolite of the jewellers, which, accord-
. ing to Vauquelin, is real phofphate of lime, is of a
yellow colour, mixed with green. Its cryftalline form
is a hexaedral pri{m, the edges of which are more or
lefs flatted, and terminated at each extremity by a

fummit of fix faces (fg. 32). Its fpecific gravity is
27821, ;

The Diamond.
539+ The diamond ought certainly to be claffed

- among the precious ftones ; but it is fo different from
N2 all -
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degree of oxidation as charcoal would do if expofed
to the action of a very f{trong heat in a clofe veflel,
and Dy thefe means it becomes real charcoal,

If the diamond be expofed to a higher tempera-
tute, about 3o pyrometric degrees, or 4977° of Fah-
renheit, it becomes faturated with oxygen : it then
acquires a degree of oxidation equal to that of car-
bonic acid. At this temperature indeed the diamone
produces carbonic acid itfelf.

From thefe refults it appears that the diamond is
pure carbon : when combined with a quantity of oxy-
gen equal to that which charcoal contains, the refult
1s real charcoal. If means could be found, ift, to -
deprive charcoal of all its oxygen; 2d, to give proper
adhefion to the parts of the carbon which, in combi-
nation with oxygen conftitutes charcoal, the refult
would be real diamond.

540. The diamond is the hardeft of all bodies :
it can be cut only by itfelf, diamond-duit being the
only {ubftance capable of attacking it.

541. The diamond has a great degree of tranfpa-
rency : it is the moft beautiful and moft brilliant of
all the precious ftones. It produces only fingle re-
fration; but its refractive power is ftronger than
that of any other body; it {eparates the colours bet-
ter, and this is the reafon why it fparkles with fo
much luftre, efpecially in“the light of the fun, or

X N3 ~ even
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5451 A Table of the Specific Gravity and Ilardnefs
of the Precious Stones, in deereafing Order,

ﬂfﬂfy; .Eﬂﬁ#ﬂ.
g Jargon of Ceylon ! 44161 § 1 The Diamond
. 3 Oriental Ruby 42533 | 2 The Oriental Sapphire
3 Vesmilion - 42299 | 3 The Otigntal Ruby
4 Garnet 415858 || 4 The Oriental Topaz
¢ Oriental Topas . 40106 | ¢ The Jargon of Ceylon
& Giralol 40000 ) 6 The Vermilion '

g Oriental Sapphire 39941 | 7 The Bpinel Ruby
% Emerald of Peru 37755 | & The Balafs Raby

 g.Bpinel Ruby 37600 | g The Brazilian Topaz
10 Hysciath 36871 | 10 The Brazilian Ruby
33 Balafs Ruby 3645% | 11 The Braziliza Sapphire
+ 31 Saxon Topaz 15645 | 12 The Girafol

13 Oriental Aigue-marine 154%9 | 93 The Saxom Topaz

‘14 Brazilian Topaz 3¢36¢ || 14 TheGamet

.35 Brazilian Ruby " 35388 | 15 The Oriental Aigue-masine
16 Diamond g¢212 || 16 The Emerald of Pern

17 Brazilian Sapphire 31307 || 17 The Chryfolite

180¢cidental Aigue-marinez7227 || 15 The Occidental Aigue-marine
19 Chryfolits #6923 | 15 The Hyacinth,

Certain Method of knowing the Precious Stones, and
of diffinguifhing them from cach other.

546. To diftinguifh with certainty the precious

~ ftones from each other, attention muft be paid to

~four things : 1ft, Their fpecific gravity ; 2d, Their

hardnefs; 3d, Their colour; 4th, Their property of
producing fingle or double refraétion. Their cry-
flalline form alfo would be 'exceedingly proper

N s for
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have not the fame refrattion. That of the diamond
is fingle, and that of the other ftones double.

The Brazilian ruby (519) in colour, hardnefs, and

gravity, approaches near to the Spinel ruby (517); but

the latter produces only fingle refraction, while the:
Brazilian ruby produces double.

The jargon of Ceylon (528) is almoft as hard as
 the oriental topaz, but it differs from it by 1its colour
and gravity, and by producing double refration.

Red fparry fluor (463) and the red diamond, have
the fame colour, the fame power of refrattion, and
nearly the famie gravity : but they greatly differ
from each other by their hardnefs; which, in the
diamond is immenfe, while in the {parry fluor it is
{o little, that it is not capable to ftrike fire with fteel.
If the other coloured diamonds be compared with

the {parry fluors of analogous colours, the cafe will
be found to be the fame. '

- Itis impofiible, therefore, to find two ftones, one
of them oriental and the other not oriental, haﬁng
the fame colour, the fame refraction, the fame gra-
vity, and the fame hardnefs; and hence we are

furnithed with the certain means of never being de-
ceived,

Rock
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of quartz, which have very little adhefion.. Al
kinds of it almoft are permeable by water.

Felfpar (Spathum Sﬂiﬁfﬁffaﬁs).

548. Every kind of felfparchanges its colour,
more or lefs, according to the diretion in which the
rays of light fall upon it. 'When this ftone cryftal-
lizes, it aflumes the form of a rtetraedral inclined
prifm ; the furface of which is compofed of fix

_planes, four of them rectangular, and two rhombo-

“idal (ffg. 36). It cryftallizes alfo in the form of a
hexaedral prifm, or prifm of fix planes, two of them
hexagonal, and four quadrilateral, terminated at each
extremity by a fummit of two pentagonal faces
(fig. 37)- There are {ome alfo in the form of a
decaedral prifm, or prifm of ten planes, two of
which are large otagons, and eight {mall trapezi-
ums, terminated at each extremity by a fummit of
fix faces, one a large enneagon, another a large hep-
tagon, and four {mall trapezoides' (fg. 38).

Felfpar is inferior in hardne(s to quartz (547):
when {ufficiently tranfparent, it produces double
tefraction. ' It fufes by the action of heat, and forms
white enamel. It is one of the conftituent parts of
porcelain, Itis the pesuntze of the Chinefe. It
- enters alfo into the compofition of porphyry (561)

ferpentine (562) the ophite (563) granitell (564)
and granite (565).

549. We
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degree of refemblance to the cryftalline humour of a
filh’s eye when boiled.

551. The Kinds offlints which do not change their
colour, according to the direttion of the rays of
light, exhibit tints of more or lefs brightnefs, and are
fufceptible of a fine polith.” We are acquainted with
eight kinds of them, viz. common flint, petro-filex,
agate, calcedony, cornelian, fardoma, the jade, and

the prajfiuin.

1. Comman flint poflefles very little tranf{parency.
All the different kinds-ot it have a dark dull colour,
and are concave or convex on the fracture. They
do not fufe in the fire, but are calcined, and become
white.

2. The diftinguithing charater of petro-filex 1s
its femi-tranfparency, fimilar to that of wax. - It be-
comes white in the fire, like the common flint, but
it is more fufible, as itruns wichout any addition.

3. Agate has a {mooth fhining fra&ure, and is
{ufceptible ofavery fine polith: it is variegated with
every kind of colour, except bright red, orange,
and green. When expofed to heat, it lofes its co-
lour, and becomes opake, but without fufing.

4- The calcedony has a milky, or nebulous, fe-
- mi-tranfparency. Every kind of it is fuceptible of

a fine
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Lapis Lazuli.

553. Lapis lazuli is of a beautiful fky-blue co-
Jour, fometimes mixed with white, 'and 1s entirely
opake. Itis fometimes mixed with pyrites, from
which it has been concluded that it contains gold,
If expofed to a {trong heat, it fufes, and forms a fort
of whitith glafs : when calcined it diffolves in acids,
into a kind of jelly. Lapislazuli, when pulverized,
forms that valuable colour known under the name of
Ultramarine.

J.ff_f?‘ er.,

554: Jafper is a ftone which exhibits every variety
of colour : it is exceedingly hard, and {ulceptible of
a very beautiful and durable polith : when expofed
to the action of heat, 1t does not fufe. We are even
aflured by Wedgewood that it becomes hard. Its
fpecific gravity is not always the fame, and varies
from 23000 to 28000.

Schorl.

" 5558. Schorl is a hard ftone, fufible in a moderate
fire, without any addition. Its cryftals exhibit fo

great
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great variety in'regard to form, appearance, tex-
ture, {tructure, &c. that there is reafon to prefume
‘that ftones of a different nature have been claffed
under this denomination.

Schorl in géneral 1s opake ; fome kinds, how-
ever, are tranfparent: {uch as the Brazilian emerald,
the peridot, the turmalin, &c. Al thefe ftones pro-
duce double refraction.

~ The colour of {chorl 18 various ; fome kinds are
black, others violet, and {fome green.

Some kinds of the black {chorl cryftalize i
prifims of fix planes, terminated at each extremity
by a fummit, compofed of three thomboidal. faces
\fig. 39) ; others in a prifm of eight planes, termi-
nated at each extremity by 2 fummit of two hexago-
nal faces (ﬁg 40); and fome in a prifm of nine
planes, terminated by a {ummit of three pentagonal
faces at one extremity, and three hexagonal ones

at the other (fig. 31). The black fchorl in rude

mafles, which does not cryftallize, is known under

" * the name'of Anciont Black Bafaltes 5 another kind,

black and opake, is diftinguithed by the name of
Sparry Schorl..

Violet fchorl is tranfparent, and of a fawn-colour,
inclining to violet. Its cryflals are rhomboidal pa-
rallelopipeda, very much comprefled, two of the op-
pofite edgesof which form facets (fig. 41).

Green

L3
s nde WSSO T .
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Green Jchorl, known under the name of the Bra-
~ilian Emerald, is tran{parent, and of a dark green
colour. Its cryftalline form is a prifin of nine
planes, like that of the black fchorl (fp. 31) but
badly defined, and difficult to be determineg.

The fchorl knowa tnder the name of Peridot, is
very tranfparent, and of a yellowifh green colour,
more or lefs dark : it cryftallizes like the preceding

(fig. 31).

That known under the name of Turmaline, is of
a blackith brown colour, but tranfparent when not
too thick : it cryftallizes like the preceding (#g.
31). Turmalinesare found in Ceylon, Brazil, and
in Tyrol. They all become eletric when heated.

There 1s one kind of {chorl, known under the
name of Cruciform Schorl, or Crofs-ftone, the cry-
ftals of which are compofed of two hexaedral prifms,
which crofs each other fometimes at right angles
(fig- 24) and fometimes in fuch a manner as to
form acute angles (fig. 25). The fpecific gravity of
fchorl is not always the fame ; it varies from 29223

t0 34529.

Schorl enters intg the compofiticn of porphyty
(561) ferpentine (562) the ophite (563) granitelles
(564) and granite (565).
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ORDER III.

Rocks.

559. The eight primitive earths (402) viz. lime,
magnefia, barytes, alumine, filex, {trontian, zirconia,
and glucina, differently mixed, form the ftones’ of
which we have {poken; and thefe ftones, differently
united and connected by any kind of cement, form
thofe ftony mafies called Rocks. We have already
mentioned the charaters by which each of thefe
ftones is diftinguifhed : they may be eafily known
in thefe mixtures, for they are merely mixed, and
rot changed in their nature.

g6o. We fhall here notice only feven of thefe
mixtures, which are thofe molt frequently found,
and in the largelt mafles : thefe feven are porphyry

(561) ferpentine (562) ophites (563) gramtelles (564)
granite (565) mill-flones (566) and fint (567).

561. L. Porphyry is compofed of felfpar (58)
- in {mall fragments, of {chorl (¢55) and a kind
of cement which unites all the parts, and which,
in fome meafure, forms the bafe of porphyry. This
cement appears to be jalper (554). Porphyry is
~exceedingly hard and. difficult ro be cut; it is, how-
ever, fulCeptible of a fine polith. Some kinds of it
are red, and others green. The ground of the co-
lour is determined by the jafper.

a5 . 562. II. Ser-
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562. 1I. Serpentine is compofed of the fame fub-
ftances as porphyry (561); the only difference is,
that the felfpar (548) is 1in larger fragments.
The colour of ferpentine is various; fome kinds
are green, others violet; fome yellow, and fome
black : the principal colour is always determined

by the jafper (554).

563. III. The ophite 1s compoled of only two
fubftances, viz. black fchorl (555) known under
the nameof Ancient Black Bafaltes (555) inter-
{perfed with greeni(h felfpar (548) which forms in

it long fpots. This flone has confiderable hard-
nels. ;

:64. 1V. Granitell is alfo compofed of two fub-
ftances, black fparry fchorl (555) and white fel-
{par, mixed with fome of the green fedpar (548).
“TI'be only difference then between the granitelles
and the ophite 15, that the [chorl which enters
into the compofition of the former, is not of the
{ame kind as that in the latter (563).

565. V. Gramte is compofed of felfpar (548)
{chorl (555) and quartz (547): in feveral kinds
‘there is alfo mica (508). The colour of gra-
~ nite is exceedingly various; il is exceedingly hard,
dificult to be worked, "and never receives a fine |

polilh.

566, VI. Mill-
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- 566. VI, Mill-fiones are exceedingly hard, and
more or lefs porous. With the ftones which enter
into their compofition, we are not much acquainted.
The names of thefe {tones {ufficiently indicate the

purpofe to which they are applied.

567. VII. Flint is a hard opake ftone, {ufceptible
of a beautiful polith. 1t appears to be compofed
of concentric ftrata, and bas confiderable brilliancy
on its fraGture. Flintsare never found in continued
quarries like the other ftones; they are found de-
tached and difperfed throughout the fields. When
joined by any kind of cement, they form pudding-
Slones : they become decompofed in the air, for
they are found for the moft part covered with a
cruft of a fofter nature than the interior part. Their
colour is exceedingly various: fome of them are
{potted, and variegated with veins ; others exhibit
the refemblance of plumes, and even of plants.

ORDER 1V.

Stones or Subffances produced by Vilcanic Fire.

568. Thefe {ubftances are thofe produced by vol-
canoes ftill in a ftate of eruption, or which are
found near extinguifhed volcanoes : of this kind
are pumice-flone, lava, and bafaltes.

O3 569, 1.
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METALLURGY.

 573. The obje&t of metallurgy is the ftudy of
metallic fubftances. Thefe fubftances are the hea-
vielt of all the natural bodies: they have the pro-
perty of fufing in the fire, and of thereby a.f:qfiiring'
fplendor : they afterwards become hard on cool-
ing, and their upper furface aflumes a convex form.

574, Nature rarely prefents to us thefe {fubftances
in a ftate of purity. If we except gold and fome-
times ﬁiw}er, it has combined them with various
other fubftances, which conceal and change their
metallic properties.. The metals' thus concealed
and buried in the earth form ores, from which the
metallic part muft be extracted. The {cience which

teaches us to extraét the metal from the ore is
called Docimafia.

575. Of the metallic fubftances, fome are mal-
leable and duétile, that is to fay, they have the pro-
perty of being extended under the hammer ; others
are not malleable, or very little fo. The former
are the Metals properly fo called ; the latter the

Semi-Metals. We fhall divide thein into two
orders,

O -+ ORDER
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without cracking or breaking when ftruck with a
hammer, drawn through a wire drawing-plate, or
ftrongly comprefled between rollers.  Thefe metals
remain fixed when expofed for a long time to a
violent heat, without experiencing any change 1n
~ their weight or fenfible alteration : of this kind are

gold, filver, and platina.

r. Gold.

£80. Gold is a yellow metal, which does'not pof-
fefs very great {plendor; it has 'little elafticity
(794) and it is not very fonorous (795) hard (791)
or tough (793). Of all the metals it i1s the moft
dudtile (789) and has the greateft fixity when ex-
pofed to heat (788). Tts fpecific gravity (796) is
inferior only to that of platina (596). It adheres

with more ftrength to mercury than any of the
other metals (8o1).

581, As gold is not liable to become tarnithed,
it 1s employed for making ornaments and articles of
drefs : but the moft important ufes to which it is
applied, are for plate, money, and jewellery.

582. In mines gold is found, for the moft part,
in a native flate, either cryftallized in oftaedra, or in
fibres and filaments of different lengths; or in la-
min&, difperfed throughout fome matrix ; or in
{cales fcattered among fand or earth: it is found

al{o
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ColJ. Ammonia is effential to its fulmination, as
bhas been proved by Berthollet.

586. Gold is precipitated from its folution by
feveral of the metals and femi-metals : fuch as fil-
ver, copper, iron, lead, tin, mercury, bifmuth, and
zinc. Tin precipitates it immediately, and forms

the purple of Ca/ffius.

587. Gold mady be allayed with all the metals,
and wich feveral of the femi-metals. With mercury
it forms a pafte employed for gilding in or mon/u.

2. Silver.

588. Silver is of a white colour, pure, and bril-
liant. Next to gold, it is the moft efteemed of
all the metals. Next to gold and platina, it is the
* moft duétile (789) and that which has the greateft
fixity in the fire (788). It is alfo, next to copper,
the moft fonorous (795). In elafticity (794) and
tenacity, it is inferior only to iron, copper, and pla-
tina. Ithaslefs hardnefs than iron, platina, or copper.
Its {pecific gravity is inferior to that of platina, gold,
mercury, and lead ; but it 1s fuperior to ¢hat of all
the other metals and {femi-metals.

589. Silver is employed chiefly for making plate,
and for different kinds of money.

590. In
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and which are known under the name of Lunar
" Cryftals. A folution of thefe cryftals is exceedingly
cauftic, and corrodes the epidermis. This nitrate
of filver, melted and poured into moulds, forms
lapis infernalis. It muft be made with very pure
filver. |

-593. As the muriatic acid adheres firongly to its
oxygen, it does not oxidate filver, and confequently
it cannot diffolve it: but the oxygenated muriate,
by its excefs of oxygen (200) eafily oxidates filver,
and afrerwards, having become fimple muriatic acid,
diffolves it very {peedily.

£94. Silver is precipitated from its folution in
nitric acid by lime-water, by alkalies, and by fome
metals, as copper and mercury. When filver is
precipitated by mercury, it forms a kind of vegeta-
tion, known under the name of Arbor Diane.

595. Silver, as well as gold, may be made to ac-
quire a fulminating property, but in an inferior de-
gree. To form fulminating filver, you muft em-
ploy Berthollet’s procefs, which is as follows:—
Diffolve cupelled filver in nitric acid, precipitate the
filver from this folution” by lime-water, and having
decanted the liquor, expofe the precipitate for three
days to the air; then dilute the dried precipitate
“in ammonia, where it will afflume the form of a
black powder : if you then decant the liquor again,

and
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and dry this powder in the air, you will have fulni-
nating filver.,

The contact of fome burning body is neceffary to
make gun-powder detonate; and, to produce the
fame effect on fulminating gold, it muft be expofed
to a certain degree of heat; but the contatt of
the {malleft body, and even cold, is {ufficient to
make fulminating filver detonate. It is g fubftance
really not tangible, and therefore it muft be kept in
* the capfule in which it has been made. Great cau-
tion is requifite in preparing it, and {till more in
performing experiments with it

3. Platina.

596. Platina is a white metal, but of a duller
. colour, and lefs brilliant than filver. It is heavier
‘than gold (796) and confequently it is the heavieft
of all bodies. When expofed to heat, it exhibits
nearly the fame fixity as gold (788); it experiences
no alteration either in the air or in water. Its duc-
tility is not inferior to that of gold (789). Next to
iron, it is the hardeft of metals (791). ts tenacity
and elafticity are inferior to thofe only of iron and
copper (793, 794). At is more fonorous than
gold or lead (795) but it is lefs fo than all the other

metals.

597. Pla-
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5g%. Platina is found in its mines in the ftate of
{mall grains, or {cales, of a livid white colour ; it is
always combined with iron, and is then fuﬁ:cp-
tible of being attracted by the magnet. In this
ftate it has very linle duétility ; but when com-
pletely purified from every foreign f{ubftance, it is
{ufficiently duéiile to be drawn through a plate,
and even into a very fine wire without breaking.
It is exceedingly difficult to render it very pure,
and to work it like other metals.

598, Platina is abfolutely infufible with an ordi-
nary heat (790). When expofed in the focus of
Trudaine’s lens, it fhewed only the commencement
of fufion, fo that the grains were a little cemented
to each other.  Lavoifier, however, fufed thefe
grains with great eafe, by exciting the fire with a
current of oxygen gas. By this procefs he fufed .
purificd plating with fhill greater eafe. In this ftate
of purification 1ts {pecific gravity is 195000 ; but
when rolled, its gravity 1s 220690.

599.. Platina 1s {oluble only in the nitro-muriacic
acid, or oxygenated muriate. It 'is precipitated
from its folution by alkalies. A f{olution ofmuriate -
of ammonia poured into a folution of platina, forms
in it an orange-coloured precipitate, which is a faline
fubftance entirely {oluble in water. This proper ty,
which the muiate of ammonia has of precipitating

platina,
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platina, furnifhes a very fimple method for difco-
vering whether gold is alloyed with platina.

6o0o. Platina i1s a meral valuable, on account of
its hardnefs, the fine polith of which it is {ufcepri-
ble, and its unalterability. It 1s employed for mak-
ing the {pecula of telefcopes, which, becaufe they
never lofe their polifh, are fuperior to any other kind.
It poflefles alfo another, good property, which is, that
it undergoes very little change in its dimenfions by
changes of temperature. On this account it was
employed with great advantage in meafuring an arc
of the mendian, comprehended between Dunkirk
and Barcelona.

Gexvs IL.—Thke Imperfect Metals.

6a1. The name of Imperfect Metals is given to
thofe which, like the perfect metals, pnﬂefsliduc-
tility, but which remain fixed in the fire only to a
certain degree ; beyond thav degree they become
altered, combine with oxygen, and are converted
into a fort of earth, called Metallic Oxide. There
are reckoned to be four imperfect metals, viz. c:ap-
pers iron, tin, and lead.

1. Copper.

6oz2. Copper is of a red or orange colour, and

exhibits brilliancy on s fratture. It is the moft
{onorous
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fonorous of all the metals (795). In elafticity and
toughnefs it 1s inferior only to iron (793, 794)-
It has lefs hardnefs than iron or platina, but it
is harder than any ' of the other metals (791).
In duility it approaches near to un (789). It
may be reduced to very thin leaves, by making it
pals berween rollers ; and may be drawn out into
exceedingly fine wire.  lts {pecific gravity is {ome-
what greater than that of tn. Of all the imperfeét
metals, it is that which remains longeft fixed in the

fire.

603.. Copper 1s found fometimes native in its
mines, or in laminz with a matrix of quartz, or m
compaé&t mafles of confiderable fize. It is, how-
ever, oftener found mineralized with other fub-
{ftances and forming an ore. This ore 1s {ome-
times decompofed and reduced to the flate of oxide.
The refult in this cafe is what is called Mountain
Green, Mountam Blue, Malachite.

604. Copper does not fule until fome time after-
it has been brought to a ftate of ignition, and at a
degree of heat not much greater than that necef-

- fary to fufe gold (790). If kept in -a ftate of fu-
fion, it 1s in part volatilized. b

605. The nitric acid diffolves copper with effer-
- velcence, and the folution has a blue colour. The
acid firft oxidates the metal, a large quantity of

P nitrous
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nitrous gas (18¢) is then difengaged, and the cops
pet afterwards diffolves.

606. The fulphuric acid docs not diffolve cop-
per, unlefs when concentrated, and very warm ¢
blue cryftals' of a rhomboidal form, known under
the name of Sulphate of Copper, are the refult. Lime
and nragnefia both decompole this fulphate. The
precipirate thence produced is of a bluifl white co-
lour ; but when dried in the air it becomes green.
Ammonia allo precipitates the copper from this ful-
phate of a whitilh blue colour; but the precipitate
dificlves almoft as foon as formed, and the refult is
a beautiful blue liquor, called Celeftial Water.

60';‘._' Theé muriatie acid does not diflolve copper
but when concentrated and in a flate of ebullition ¢
the folution is green,and produces pretty regular prif-
matic cryftals of a beautiful orafs-green colour, the
tafté of which 1s cauftic, and exceedingly aftringent.

6c8. The acetous acid does not diffolve coppery
becaufe it does not contain a {ufficient quantity of
oxygen to' produce a ‘commencement of oxidation
in the metal it only corrodes it, and the refult is
‘werdety or verdigrife 5 which, Being diffolved in vi-
negar, forms cryftallized atetite of copper, known
under the name of Cryflals of Pemds ¢ but the acetic
acid, or radical vinegar, difiolves copper when pre-
fented to ity even in the ftate of metal ; becaule, as
it-contains more oxygen than the acetous acid, itis
capable of firfl oxidating, wnd:then diffolving it,
euatli 3 609. Irom
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609. Iron precipitates copper from its folutions :

for this purpofe nothing is neceffary but to immerfe

the iron in the folution j the acid feizes on the iron
and - abandons the copper; which is then preci-
pitated. This copper, thus precipitated, is ‘called
Copper of Cementation. This procefs is employed
by jugglers, who oftenr boaft of being able to con-
vert iron into copper ; but it may be eafily feen in
what this tran{muration confifts:

‘610: Copper may be alloyed with thie greater
part of the metals and femi-metals.  As an alloy of
filver (588) renders it more fufible, this mixture is
employed as folder for filver plate. "Copper when
alloyed with tin (642) forms bromze; a metal em-
ployed for making bells, cannon; and ftatues;
when alloyed by cementation with the oxide of
zinc; called Culamine (693) it forms brafs (611);
when alloyed by fufion with zinc, it forms Similor,
or Manheim Gold; with arfenic. (707) it forms
White Tombac; ~with bifmuth (671) a reddifh
white mixture 3 and with antimony (700) a violet-
colonred mixture.

‘611, There are two' forts of copper employed in
the arts, viz. pure copper, and brais (60} which is
a mixture of three parts of very pure copper and
one part of zinc (692). Zinc changes the colour of
“«opper to a beautiful yellow, approaching near to
-that of gold.

P2 612. Copper
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612. Copper is employed for making the pipes
of water-conduits, bathing-tubs, kettles, ftills, &c. ;
it 1s ufed alfo for kitchen-utenfils, but very impro-
perly, for as thefe veflels are liable to be corroded
by the falts and acids ufed 1in the preparation of
food, they often become dangerous, and may thus
make us fwallow flow poifon. Kitchen-utenfils of
tinned iron are far preferable, becaufe iron pofiefles
no qualities injurious to health.

613. Brals 1s employed for various ornaments,,
as it can be eafily gilt : moft of our articles of fur-
niture are decorated with it. It is ufed alfo for fta-
tues, and fer bas-reliefs ; when not gile, its furface
at length becomes covered with a greenifth cruft, as
may be feen on old {tatues and coins, the antiquity
of which it attefts.

2. Iron.

‘614. Iron 15 a metal of a dull grey colour, but
brilliant on its fracture, where it may be feen thar
it is compofed of lumine. It is the hardeft (791)
and the moft elaftic (794) of all the merals. ltis
the moft duile of the imperfeft metals (78¢) for
it may be drawn out into wire, which in finenefs
and tenacity is inferior to that of no other metal
(793). 1f we except platina (596) iron is the moft
difficult to be fufed of all the metals (%90) ;- but it
. ' becomes
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bécomes foft in the fire, and may be forged into any
form at pleafure: it is lefs fixed in the fire (788)
than copper (602) but it is almoft as fonorous (793)
as filver (588)."- Iron 1s-the only body fufceptible
of being attracted by the magnet, and it is alfo the
only one capable of attracting it.

i7615. Iron is difperfed everywhere throughout
the earth, and is contained both in vegetables and
animals. It is fometimes found in a native ftate ;
but this is rare, as it 1s for the moft part mineralized
with' other fubftances.” The ores in ‘which iron ap-
proaches neareft to the native ftate, are in all pro-
bability thofe Tufceptible of being attracted by the
magnet, ' i ' |

616. The magnet ought to be claffed among the
iron ores, of which it is a {pecies, becaufe it always
contains 2 certain quantity of this metal. Refpe&-
ing the nature of the fubftance, however, united with
the iron, to render it a magnet, we are utterly unac-
quainted. The {pecific gravity of the magnets
brought from India is 42437.

617. When iron ore is fufed in the large fur-
naces, it 15 made to flow into a kind of mould
formed in fand. This firt produét, which is ex-
ceedingly brittle, and not at all malleable, is called
Caft-Iron.  1In this ftate, by pouring it into different
kinds of moulds, it is formed into ftoves, pots,

pipes,
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pipes, and other artic'es, which could not be made
of forged iron but at a very' great expence (621). .

+ 618, To tender caft-iron malleable, it is fufed
and kneaded ‘in: a’crucible; it 'is-then ‘put under
ftampers to free it from foreign-fubftances; aftes
which 1t is forged into {quare or flat bars: this is
what 1s called ﬁargﬁ:f Iron; the fpecific gravity of
which is 77880, while that of caft-iron s nnl}r

i (796)-

- 619. Iron is fufceptible of being reduced to a
third ftate, which is that of /feel. It is converted
1aro fteel by expofing it to heat in gontact with car-
bonaceous fubftances, which unite themfelves with
it. Here then we have three ftates in which iron
may exift ; viz. cqff-iron, forged iron, and fecl. .

620. Caft-iron contains too great a quantity of
carbonaceous fubftances : it is fteel too much. ftecli-
fied ; itis therefore exceedingly: brutle, and not at
all malleable. |

621. Forged iron 1s iron purified from all foreign
{ubftances: it 1s exceedingly. malleable, efpecially
when hot; and in that ftate it may be made to al-
{ume any form whatever.

622. Sﬁﬁgl is ﬁ}rﬂ'ed iron cnmbmed by means of

cementation, wuh that quantity of carbonaceous
matter
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matter neceffary for the purpofes to which it is
deftined. It holds a mean rank between caft-iron
and forged iron, Steel in this ftate 1s compofed of
{mall grains ; and when hot, poflefles a confiderable
degree of malleability. It is denfer than forged
iron, becaufe it has been penetrated by the carbo-
naceous matter. Its {pecific gravity 1s 8331 ; but
it is not harder than forged iron. To communi-
cate to it the neceflary hardnefs, it muft be tempered,
that is to fay, after being expofed to a greater or
lefs degree of heat, according to the required de-
gree of hardnefs, it is fuddenly cooled, by immeri-
ing it in cold water. Tempering renders it harder,
more elaftic, and more brittle : it diminithes a litcle
its fpecific gravity, for it'increafes its volume. Its
{pecific gravity after being tempered, is only 78163.
Tempering alfo gives it a coarfer grain, for the mix-
ture and penetration are lefs. On this account,
each grain 1s more difficult to be detached from the -
neighbouring ones, becaufe being larger they touch
each other in more poings ; each grain allo is more
difficult to be cut, becaufe it is compofed of parts
more analogous ; and this is the caufe which ren-
ders fteel harder, but the connection of the whole
being lefs, fince the mixture, after being tempered,
is not {o perfec, this renders fteel more brittle.

623. All the acids exercife an a&ion more or lefs
{teiking on iron. The nitric acid is rapidly decom-
pofed on iron: a portion of the oxygen, by which

P4 it
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it was acidified, oxidates the iron, which then difs
{olves, and the remainder pafies off in nitrous. gas.
“The {olution is of a reddith brown colour, It is
by this procefs that nitrous gas is extracted (191).

624. The fulphuric acid, if diluted wich
water, produces; when poured;jover iron, a.very
ftrong effervefcence. ' The; watér is  décompofed
(267 et feg.) and its oxygen oxidates the iron, while
its hyd'rogen -pafles off under the gafeous form';
the acid then dificlves the oxidated iren without
lofing any thing, and without changing its natures
It is by this procefs that hydrogen gas is.extracted
(287). |

625. Muriatic acid diluted with water, exercifes
a ftrong action on 1ron..  The water is decompofed:;
its oxygen oxidates the metal, which the acid then
diffolves without lofing any thing ; and its hydro-
gen pafles off under the galeous form.

626. The aéftuus acidﬂdi'ﬂ'udlves iron with facility.

627. The pruiﬁc aciﬂ diffolves iron, dnd forms
Pryfliate of Iron, or Pruffian Blue.

628. The a&ion of the air and of water on
forged.iron (681) produces a martial oxide, known
under the name of «perient Crocus Martis : it is real
carbounate of iron. 3 |

629, If
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629. If iron-filings be put into water, and if the
water be agitated, you will obtain a Llack pewder,
which is an oxide of iron, known under the pame of
E;xwr}"a‘ Martial Eﬁ&i&p&'.

630. A mixture of fteel-filings and {fulphur,
moiltened with water, becomes hot 1n' the-¢ourfe of
a few hours: the water is decompofed : its oxy-
gen produces ruft on the iron, and converts the
{ulphur into an acd, while its hydrogen efcapes
under the form of gas. The heat fometimes be-
comes {0 violent as to inflame the mixture, This is
what is called Emery’s Foleano.

631. lron may be alloyed with feveral metallic
{ubftances ; but the only alloy of it ufed in the arts,
is that with tin (633) which forms tin-plate.

632. The ufe of iron and fteel in commerce is

{o extenfive and common, that nothing farther needs
be faid on the {ubjeét.

g Tin

633. Tin is of a’colour approaching near to
that of filver (588) but fomewhat duller. Next to,
lead (693) it is the fofteft (791) and the leaft elaf-
tic (794) of all the metals: in tenacity it is {upe-
xior only to lead (793); though not very dudile

(789)
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(789) it 1s fufceptible of being reduced to very thin
Yeaves. It is lefs fonorous than copper, filver, and
won (795): except caft-iron (678) it is the lighteft
of all the metals. 1Its (pecific gravity 13 72914. It
fufes with lefs heat than any of the other metals
{790) and a long time before it becomes red. It
may be eafily bent, and in that cafe emits a kind of
creaking noife : it is the only metal which pofiefles
this property. '

634. Some chemifts affert that tin 1s fometimes
found in a native {tate ; but this is exceedingly rare :
it 1s for the moft part mineralized with iron, and
fometimes with fulphur. Its ore is red, black, or
white, @ |

635. When tin has been kept for fome time in

a ftate of fufion, and is then expofed to the action
of the air, its {urface becomes wrinkled, and covered
with a grey pellicle, which is an oxide of #in. 1If this
firt ftratum be removed, the tin appears below in
full brilliancy ; but it foon lofes its fplendor, and. is
again oxidated. By continuing to expofe it to heat,
you may at length oxidate the whole of it. This
oxide, which is puity of tin, 15 called by the tinkers
Brofs of Tin.  They take great care to.remove fre-
quently this grey pellicle, in order, as they fay, to
pnrifjr the metal ; but this is only a deception, in
order that they may purloin fome of it, for they
know very well how to fufe this pretended drofs
through
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through charcoal, and to extratt from 3t good

an.

636. The nitric acid fpeedily oxidates tin by
corroding it, and the metal is precipitated under the
form of a white oxide. By this procefs a great deal
of nitrous gas is difengaged. This white oxide is
employed for rendering glafs opake; and is the
means made ufe of to form white enamel,

637. The fulphuric acid, with the affiftance of
heat, diffolves tin; and a part of the acid elcapes
under the form of f{ulphurous acid gas (241): this
acid however diffolyves tin much better when it has
been already oxidated. The metal, when thus oxi-
dated, may be precipitated by water.

638. The muriatic acid, either cold or warm,
diffolves tin, and, during the effervefcence, a gas
highly feetid is dilengaged. The folution is yellow-
1th, and furnifhes by evaporation cryftals in needles,
which attract the humidity of the atmolphere.

639. The nitro-muriatic acid, and the oxygenated
muriate, which may be confidered as the fame fol-
vent, diffolve tin very {peedily, and a ftrong heat is
excited. The beft proportion for making a good fol-

vent of tin is, two parts of nitric acid and one part
of muriatic acid,

‘ 640. The
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640. The tin ufed in commerce, is alloyed with
various metals: fometimes it 1s mixed with a liule
copper (602) and bifinuth (670). The copper gives
it hardnefs ; the bifmuth reftores its brilliancy, de-
ttroyed by the coppery and renders. it more fonorous.
Pewterers fometimes mix with it antimony (700)
zing (692) and Jead (643); but in this they are
-wrong, and deferve reprehenfion'; antimony indeed
hardens tip, and zinc whitens it 3 but lead makes
it of a worfe quality ; and the pewterers very often
employ a pretty ample dofe.  The prefence of Jead
may be detected in it by nitric acid, which diffolves
the lead, and only corrodes the tin.

641. Tin is employed in the filvering of mirrors,
and for tinning kitchen-utenfils ; bur when applied
to the latter purpofe, it ought to be pure.

The braziers often add lead to it, which renders
veflels tinned with it doubly dangéruna, on account
of the copper (612) as well as of the tinning. They
cannot employ lead however in tinning utenfils of
iron, as this alloy has not fufficient adhefion: to
make the tin adhere properly, it is neceflary that it
fhould be pure. It is very aftonifhing that copper-
utenfils are not entirely banithed, and iron ones {ub-
ftituted in their ftead, as iron is neither dangerous
of itfelf, nor on account of its tinning.

642. Tin,when alloyed with copper, forms bronze
(610); it enters alfo into the compofition of the

amaloams ufed for eleClric machines.
g > 4. Lead.
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4. Lemf.

643. Lead has a duller colour than tin (633) and
fomewhat inclining to greyith-blue: this colour
{oon becomes tarnifhed in the air. Tin i1s the leafk
duétile of all the metals (789); it is alfo the {ofrelt
(791) the lealt elaftic (794) and the leaft fonorous
(795)) ; it has, likewife, the leall tenacity (793).
Nexrt to tin, it has the leaft fixity in the fire (788);
and it fufes with-a very low degree of heat, and a
long tme before it becomes red (790). It is the
heavieft of all the metals, gold and platina-¢xcepted

(796)

644. Some authors affert that lead is fometimes
found in a native ftate ; but for the moft part it is
mineralized with fulphur. . This kind of ore s
known under the name of Galena: it generally
cryftallizes in cubes: the only mines worked are

thofe of this kind: they almoft always contain
filver. '

645. Lead ore 1s of different colours : fome kinds
are black, others white, and fome green or red;
the laft kind, which 1s found in Siberia, 1s mixed
with a peculiar femi-mertal difcovered by, Vauque-
lin; and to which he has given the name of, Llrgnie
(759)- ' jor9briog

646. When
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646. When lead has been kept fome time in a
ftate of fufion, it becomes covered with a grey ox-
ide. This oxide, when expofed to a ftrong heat,
4(Tumes a yellow colour, and is then called Mafficot:
thisg yellow oxide may be converted into a red ox-
ide, called Minium, by calcining it in a furnace
after it has been reduced to a very fine powder,
and wafhed in water. Thefe oxides, which eafily
become vitrified, are employed 1n the glafs manufac-
tories in the compofition of flint-glafs. Litharge
alfo is an oxide of lead : there are two kinds of ity
yellow and white.

647. Concentrated nitric acid converts lead into
a white oxide.

648. Sulphuric acid in a ftate of ebullition, oxi-
dates, by means of a’ portion of its oxygen, a con-
fiderable part of thie lead expofed to its action : anos
ther part of the lead is diffolved, and forms fulphate
of lead. The refiduum is fulphurous acid.

649. Mouriatic acid poured over lead, when af-
fifted by heat, oxidates one part of it, and diffolves
another.

The fame acid inftantly decompofes litharge,
and excites a very {trong heat. The refult is oftae-
dral cryftals of a dull white colour, exceedingly
ponderousy and having a ftyptic favour, |

The
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The affinity of muriatic acid for the exides of
ead is [o great, that the latter decompofe all the
combinations of this acid. They decompofe the
muriate of foda, the muriate of ammonia, &c. and

form muriates of lead.

650. The acetous acid corrodes lead, and the
refult is a white oxide, known under the name of
IWhite Lead. This oxide 1s capable of rendering
white horfe-hair black ; and for this reafon it 1s em-
ployed by horfe-dealers to blacken thofe parts of
black horfes, which have beceme white, in-places
where they have been hurt,

Cerufe 1s nothing elfe than white lead altered by
a mixture of chalk (4z6).

651. All the oxides of lead are foluble in vinegar,
and form avetite of lead, known under the name of
Salt ot Sugar of Lead.

652. Lead is applied to a great variety of ufes
in the arts : it is employed for making water-pipes,
tor lining boxes, for covering houfes, and for muf-
ket-bullets and {mall fhot.

653. Braziers are (o unprincipled as to mix
it \r.n:h the metal EmpIa}red for tinning utenfils of
copper. This practice is highly dangemus (641)
and defetves punifhment. :

654. Litharge
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1. Mercury.

658. Mercury differs from all the other metallic
fubftances, by its being always in a fluid ftate at the
common temperature, and its dividing itfelf on the
leaft agitation inta an indefinite number of par-
ticles, which always affume a {pherical form. It re-
tains its fluidity even in a temperature which to us
would be exceedingly celd, and in which it would
be impoflible for us to: live, as it never becomes fo-
lid but at a degree of cold equal to about 40° below
zero of Fahrenheit’s thermometer, or 72° below the
freezing point, :

659. Mercury is opake and 'of a bright colour,
like that of polithed filver. When expofed to the'
action of heat, it neither becomes calcined nor vi-
wified 3 for though it ‘affumes a blackifh coleur by
the action of a moderate heat, and becomes reddifh
by a ftronger degree, and though, in. diftillation, it
appears under the form of vapour or whitith funies,
you may very eafily, by means o fire and without
any addition, reftore its original form and filvery
colour. Some authors therefore have afferted, that
it onght to be clafied among the perfect metals ( 5}9}.
Next to platina (596) and gold (589} mercary is
the' heaﬁeﬂ: of all t’he metals (796). i

Q.. " 660, Mei-
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fieat capable of making 1t boil, metcury gradually
lofes irs fluidity, and at the end of fome months

- forms a red oxide: this 1s what 1s called Mercury
precipitated per fé. This oxide is revived merely
by hear, and furnifhes a great deal of oxygen gas.
Two pounds, 399°15 grains of mercury, thus oxi-
dated, can furnifh of this gas about 3012984 eubic
inches *;

664. The nitric acid diffolves mercury with vios
lence, and fuffers to efcape a large quantity of ni-
trous gas. The refiduum is nitrate of mercury;
which is corrofive;  If this nitrate be heated in a
crucible it fufes, ftill gives out a great deal of ni-
trous gas, and lofes 1ts water of cryftallization : the
oxide which remains, firft becomes yellow, then ac+
quires a bright red colour, and forms what is
called Red Precipitate of Mercury: |

665. The fulphuric acid has no alion on mer=
cury, unlefs aflifted by heat; {ulphurous acid gas is
then difengaged, and a white oxide is precipitated:
If warmi watet be poured over this oxide; it becomes

yellow ; and 1s known under the mame of Yellow
Ouxide, or Turbith Mineral.

- 666. Thcmgh the muridtic acid has no fenfible
action on mercury, yet, if digefted for a long time

* Of a chiliogramme can furnith 59 cubié litres, 766679
cubic millimetres, which is nearly 60 litres.

Q.2 over
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over this metal, it becomes oxidated ; and the res
fule is a muriate of mercury. ~1f this muriate be
little charged with oxygen, it forms what is called
Sweet: Mercury ; but if faturated with oxygen, the
refult is corrofive muriate of ‘mercury, known un-
der the name of Corrofive Sublimate, which is folu-
ble in water:; whereas {weet mercury is infoluble in
that liquid. This furnifhes a fimple method of fe-
parating them when mixed.

- 667. To obtain mercury perfectly pure, ‘it-muft
be revived from cinnabar (661) : for this purpole,
three parts of cinnabar and two parts of iron-filings
are diftilled together: the mercury paffes over very
pure, anl is known under the. name of Mermg: Re-

wived fram Cmrmf:ar

668. Mercury may be united by amalgamation
to different metals. On this property is founded
the arts of gilding metals, of filvering. mirrors, of
extracting gold and filver from their ores, &c.

669. Mercury is employed with advantage for
meteorological® inftruments :- 1ft, It freezes with
great difficulty ; 2d, It expands in a pretty uniform
manner ; 3d, It may be obtained always of an equal
quality, by employmg that which has been revwcd
from cinnabar..

i Wi g SR
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2. Bf?;ﬂﬁfﬁr

670. Bifinuth is of a yellowifh white colour : jt
is brittle, and readily breaks under the bammer.
Next to mercury (659) it is the heavieft of all the
{emi-metals (796) and the eafieft to be fufed (?go)
it enters into fufion long | before it becomes red, and
with a 'moderate degree of hear; while fufing it
cmlts fumes but it dnes not become vc:lanhzed

67[; Bifmuth is.'f;ﬂijn:d native, or mineralized
- by ulphur, or by ar'{'enic"('yc:v?)“' Natwc bifmuth
is fometimes cryftallized in cubes: it 1 fc;-und allo
in tuberous maﬁes like ftalatites (458)

672. Bifmuth, when brought to a red heat,
burns with a faint blue flame, and emits yellowith
fumes; which, when condenfed, form what are

called Flowers of Bifmuth.

673. gy Tt {peedily oxidates bifmuth,
and nitrous gas is difengaged : a portion of the ox-

ide afterwards d:ﬂ'ﬂlves, and forms a mitrate of bif-
muih.

674. Sulphuric acid boiled over bifmuth, dif-
folves it in part, fuffering fulphurous acid gas to
efcape ; and the refult is a fulphate of bifmuth ex-
ceedingly deliquefcent.

Q.3 . 675. The
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675. The muriatic acid has but a flow action
on bilmuth, even when very much concentrated ;
the refult is a muriate of bifmuth, which ftrongly at-
tracts the moifture of the atmofphere,

676. Water precipitates bifmuth from all its {o-
lutions : the reafon of this no doubt is, that the acids,
being thus weakened by the water, are no longer
able to hold the bifmuth in folution: this precipi-
tate, when well wathed, 1s known ynder the name
of Magifery of Bifmuth, or HWhite Paint. The la-
dies who make ufe of it are yery imprudent, for,
befides the danger of this pra&ice, their complexion
foon becomes of a leaden colour 5 and their fkin,
by thefe means, is rendered blacker than it was
before.

1

677 Bifmuth may be alloyed with all thie’ me-
tals ; but it is difficult to unite it b} fufion to the
fﬁmt metals, '

678, Bifmuth forms an amalgam with mercury
{653) and renders it lefs fluid. On account of this
property, it might be employed with advantage in
the filvering of mirrors, by adding a little of it to
the mercury and tin ufed for that purpofe.

3 . Cﬂffdff-
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3. Cobali.

679. Cobalt is of a pale or grey colour, inclining
tored: it is hard (792) but fufible, and almoft of
an earthy nature. In the fire it has a confiderable
degree of fixity, and does not inflame or emit
fumes: it fufes (7yo0) but requires almoft as ftrong
a degree of heat as that neceffary to fufe iron. Next
to mercury and bifmuth, itis the heavieft of the
femi-metals,

680. Cobalt in its ores is-combined with {ulphur,
arfenic, and fome other metallic fubftances.

i

681. Oxide of cobalt, when freed from arfenic,
is known under the name of Zaffer. Zaffer, when
fufed with three parts of quartz (547) and one part
of potath, forms /wa/t, which is a kind of glafs, of
a beautiful blue colour : this glafs pulverized, forms
the blue employed for colouring ftarch: it is ufed
alfo by the painters of earthen-ware, porcelain, &c.
and to colour different kinds of glafs blue,

682. Cobalt is foluble in acids. The nitric acid
diffolves it with effervefcence ; and the refult is
cryftals in needles, which decrepitate and fufe on
the coals.

Q4 683. The
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688. That kind of nickel-ore, known under the
name of Kupfer-nickelyis of a reddilh yellow colour.
It is fonnd in different parts of Germany, as Wr:ll a8
in Dauphiny and the Pyrenees.

689. The nitri-:: acid aa:tacks nxi’dc; of rii_c'ke!-; as
well as nickel itfelf, with great vivacity : this {olu-
tion produces cryftals, in rhomboidal cnbes;sof a
beautiful emerald-green colour.

69o. The fulphuric acid, diftilled from off nickel,
fuffers {ulphurous acid gas to efcape ; and there re-
mains a greyith jilphate: of mickel, which, when difs’
folved in water, gives it a green:coladr.

691. The muriatic acid diffolves nickel alfo,
but only when warm : this folution gives cryftals
in the form of long rhomboidal oftaedra, and of a
moft beautiful emerald-green colour.

8. Zine.

692. Zinc is of 'a bluilh white colour, and pof-
fefles confiderable ‘Dbrilliancy. Of all the {femi-me-
tals it is the leaft brittle ; and on that account, it
15 exceedmgly difficult to reduce it to powder; it
even has.a certain degree of dultlity (?ng and
may almoft be worked under the hammer : lt IS
fulceptible alfo of being rolled into very thin leaves.

In
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In that ftate it burps in the flame of a taper, and
gives it a blue colour mixed with green. Zinc,
when expofed to heat, foon enters into fufion (790)
and long before it becomes red ; the degree of heat
which it requires for this purpofe being only a very
Nittle higher than that neceflary to fufe lead (643).
¥ts fpecific gravity (796) 1s fomewhat lefs than
that of caft-iron (6:7).

693. When zinc is brought to a red heat, it
burns with a blue flame, and throws out white
flakes, called Flowers of Zinc. 1f water be poured
over zinc when it begins to be red, the former will |
be decompofed. Its oxygen (275 and 276) oxi-
dates the zinc, and a great deal of hydrogen gas is
difergaged, i

6g4. Zinc, in general, is mineralized with ful-
pbur; and this ore is known under the name of
Blende : very often it contains iron, When blende
is decompofed the refult is fulphate of zine,

695. Zinc is found alfo in the ftate of oxide, If
the fulphur is diffipated without producing a ful-
phate, its place is occupied by oxygen ; and the re-
fult is that oxide of zinc, known under the name of
Calamine, which is almoft always mixed with iron.
This ore is the only kind worked, in order to ex-
trat zinc from it

696. The
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696. The nitric acid, even when diluted with
water, diffolves zinc with violence, and forms a ni-
trate of =ine exceedingly deliquefcent,

'~ 697. The fulphuric acid diffolves zinc cold ; and
it is probable that in this cafe water is decompofed,
for a great deal of hydrogen gas efcapes. By eva-
poration you may then obtain a falt, known under
the name of Sulphate of Zinc, ov White Vitriol.

698. The muriatic acid diffolves zinc with effer-
vefcence ; and hydrogen gas is produced in the
fame manner as with the {ulphuric acid (697): af-
terwards there is a precipitation of black flakes,
which are muriate of zine.

699. One part of zinc alloyed with three parts, of
copper, forms that metal called Brafs (611),

6. Antimony.

yoo. Antimony 1s of a whitith colour: it is fo
brittle that it readily breaks under the hammer : its
interior texture appears to be ftriated and compofed
of filaments. It volatilizes entirely in the fire, and
communicates the fame property to metals with
which it is mixed. It fufes at a degree of heat
fomewhat higher than that neceflary to fufe zinc
(790) ; and, when in fufion, fuffers to efcape white
- : fumes,
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e A _/E‘m;r:.

207. Arfenic, in the metallic ftate, is of a black-
ith grey colour. It is brittle, and its fracture has a
confidefable refemblance to that of fteel (622); but
it readily tarnifhes. It 1s the lighteft of all the me-
tals and {femi-metals (796). If arfenic be thrown
intg a crucible brought 10 a bright red heat, it
burns with a blue flame, and is volatilized into 4
white oxide; which has a firong fmell of garlic.

70§. Arfenic, when alone, fufes with difficulty ;
yet it may be alloyed by fufion with moft of the
metals : it whitens thofe which have a colour inclin-
ing to yellow or red; gives brittlenefs to thofe which
are ductile, renders thofe which fufe alone with
difficulty more fufible, and makes thofe which are
fufible refractory.

209. Arfenic is found fometimes in a native
ftate, but for the moft part is combined in its ore
with different metals: thefe metals are difengaged
from it by calcination. During this procefs, the
arfenic is exhaled undcr the form of white fumes ;
which, being condenled, attach themfelves to the
fides of the chimney, and form an sxide of arfenic, that
may be afterwards detached and collected. This
is the arfenic fold in commerce: it is of a fhining

white



OF EIFEMISTR‘L’; 239

white colour, and either opake or tran{parent. Ie
fufes by heat, and is volatilized in a white {inoke,
which emits an odour of garlic, exceedingly danger-
ous. This oxide is perfectly {oluble 1n water.

y1o. Oxide of arfenic is {ufceptible of combins
ing with fulphur, and the refult is either orpimens
or realgar, which differ from each other only in
confequence of the degree of heat they have ex-
perienced ; for if orpiment be expofed to a ftrong
heat, it may be converted into realgar, and it then
affumes a colour inclining to red; whereas orpi<
ment 15 nhl}r yellow.

711. The nitric acid, affited by heat, diffolves
oxide of arfenic, and forms a deliquefcent falc.

712. Sulphuric acid in a flate of ebullition dif=
folves oxide of arfenic; but the oxide is precipitated
by cooling.

713. The muriatic acid, whether cold or warm,
has only a very weak action on arfenic.

714. When a very large quantity of oxygen is
combined with arfenic, {fo that it becomes faturated,
it forms an acid called the Arfenic Acid. To ob-
tain this acid, either oxygenated muriate or nitric
acid 15 diftilied from off oxide of arfenic. Tha

exygenated muriate gives up its excefs of oxygen
o
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»1y. Manganefe: is the hardeft of all the femi-
metals (792) : when alone; it is 'more difficult to be
Fufed than iron (790) 3 burt it readily fales with the
other metallic fubftances, except pure mercury. = It
has lefs {pecific gravity than zinc ; but more than
antimony (796)s e

#18. Manganefe is always found in the earth in
the ftate of oxide : this oxide is fometimes grey,
brilliant, and cryftallized in very {fmall prifms; at
other times it is of a reddifh white colour ; but, for
themoft part, it is black, friable, exceedingly light,
and ftains the fingers : this kind 1s the beft. When'
expofed to heat in clofe veffels, it furnithes a con-=
fiderable quantity of oxygen gas: four ounces Gf
oxide can furnifh eight or nine pints.

719, Manganefe, when expofed to a'very vio-
lent heat, vitrifies and forms glafs of an obfcure yel-
low colour. If expofed to the air, it becomes oxis
dated into a brown powder, and its weight is aug:
mented %% (7g8).-.

720. Almoft all the dcids hive a ftronger or
weaker action on manganefe and its oxides, The
nitric acid diffolves it with efferve{cence, and forms
a wtrate of manganefe.  The oxides of manganefe
are foluble in nitric acid; but this acid does not.
then lofe its oxygen, becaufe it finds the metal al-

ready oxidated.
R 921. The
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' fiance, whichi grows black by b_?in‘g in-contact with
the air Chaptal aferibes this black colour to its
abforbing ~oxygen.-gas fiom' the airy for having
fhaken the precipitate in bottles filled with oxygen
gas, the black colour was produced in one or twa
mioutes, antl a -confiderable part of the gas was
a.bforbﬂdli

726. Oxide of manganefe is employed in glafs-
houfes, to free glafs from its green or yellow tint;
and; for this reafon; it has been called: Glafs-maker's
Soaps I is employed alfo for gwmg g ﬂulf;t €a+
lour to glafﬁ and poreelain,

9. Tung flet,

227, T zm,g/i'mj or rather its ore, is of a ﬂ:gel-grcj
calaur. It is. exccedmwly hard (792) as well as
bnttle; and cryftallizes in oftaedra. When alone
it is miore infufible (790) than manganefe (717);
it decrepu:ates in the ﬁre and does not melt. The

_ fpeclfi:; gravity of this ore 1§ 6;:-@65, that qf its re-
gulus is 66;3_.,

723 Tungﬂen fufes with foda, with a little effer-
velcence ; but with borax wnhwt effervefcence,

729. If nitric acid be poured over pulverized
tungften, the powder acquires a beautiful bright
R 2 yellow
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10. Ma{yéﬁmﬁ.

733+ The regulus of molybdena is compofed of
{mall round grains, of a greyifh colour. It 1s ex-
ceedingly refraltory, and is as infufible as tungften

(79e). It may be alloyed with metals different
ways.

734. Regulus of molybdena, when expofed to
heat, paffes to the ftate of an oxide more or lefs
white. This regulus, when treated with three parts
of fulphur, regenerates its ore ; and i1t 1s then mo-
lybdena mineralized with fulphur. It is compofed
of {caly particles, not very intimately connected with
cach other. It is of a bluifh colour, approaching
near to that of lead (643). It is foft and fatter to
the touch than plumbago, which isa fort of iron ore:
it ftains the fingers, and leaves on paper traces of an
afh-grey colour, with the brilliancy of filver.

735. Ore of molybdepa can. be,attacked . with
efficacy only by the nitric and arfepic acids; bur
it fufes with foda with effervefcence. According
to Kirwan, 100 parts of this gre contain 45 of the
regulys of molybdena, and 55 of {ulphur.  Its {pe-
cfic gravity is 47385.  If this ore be calcined,
the refiduum is a whitith earth, which is oxide of
molybdena : when ex pof';:d to the blﬂw—pipe, it emits

R 3 white
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11. Titanium,

- #40. We are as yet very little acquainted with
the nature or properties of this mineral.. Klaproth,
a chemift of Berlin, firft difcovered that a {fubftance
found at Boinik, in Hungary, known under the
name of Ked Schorl, was an oxide of 2 new metallic
{ubftance, diftin& from all the others ; and to which
he gave the name of Zitamum. This fubftance is
found in f{everal other places, particularly in the bi-
fthopric of Paflau, in Germany, where it is united
with lime and filex, in the proportion of about a
third of each ; in Bavaria, where it is united to iron
and manganefe, but only a {mall quantity of the
latter ; near Pont- James-les-Noyers, between Nantes
and: Ingrande, where the ore contains about a half
of the oxide of titanium ; and at St. Yrieux, about
eight leagues from L.imoges. It is probable that
it will be found alfo in many other places.

741. ‘We may therefore confider the mineral,
known under the name of Red Schorl, as an oxide
of titanium. I do not know whether the regulus
of it has ever yet been obtained ; but Vauquelin
{ays that, when analyzing the red {chorl of France,
he obferved a metallic cruft of a cupreous red co-
lour, which he judged to be titanium in the metallic
{tate, _

R 4 In
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In what follows, we muft be underftood as {peak-
ing only of the oxide of titanium.

142« Oxide of titanium is of a red colour, fome-
times bright and fometimes dark : it i1s fo hard as
to be able to {cratch glafs : ‘it 1s difficult to reduce
it to powder: when broke, both its frattures are ex-
ceedingly brilliant, and exhibit very fmooth furfaces.
Its {pecific gravity is 42469. If this oxide be ex-
pofed to a ftrong heat, neither its form nor its fplen-
dor 1s in the leaft altered ; its colour only becomes
a little darker. '

743. Oxide of titanium is abfolutely proof againft
acids until 1t has been heated with a cauftic al-
kali ; but when once heated, it becomes {oluble.

744. Nitric acid diffolves it completely: by
{pontaneous evaporation the folution acqnires the
confiftence of oil, and {mall diaphonous, rhomboidal
cryftals are obferved in it.

243+ The muriatic acid diffolves it alfo. "When
expoled to {pontaneous . evaporation, this {olution
becomes a tranfparent gelatinous malfs, of a bright

yellow colour, and prefents {mall cubical, diaphon-
~ ous cryftals. ]

246. The fulphuric acid diffolves it by the help
of flight digeftion. The {olution, when evaporated,
produces
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produces a mals which has a refemblance to the glu-
ten of farina.

247. The fulphuric, nitric, muriatic, and’nitro-
muriatic acids, do not in any manner attack native
oxide of titanium reduced to powder ; but if one
part of this oxide in powder, and five parts of the
carbonate of potath, be brought to a red heat in a
porcelain crucible, the mixture will foon enter into
fufion. This mixture, when poured on a plate of
metal, forms a folid mafs, of a whitifh grey colour.
If it be then pounded and diluted in boiling water,
it depofits a white powder, foluble in the four acids
above mentioned, which cannot attack the oxide-
but if this white powder be heated in a crucible,

and be in 2 manner calcined, it becomes infoluble
in thefe acids.

748. The colour of this white powder is chagged
by calcination ; it paffes from white to yellow, and
to red ; and, by the contact of charcoal, it becomes
blue, It gives a yellow enamel. It is precipitated
from its folutions in acids by pruffiate of potafh, by
gallic acid, and by fulphuret.of ammonia. By means

of tin and zinc it may be reduced, in the hurmd
way, mtu flakes of a dark colour,

749. This white powder has a very great ‘affinity
for oxygen ; for the oxide of titanium, in its natural
ftate, is completely faturated with oxygen : this, no

doubt,



250 PHWEICAL PRINCIPLES
doubt, is what renders it infoluble in acids; unlefs
it has loft part of its oxygen by fufion with cauftic
alkali,

750. Oxide of titanium is precipitated from its
folutions in white flakes, by carbonate of potath,
and by potafh itfelf. § %

75%. Alkaline carbonates produce an :abundant
precipitate of a dark green colour, intermixed with
broivn. -

752. Gallic acid produces a bmw.n prempnatr,
inclining to red.

753. Arfenic acid (714) and phoefpboric acid
give, from thefe {olutions, a white preéipitate.

754, The tartareous and oxalic’acids produce a
white ptec:patate, which 1s a,fteIWﬂPdﬁ rﬂdiﬂblvfd

without lfa?mg apy welideany, -1 v bas ;|

7-5;_5-, -,Ammama ppurﬂd‘m:nrq:fﬁ -Eﬂutiﬂn 1of  this
oxide by mu riatic.acid, givesit a-dirty gréen colour,
and there is formed;a bluﬂh gﬁfﬂn piftlpitﬂtq

56 Zinc put into 1]1& fame fulurmn, dlluted

la&,paﬁ"ﬂs to an md,igp.blu; this th_e diﬁv,ppaars
entirely by beat, while the -oxidelis completely pre-.
cipitat:d.
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-5, A plate of tin immerfed in a muriatic folu-
¢ion of this oxide, if put into a bottle we!ll flopped,
gives the folution a pale rofe colour, which changes

to an amethy{t-violet colour.
958. Oxide of titanium treated with borax,
forms a globule of a hyacinth colour, The fame ox~
ide, when in a native ftate, if fuled with the enamel

of porcelain, gives ita pure and uniform firaw co-
lour #,

12. Chrome.

729, Chrome is a femi-metal, lately difcovered
by Vauquelin ; refpeting the nature and propertics
of which we are as yet little acquainted.. Vauque-
lin gave it the name of Clrome, becaufe it 1s 1t
which communicates the red colour to the ruby
(516) and the green to the emerald (385). It was
found by this chemift, in the ftate of an acid, in a
{fubftance before known under the name of the Red
Lead-ore of Siberia, The mineralizing fubftance of
this red lead is therefore a real acid; the radical

of which is a peculiar metallic body, now called
Chrome.

760. This acid, named the Chromic Acd, has
properties which do not belong to any other metallic

* Jeurnal des Mines, No. xv, P- 1, and No. xix. p. 51 and 57..

acid.
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tallization. To prép_are thefe falts,” one part-of the

red lead-ore finely pounded, and two parts of alka-
" Tine carbonate, muft be boiled in forty parts of wa«
ter. 'The carbonic acid then forms with the lead
2 carbonase  of lead, which s’ precipitated ; ‘and
the chromic acid forms, with the alkali, 2 combina-
tion which remains diffolved in the water; fo that
the two acids have changed bates.

* 265. To obtain, in a ftate of perfect purity, the
{alt formed by the chromic acid and the alkali, ic
will be neeeffary not to add too much of the alka-
line carbonate, for fome of 1t might be undecom=
pofed and mixed with this falt: but if ammoniacal
carbonate be employed, you may add more than 15
requifite for faturating the chromic acid, becaufe the
excels of the ammoniacal carbonate volatilizes, and
the chromic falt remains pure.

266. Combinations of the chramic acid with
alkalies, are of a lemcn colour.  Thefe {alts are de-
compofed by barytes (416) ime (404) and ftron-
tian (429) which have more affinity for chromic
acid than alkalies have. They are decompofed alfo
by the mineral acids, but inverfely; that is to fay,
the mineral acids feize upon the alkalies, and the
chromic acid remains free. Thefe falts decompofe,

by a double affinity, the calcareous, barytic, mag-
nefian, and aluminous falts.

: #6%. The
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767 The chronic acid, may be reduced to thie
metallic {tate, by putting it into a charcoal cruci-
ble, placed within another of hard porcelain, filled
with paunded charcoal, and expofing the whole tor
a very ftrong heat for an hour in a common fur-
nace: the refult will be a greyifh brilliant me-
tallic mafs, exceedingly brittle ; having at its fur-
face a great miany feathered cryfals of the fame
colour, and perfectly metallic. By the reduion
of chromic acid into the metallic fate, it is found
that this acid contains % of oxygen ; thdt is to {ay,
that in oo parts there are 6o of chrome and 40
of oxygen.

768. The nitric acid attacks chrome with diffi-
culty ; but, by repeated operations, the latter be-
tomcs oxidated, and even acidified. ~VWhen only
oxidated, it is green ; but acidified; 1t is red. 1t com+
municates its colours to its different combinations.
Tt is afcerrained by the analyfis of the c¢merald of
Peru (535) that it derives its green colour.from the
oxide of chrome ; and, it is pmbable: that the red
colour of the I“I.lb]." (516) is owing to- 111:: chromuc

acid.*
« Tellurium:

269. Klaproth, a chemift of Berlm, hahng {ub-
jefted to chemical analyfis an aurferous ore of

* See the Journal des Mines, No. xxxiv, p. 737.
Fo% Fran-
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T ranf(ylvan ia, known ur'xde.r' the appellation’of #jite
Gold Ore, found in 1t 2 metal abfolutely different
from all the others, to which he gave the name of
Telhcesion s About the year 1782, Muller, of Reich-
enfteiiy had fufpected that this mineral ¢ontained
a peeulite metallic fubftance ; Bergman: had the
fame idea, but did not declareit in a decifive man-
ner. The'ingénious experiments of Klaprothy how= ~
“ever, confirmed the conjectures of both.

“noo! Tellurium has a white colour like that of
tiny and dpproaching near to a leaden grey. It.pof-
feffes grear metallic fplendor, and its frature ap-
péarts lameltated. It is exceedingly brittle and fri-
able. It is among the moft fufible of the metals;
and, when fuféd, if it be fuffered to cool gradually
and at reft, it readily affumes a cryftalline {urface.
When ‘expofed to the blow-pipe on a piecé of char-
coal, 1t burns with a prf:ti}r bright flame of a blue
colour, which at the edges appears greenifh., [t
volatilizes entirely in fumes of a whitith grey co-
~ lour, and emits a difagreeable odour. If you fuf-
pend the heat before it is endrely volatilized, the
remaining button retains its liquidity for a long time,
and becomes covered, on cooling, with a radiated
vegetation. T he {pecific gravity of tellurium (796)
ts fomewhat greater than that of molybdena [733).

771. Tellurium diffclves in nitric acid:  the
folurion is coloutlef’ and tranfparent.  When con-
centrated,
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the acids, By an excefs of alkali, the precipitate
which has been formed is entirely re-diffolved.

776. Very pure pruffiate of potath occafions no
precipitate in acid {olutions of tellurium.

777. The alkaline fulphurets, mixed with acid
{folugions of tellarinm, produce a precipitate of a
- brown or blackifh colour, according as the metal
" in it is combined with more or lefs oxygen. It
fometimes happens that the colour of the precipi-
tate has a perfect refemblance to that of kermes mi-
neral, or red fulphurated oxide of antimony, (703 ).

778. An infufion of gall-nuts, combined with
thefe folutions, gives birth to a flaky precipitate, of
an Ifabella colour.

779. Iron and zinc precipitate tellurium from its
acid folutions in the metallic ftate, under the form
of fmall black flakes, which refume their {plendor
by friftion, and which fufe on burning charcoal, and
- form a metallic button. -T'in and antimony produce
the fame phenomenoan.

+ 78c. Oxide of tellurium, obtained by alkalies
from its acid {olutions, or by acids from its alkaline
folutions, is reduced, in either cafe, with great ra-

pidity. When expofed tv heat on charcoal, it burns,
and is volatilized.

S ' 781. If
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781, If heated for fome time in a retort, this

oxide of tellurium fufes, and re-appears, after it has
cooled, of a ftraw colour.

782. Oxide of tellurium, when mixed with fat
bodies, may be completely reduced.

»83. It appears by the chemical analyfis of the
different kinds of gold-ore, in which tellurium is

found (769) that they contain as follows :

784. A hundred parts of the white gold-ore of
Fatzbay contain,
Tellurium metal 25°3
Gold — — 25

Iron. — — 72°

mSE e sEE

102

e ———

283, A hundred parts of the graphic gold-ore of
Offenbanya contain,

Tellurium metal 6o
Gold -~ — 30

Silver == ssisnn

e mm—

100

286, A
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486. A hundred parts of the yellow gold-ore of
Nag}'ag contain,

Tellurium mietal 43

Gold — — 27
Silver#asi s i ¥y
Lead — — 195
Sulphur one atom

100

8%. A hundred parts of the foliated grey ore
of Nagyag contain,

Tellurium metal 33

Gold — — 843
Silver and copper 1
Lead =~ —= 50
Sulphut  — 93
100

TABLES OF THE DIFFERENT PROFERTIES OF
METALLIC SURSTANCES.

788. Fixity of Metals in the Fire in the decreofing

Order :
Gold Iron
Platina Lead
Silver Tin,
Copper

$a 789. Duc-
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789. Ductility of the Metals and Semi-metals
in the decreafing Order.

Gold Bifmuth

Platina Cobale

Silver Antimony -

Tromey== Manganefe

iy | Arfenic 1

Copper Molybdena l

Lead Titanium  Sunknown.
Nickel  Chrome | .
Zinc - Telltfiom:. J
Tungften

790. Fufibiltty of the Metals and Semi-metals
i the decreafing Order.

The heat neceflary for effetting the fufion of me-
tallic fulg@a_nt&s;'which require a {trong depree, has
been meafured by Wedgewood’s pyrometer, each
degree of which 1s equal to 130 degrees of Fah-
renheit’s {cale ; therefore 130 degrees of the pyro-
meter, which mark the degree of heat neceflary to
fufe caft-iron,. correfpond to 17977 degrees above
zero of Fahrenheit’s fcale ; for the zero of the py-
rometer correlponds to 1077 degrees above zero of
Fahrenheit’s thermometer. The degrees of heat
neceflary for melting the different metals and {emi-

metals, as here indicated, are thofe then which
| would

- "
o ik - . -
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would be marked by the mercurial thermometer,
if the fcale were of {ufficient extent for that purpofe.

I have not mentioned the degrees neceflary to fufe
arfenic, titanium, chrome, and tellurium, as thefe
four have never yet been fubjected to trial; nor
have I indicated the exaét degree neceflary to fufe:
copper, becaufe it appears that there is' af® error in
the refults which have been given ; fince, according
to thefe, copper would melt at a degree of heat lefs
than that neceffary for fufing gold and filyer; but
the contrary is the cafe, as I have myfelf found by
expofing thefe three metals to the focus of Trudaine’s
burning glafs. Silver was always fufed by it {ooneft ;
then gold ; and, in the laft place, copper, which re-
quired to be longer expofed, and in {maller quan-
tity, for I brought a crown of fix francs into perfect
fufion in half a minute ; and a much longer time was
neceffary to fufe a piece of copper of fix deniers,
though confiderably {maller.

S 3 Degrees
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v92. Hardnefs of the Semi-metals in ?ﬁg decreafing

Order.
Lfiangan:fc Antimony
Nickel Arfenic
Bifmuth Molybdena
Tungften Titanium
Zigs Cliome unknown

Cobalt Tellurium.

793+ Tenacity of the Metals in the decreafing
Order.

The tenacity of lead being eftimated at one, the
following numbers.fhew how many times the tena-
city of the other metals equals that of lead :

Iron  — 26447
Copper — 14555
Platina — 13209
Silver — gro1r
Gold — %226
Tin — 1667
Lead — 1°000

794 E!g;ﬂf;f{y of the Metals in the decreafing Order.

Iron Gold
Copper ‘Tin
Platina L ead.
Silver

S 4 795+ So-
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Antimony -— €021
Tungften — 66785
Tellurium —' ' '611¢0

~ Molybdena — 60000 nearly
Arfenic = — 57633
“Titanium q

unknown
Chrome .

797- O.I‘fﬂ'm"i'fffff E.?f the Metals and SE}?EE—?}IEI{E?;
in the decreafing Order.

By omdability is not meant the quantity of oxy-
gen which metals are fufceptible of receiving, but
the facility with which they become oxidated.

The ficft five become oxidated nearly with the fame
facility.

Iron Arfenic
- Nickel - Mercury
Cobalt . Silver
Zinc ‘ Gold
Manganefe ~ Platina * |
Lead | Tungften 4
i 59 Molybdena
Cn[{per ... Titanium  Sunknown.
Bifmuth ~~ Chrome f
Antmony  Tellurium

798. In-
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L]

798. lucreafe of Weight which the Metals and Sems-
Metals acquire by Oxidation, in the decreafing Order.

Iron — o0 Lead -~ 016
Manganefe 068 Silver — o'12
Zinc — 061 Gold — o'10

Copper — o058 Mercury — o008
Cobalt — o040 Arfenic )

Chrome o040 Tungften
Antimony - 038 Molybdena |
Tin — o030 Pltasium - {HOEIOW,
Nickel — o028  Platina

Bimuth o225 Tellurium' |

799. Affinity of the Metals and Semi-Metals for
Aeids, in the decreafing Order.

Zinc Arfenic

Iron Mercury

Manganefe Silver

Cobalt Gold

Nickel Platina

Lead Tungften 1

Tin Molybdena

Copper | Titanium ,Luuknown.
Bifmuth Chrome v,
Anumony Telloriom
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800. Acidification of the Semi-metals,

Arfenic, which becomes Arlenic-acid

Molybdena — Molybdic acid
Tungften g Tungftic acid
Chrome — Chromic acid.

8o1. Adhefion of the Metals and Semi-metals to
Mercury, in the decreafing Order.

The adhefion of cobalt to mercury being efti-
mated at one, the following numbers indicate how
many times the adhefion of the other metals equals
that of cobalt,

Gold — 355% Cobalt I
Silver — 53% Nickel ,
Tin —  52% Arfenic

Lead — 49§ Manganele

Bifmuth 46% Tungften

Platina — 35% Molybdena vunknown,

Zinc — 25% Titanium
Copper — 173 Chrome
Antimony 153 Tellurium -

Iron — 14}

Nature and Formation of the Acids.

802. All the acids are compofed of a fubftance
either fimple or compound, called their Radical,
which
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facond degree of oxygenation it forms a volatile acid
of a pen:trating odour, which has peculiar proper-
ties, and is called Sulphurous Aeid: it1s foluble in
water in a very large quantity. By a third degree
of oxygenation it forms a fixed acid, ponderous, in-
odorous, and which in its combinations gives pro-
duds very different from thofe of the preceding : it
is called Sulphuric Acid. '

806. Aecid of Nitre. 'This acid was the firft in
which the exiftence of oxygen was fully proved.
It has for its radical azote (144) which is {ufceptible
of feveral degrees of oxygenation. By the firft de-
gree it becomes the bafe of nitrous gas (70) which
1s infoluble inwater: in this cale there are two parts
of oxygen for one of azote. By the fecond degree
of oxygenation it becomes nitrous acid, which is red,
fuming; of a penetrating odour, and perfecly folu-
ble in water : there are then 'three: parts of oxygen
for one of azote. By the third degree of oxyge-
nation, ‘in which there are four parts of oxygen for
one of azote, it becomes nitric acid, which is white,
foluble in water, more fixed and lefs odorous than
the preceding, and in which the principles are more
firmly combined. This acid may be obtained from
faltpetre, fubjected to the afion of fulphuric acid.

807. Avid of Marine Salt. ~This acid is procured
by pouring fulphuric acid over marine {alt ; a ftrong
effervefcence immediately takes place, and there

arife
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arife vapours of an exceedingly penetrating odour ¢
thefe vapours are the acid, which may be entirely
difengaged by expofing the niixture to a gentle heat ;
it is known by the name of the Muriatic Acid, We
are unacquainted with its bafe, becaufe it is not
pollible to procure it alone and feparated from oxy-
gen : it has been called the Muriatic Radical. This
acid pafles off in the form of gas, and naturally
maintains itfelf in that {tate, provided it does not
meet with water, in which 1t 1s perfetly foluble ; and
in that cafe 1t forms liguid muriatic acid. To col-
lect it very pure, the falt exceedingly dry muft be
put into a {mall retort along with the fulphuric acid,
and the beak of the retort muft be introduced below
a bell filled with merecury, over a pneumatic appa-
ratus. It may be obtained, on a large fcale, by
means of an apparatus compofed of feveral bottles,
each having two or three tubulures. The munatic
radical is fufceptible of {everal degrees of oxygena-
tion. By the firlt it forms muriatic oxide ; by the
{fecond,; weak muriatic acid ; by the third, muriatic
acid ; and by the fourth, oxygenated muriate.

808. The excefs of oxygen which this acid con-
tains, in the fourth degree, produces on it an effect
different from what it produces on the other aeids :
it renders it more volatile and lefs mifcible with
water; gives it a more penetrating {mell, and greatly
diminifhes and even deftroys its acidity (208).

8o09. Aad
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809. Aiid of Charcoal. This acid 15 obtained
by burning cbarcoal in pure air, by means of a mer-
curial apparatus. The carbonaceous principle, or
carbon, is fufceptible of being oxygenated to fuch a
degree as to become acid ; 1t then forms the acid in
queftion, and which for this reafon has been called
the Carbonic Acid. This acid remains in the gal
eous ftate ar every temperature (212) ; it 1s however
foluble in ‘water, but only in {mall quantity : the
coldeft water, which can diflolve more of it than
warm water, diffolves only a volume equal to its
own. This acid is often found in the ftate of gas;
it is found alfo in that of mixture, as in mineral
waters ; and 1n that of combination, as in alkalies,
marble, limeftone, &c.

81o. The Acid of Phofphorus. Phofphorus is a
fimple combuftible fubftance, extra@ed from the
bones of animals (21) which are real phofphate of
lime. It combines with oxygen by combuftion,
and forms pho/phorous acid, if not faturated. with
oxygen 5 but in the contrary cafe, that is when fatu-
!‘ﬂ.téd with oxygen, it forms Fﬁgf}r}mrfc actd,

811. The Aeid of Sparry Fluor. Sparry fluor is
a {ubftance compofed of a peculiar acid, combined
with a calcareous bafe. This acid is completely
formed in fparry fluor ; it may be eafily difengaged
from it by means of the fulphuric acid (805 ) which
takes from it its bafe: the acid, which is called

Fluaric
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Fluoric Acid, remains then free. Its radical, called
the Fluoric' Radical, is entirely unknown, becaufe
this acid has never yet been decompofed. It pof-
feﬁ"eg'the'pmperty of diﬂblﬁng glafs. Puymorin
therefore has engraved on glafs with this acid, in
the fame manner as artifts engrave on copper with
the nitric acid.

812. Acid of Borax. Borax is a {ubftance com-
pofed of a peculiar acid, combined with' a bafe.
~ This acid is completely formed in borax, and may

be difengaged from it by means of the fulphuric
acid (8o5) which takes from it its bafe: the acid
then remains free, and is what 1s called the Boracie
Acid.  Its radical, called the Beoracic Radical, is en-
tirely unknown ; becaufe it is impoffible to decom-
pofe this acid, and to obtain its radical difengaged
from the oxygen by which it s acidified.

Metallie Acids.

$13. The metals and {emi-metals are fufceptible
of combining with oxygen; but we are acquainted
with only a fmall number capable of being fo far
oxygenated as to become. acids : in regard to the
reft, the degrees of oxygenation which they are fuf-
ceptible of, make them only oxides, known before
by the name of Metaliic C«qu;. The following is

. a lift of them :—

g14. Gold
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831, Tungften == 5;’
2

852. Molybdenz - 3;
) 31 5
£33, Chrome — il?

T

arfenic acid

oxide of turi‘_gﬁqn
tangfiic acid

oxide of molybdena
Molybdic acid

green oxide of chrome
chromic acid

273

Dieprees
of Oxv-
Y EI:IH.'III.'L'II'I. ]
g£{4. Gold — — -1, oxide of gold
a15. Platina — — 1, oxide of plat:"na ;
§16. Silver = — .1, oxide of filver
{, reddifh brown oxide of copper
AT EECPE S S i-‘z, greeh and blue oxide of copper
: : ¢ 1, black oxide of iron
818, I —_— = : : o T
ity 32, reddifli brown oxide of iron
: . : 1, grey oxide of tid
819, Ti e § L k5 :
g 52, white oxide of tin
, 1, grey oxide of lead
820: Lead — = : - e
' ' 32, yellow and red oxide of lead
: : 1; ‘black oxide of miercury
821, Mercury — == !
Mercury g?, vellow and red oxide of mercury
: ¢ 1, grey oxide of bifmuth
. Bifmuth — e ;
SR 39, white oxide of bifmuth
§23. Cobalt — == 1, gfey oxide of cobalt
824. Nickel — — 1, oxide of nickel
; s 1,. grey oxide of zinc
825, &iuc gf, white oxide of zinc
s ot " ¢, grey oxide of antimony
3 i 2, white oxide of antimony
S Moneele ko 3 I, black oxide of manganefe
_ ] : & 2, white oxide of manganefe
¢ .828. Titanium == 1, oxide ot titamium
829, Tellurium == 1, oxide of {ellurfum
1, grey oxide of arfenic
830. Arfenie ~— {*E, white oxide of arfenic

?’Egﬂaﬁ&
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The nature of the: four laft radicals isias yet but
imperfeétly known we know anly that their prin-
cipal conftituent parts are carbon and hydrogen,

Aimal Aeids. | N

836. The animal acids ate thofe obtained by
oxygenating animal matters. All thefe acids (the
phofphorous and phofphoric excepted (810) the
radical of which is a fimple fubftance) feem to have
for their acidifiable bafe carbon, hydrogen, phofs
phorus, and azote. Thefe acids are as follows ;-

Radicals, Aeids,

; Phofphorous :
The phofphorie 3 Pho fiharic ; Pholphorus
Sebacic Sebacic Fat
Formic. Formic Ants
Bombic Bombic Silk-worms
Ladtie Laétic Sour whey
Saccho-ladtic Saccho:=laétic  Sugar of milk
Lithic Lithic Human calculus
Pruffie Pruffic The colouring matter of

Pruflian blue

proved to be only acetic acid, rendered imptire by empyrenma-
ticoil. Foran account of the experiments upon this fubjed,
fee Bouillon Lagrange’s Chemitlry, Englith edition, Appendix ;
and the Philofophical Magazine, vol. viii, p. 40, -

T a The
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The natuire of the four laft radicals is as yet bur
imperfetly known ;. we khow only that azote is 4
conftituent part of the pruffic radical. - |

837. Though the vegetable acids are compofed
of hydrogen, carbon, and oxygen, they contain
neither water, oil, nor earbonic acid, but only the
principles proper for forming them. The attraftive
force rec:prﬁcally exermfed by thefe thrcé fubftances
on'each other, is'in thefeacids ‘in ‘a’flate’ of ‘equili-

brium, ‘which ceafes to exift when they‘are expofed -

to a degrée 0’F he:u‘ greatet than that of boiling wa-

1 Fhé ﬂx']'ge:n and the h}rdmgen then combine
toger.htr to’form water (278 et feq.) 5 the carbon and
hydrogen combine to form o1l ; and a portion of the
carbon and oxygen, by combining, form carbonic
acid : there is found allo a {mall e;-.f:efs of carbon

which remaitis free (855).

838. Thirty-four acids therefore are known, viz.
twelve mineral amcls lBDS—H—qu) ; thirteen vegeta-

ble acids. (83,4—, 335) and nine metallic acids -

tﬂgﬁ)

-|f

' ‘ X
r“ ;_ ' il .]-L.l- -

839 ’T'hé"ﬁi:' “acids become neutralized by uniting
and r:n::-mbmmg with fome ba,{'c, either alka!me, fuch
‘33 ppta[h (841} {'oda (qulammoma (847) 3 or ear-
ibyr june (404) ‘magnelia (411) barytes (416)
alumine (421) ftrontian(429) &c.5 or metallic,~as
the different femi-metals.

g e ——— 3
o = i - &
-

s
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H Of Alkalies.

840. The alkalies are divided into fived and vo-
Jutile altalies. The former have no odour; the
latter have a pungent and penetrating odour. :

841. We are acquainted with two kinds of fixed
alkalies, viz. vegetable alkali, or pofa/k, and mineral
alkali, or foda.

842. Vegetable alkali, or potafh, may be extratted

from different {ubftances: when extraéted from the
~lixivium of wood-afhes, and afterwards calcined, it
- 1s real potalh., Potath readily combines with fat
fubftances, and renders them foluble 1n water: this
combination forms foap. Wine-lees may be reduced
almoft entirely into alkali by combuftion': " this is
what 1s called WWeed-Afhes. This alkali1s greenifh,
and is confidered as exceedingly pure.. The com-
buflien of wine.ftone alfo furnithes very pure alkalj,
but neutralized : it 1s known under the name of
Carbonate of Potafh, or Salt of Tartar. Vegctablt
alkali, when very pure, attra&ts the moifture of the
wir, and refolves idelf into a liqu id,

843. Mineral alkali, or foda, isthe bafe of the
muriate of {oda, or fea-falt. It is generally extraéted
from marine plants by combuftion. Salfwort, a plant
which grows'in Provence and in Languedoc, on the

s 3 borders
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fnnﬁiment parts of animals (836). According to
Berthollet, they contain 8o7-thoufandth” parts of
* azote, and 193-thoufandth parts of hydrogen. Some
plants alfo furnifh volatile alkali, and for that reafon
they are called Animal Plants.

848. The volatile alkali of the fhops is ebtained
by the decompofition of the muriate of ammonia ;
and on this account volatile alkali has been called
Ammonia. When combined with carbonic acid, it
forms carbonate of ammonia.

Formation of the Neutral Salts.

849. We have already thewn (354 ef /e¢.) in what
manner fome fimple fubftances (or {ubftances con-
fidered as fuch, becaufe they have never yet been de-
compofed, as azote, hydrogen, carbon, {ulphur, phofs
phorus, &c.) by combining with oxygen, form all the
oxidesandacids of thevegetableand animal kingdoms,
it has been {een by what fimple means Nature mul-
tiplies properties and forms, either by combining
three or four acidifiable bafes and in different pro=
portions, or by varying the dofe of oxygen deftined
for their acidification : we fhall find that (he ex-
hibits no- lefs fimplicity, variety, and fecundity in
the production of neutral fults.

850. The acidifiable fubftances being converted
into acids by combining with oxygen, acquire a
R BV R great
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great fendency to6 combination ; they become fuf<
ceptible of uniting with alkaline, earthy, and me-
tallic (ybftances, and the refult of this union 1is
- meutral falts, . Acids therefore may be confidered as
Salifying principles, and the fubftances to which they
unite as falifiable bafes. 1t is of Lhe{'-r: combinations
we are now gmng to treat, | 2O

851. We fhall not therefore confider the acids as
falts, thongh, like them, they are {foluble in water.
‘The acids refult from a combination of the. firit
order : they are formed by the union of two fimple
principles, or at leaft of principles whigh appear ta
be o, and caﬂﬁzqu:ntly Ihﬁj" belnng to the {rrder of
mistures, - |

.~ 852, The neutral falts belong to another order
of :combination : - they are formed by the union of
tWo mixtures, and enter into the clafs of com-
pounds.

853. Neither fhall we place the alkalies and ear-
thy fubfiances in'the clals of falts :—We fhall con-
fider as falts thofe compounds only which are formed
by the uni{ﬁﬂ_,‘gﬂfa fimple, axygenated- fubftance
with fome bafe. . This fimple oxygenated {ubftance,
when without a bale, is but an acid.

824. There are feveral bafes fufceptible of com-
_-blmng with - a.r:1d5 to form|mneutral falts. | Thefe
‘bafes, which are called Jalifiable, are the alkalies

(840
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{840 et Jeq.) viz. potath, {oda, and ammonia ; the
‘primitive earths (491 et feg.) viz. lime, magnefia,
barytes, alumine, filex, itrontian, zirconia, glu-
cina, and metallic fubftances. (573 e£ fg.) We fhall

now proceed to examine the origin and natufe of
thefe {ubftances. '

855. Pota/h. When a vegetable fubftance is ex-
pofed to heat in an alembic, its three principles,
oxygen, hydrogen, and carbon, which formed a
triple combination when in a ftate of equilibrium,
unite two and two, according to the degrece of tem-
perature. As foon as the heat exceeds that of boil-
ing water, the oxygen and hydrogen combine and
form water (278 ef /24.) ; foon after, the carbon and
hydrogen unite and form oil. By a red heat this
oil and water are decompofed : the oxygen and
carhon form carbonic acid ; the hydrogen, become
free, efcapes under the form of gas ina large quan-
tity, and nothing remains in the retort but char-
coal : the refults then are, 1ft, water; 2d, oil;
3d, carbonic acid ;' 4th, hydrogen gas; sth, char-
coal. -

856. The greater part of thefe phenomena take
place during the combuftion of vegetables in the open
air; but, in this cafe, the prefence of the air intro-
duces ‘other ingredients, viz. the oxygen of the air,
azote, and caloric. © In proportion as the hfdmgen
of the vegetable, or of the water, efcapes under the

form
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form of gas, it immediately inflames by the contadt
of the air, and re-forms water by combining with
the oxygen of that air; and the caloric of thefe
wo fluids, which becomes free, at leaflt for the
greater part, produces flame. When all the hy-
drogen gas has been burnt and reduced to water,
the charcoal which remains burns in its turn, but
without flime. By 1ts union with the oxygen of
the air, it forms carbonic acid ; and by combining
with caloric, efcapes under the gafeous form.” The
{urplus of the caloric becoming free, produces that
heat and light obferved during the combuftion of
charcoal. :

857. The vegetable is thus totally reduced into
water and carbomc acid ; nothing remains but a
fmall quaatity of a grey earthy matter, known under
the name of Afhes, and which conrain the only real
fixed principles that enter into the conftitution of
vegetables., Thefe athes, which in weight are equal
to no morethan a twentieth part of that of the ve-
gﬂable, contain a peculiar. fubftance, ‘called Fired
Vegetable ﬁfkﬂ&, or Potafh. It is not yet known
whether this potath exifts completely formed in the
reggr;ble or whether it is pmdtmed durmg the

Bi}c ratl 011,

...358?";'1"& nbta.i_n.po_taﬂ], water is-made to pafs
through the afthes: the water becomes charged with

the pmafh which 1s foluble in that fliid, and Jeaves
the
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the afhes, which are infoluble. By evaporating the
water you will then obtain the potath, which is
fixed, even at a very ftrong degree of heat, and
which remains white, and under a concrete form.
The potafh obtained by this procefs is more or lefs
{aturatedd with carbonic acid, the reafon of which is
as follows : —In forming itfelf, or even if it be al~
ready formed, as it becomes free on'y in proportion
as the carbon is converted into carbonic acid, by its
combinasion with the oxygen of the air, or of the
water, the refult is, thar the potafth at the moment of
its formation, or of its being fet at liberty, finds it-
{elf in conta@ with carbonic acid, for which it has
a great affinity ; a combination therefore muft take
place between thefe two fubftances.

859, To free the potath from this carbonic acid
it muft be diffolved in water, and twice or thrice
its weight of quicklime muft be added to the folu-
rion. If the liquor be then evaporated in clofe vef-
fels, you will obtain pure potafh. In this ftate, it is
not only foluble in water, at leaft weight for weight,
but it atrratts, with great avidity, the moifture of
the air, and of the gafes ; and this furnifhes us with
a method of drying thofe which are expofed to it,
It is foluble alfo in alcohol ; but not when 1t is fa-
turated with carbonic acid. |

860. It is probable that the afthes exifted in the
vegetable before its combuftion.  This earth, ac-
cording
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cording to every app&amnce, forms the fkeleton of
Ih: vegetablc. 1 i

E'ﬁfr Sad.sr Tl‘ﬁs- fubftance, like potath, s an
alkali' obtained by lixiviating the ‘athes of certain
plants’ which grow on 'the borders of the fea, and
chiefly .of the Kali ; from which it has been called
Alkaliy a name ‘given to it by the Arabs. Soda
has fome properties common to potafth; and others
by which it 1s’ pﬂcullar‘.lv diftinguilhed. Soda for
the moft part is faturated with ' carbonic acid ; but
it does nat, like potafhyattract the moifture c'.-f the
air 3 o the contrary; when ékpofed to ‘the air, it
becomesdry, its cryftals effiorefce; and are converted
mnto a white powder, which' differs from cryftallized
foda only in having loft its water of cryflallization.
- 862: We are as_little acquainted 'with the con-
fiituent principles of foda as with thole’ of ‘poetafh
We ave ignorant whether it exifts completely forms
ed, or not, in vegetables'before their combultion.
From ‘analogy, however, we might be induced to
believe that azote (373 e#/é7.) is one of the princi-
ples of alkalies in general, ‘as we fhall pmve in re-
g.mt to the vnlatriara&hah or anunoma hogiam &

il | a 5
J l -"-" J l ‘ B Jils \J: | Jli

863 Ammama Berthbllﬂt has pmmd b;r the
way of decompofition*, that 10co parts of Ame

" PR e 3 e
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monia in- weight, are .compofed of 80y parts of
azote, and 193 parts of hydrogen. Ammeénia is
obtained chiefly by the diftillation of animal fub-
" ftances. . The azote, which is one of their coniti-
tuent principles, unites itfelf to the bydrogen in the
proper proportion, and ammeonia is formed. . But it
is then.mixed with waterand oil, and 1s.in a great
part faturated with carbonic acid.

864. To free ammonia from all thefe fubftances,
# muft firft be combined with -an acid; fuch, for
example, as the muriatic, and afterwards be difens
gaged from it by the addition of lime, or!of: potafh.
After this .procefs (it is' exceedingly pure. ‘dIn is
fiate of " purnity "it can exift only under the gafeous
form at our common temperature. It has a very
penetrating 'odour : it is abforbed in a wery large
quantityy. by waer, efpecially if the latter be very
cold; dnd in‘that ftate it formis Zguid ammonia, ot
wolatile fluor alkali,

86s. As ;F.rg primitive earths (401) cannot be de-
compofed, we are unacquainted with their confti-
tuent parts, and therefore they are confidered as
fimple {ubftances. They are always exhibited to us
by nature completely formed; but, as they have a
great tendency to combination, they are never found
alone, being always united to fome other fubftances.

. _ | r1ol g
806. Lime (404 et feq.)is almoft always faturated
with carbonic acid; in which cafe it forms chalk,

calca-



286 PHYSTCAL PRINCIPLES

calcareous {par, marble, &c. Sometimes it is {a-
turated with {ulphuric acid, as in gypfum and plaf-
ter-ftones, or calcareous {ulphates. At other times
it is combined with fluoric acid, and forms fparry
fluor, or fluate of lime. The waters of the fea and
faline {prings contain fome of it combined, with mu-
riatic acid. In a word, of all the falifiable bafes,
lime 1s that moft abundantly difperfed throughout
nature.

867. Magnejia is found in a great many of the
mineral waters, where, for the moft part, it is come
bmed with fulphuric acid: it has been found in
fea-water combined with muriatic acid. It enters’
into the compofition of a great many kinds of {tone.

868. Barytes is much lefs abundant than the two
preceding earths : it is found combined with fuls
phuric acid, and it then forms {elphate of barytes,
known under the name of Ponderous Spar - {fomes
times, but rarely, it is combined with carbonic
acid. |

869. .A/umine has lefs tendency to combination
than the preceding; and for this reafon it is often
found uncombined with any acid. It 1s found
chiefly in the different kinds of clay (421) of which
it forms the bafe. When combined with fulphuric
acid, it forms a fulphate of alumine, known under

the name of Alum.
-3?9. Sflfflx
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~ 8hou Silex is found chiefly ‘in rock-cryltal, of

which it forms the greater part, and in this mineral

it is almoft always in « ftate of purity (425). Tt is
found alfo fometimes mixed with argil (421).

871. Strontian has feldom yvet been found but in
combination with carbonicacid. It has been found
in different parts of Scotland (429) and it is not
improbable that it will be found in other places:
it has been found indeed lately at Montmartrs -
combined with fulphuric acid, and in the neigh-
bourhood of Briftol.

872. Zirconia 1s an earth which hitherto has been
found only in the jargon of Ceylon; of which it is
one of the principal conftituent parts, and even the
molt abundant {(442).

873. Glucina is a primitive fimple earth, which
as yet has been found only in the occidental argue- .
marine (448). It unites readily with acids.

894. Metallic Subffances are all {ufceptible of
combining with at leaft fome of the acids. The me-
tals, if wé except cold, platina, and (ometimes fil-
ver, rarely prefent themlfelves in the mineral king-
dom under the mertallic form : in general they are
more or lefs farurated with oxygen, or combined
with fulphur, arfenic, fulphuric acid, muriatic acid,
carbonic acid, phofphoric acid, &c. Merallurgy

and
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and affaying teach us the art of feparating all thefe
fubftances. It is probable that we are not yer ac-
‘qudinted with all the metallic fubftances which cxift
in nature ; for new ones are from time to time dif-
covered ; fuch as titanium (740) chrome (759) tel-
lurium  (769) which have not been long known.
Such of thefe metallic fubftances as have more
affinity’ for oxygen than for carbon, cannot be re-
duced to the metallic ftate: they never prefent
themfelves but in the form of oxides, which are
oftenconfounded with earths. It may be poffible
that barytes (416) CDﬂﬁdEﬁnﬂ' its great weight, may
be 1 in [h]a ftate. fa -

8. As yet, we are dcquainted with only twenty
{fubftances, which can be obtained under the metal-
lic form, viz. feven metals and thirteen femi-metals.
The metals are gold, filver, platina, copper, iron,
tin, and lead. The femi-metals are mercury, bif=
muth, cobale, nickel, zine, antimony, arfenic, mans
ganefe, tungften, molybdena, titanium, chrome,
and tellurium.

876 Such are the falifiable bafes or fubftances
fufceptible of combining with acids: they are in
number thirty-one, viz. three alkalies (855, 864)
eight earths (865, 873) and twenty metallic fub-
ftances (873) : but the alkalies and earths enter
into the compofition of neutral falts without any
umtmg medium whereas the metals do not com-

bine

by
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bine with acids unlefs they have been firft more or
lefs oxygenated: we may thetefore fay, that the
metals are not {oluble in acids, but only the metallic

oxides;

877 When a metallic fubftance, theri; is put
into an acid, the firft requifite, in order that it
may diffolve, is, that it be fufceptible of becoming
oxidated in it: For this purpofe, it muft take up
oxygen either from the acid, or from the water with
which the acid is diluted: the oxygen then muft
have more affinity for the meral than it has either
for the hydrogen ot for the bafe of the acid ; and,
confequently, a decompofition either of the water
or of the acid muft take place:

878. On thefe obfervations the explanation of the
principal pheiomena of metallic folutions depends.
Of thefe phenomena there are four: The firft . is
effervefcence, or the difengagement of gas, which
{ometimes takes place during the folution: the
fecond 'is the non-effervelcence when the metals
have been previoufly oxidated : the third is, thac
no metal ‘difiolves with effervefcence in oxygenated
muriatic acid ¢ the fourth is, that the metals which
have little affinity for oxygen are not foluble in
acids.

879. Firft Plenomenon. In metallic folutions;
b effervefcence often takes place; or; what is the
U _ {ame
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fame thing, a difengagement of gas. This gas, in
{olution by nitric acid, is nitrous gas (191 et feg.):
in folutions by fulphuric acid, it is {ulphurous
acid gas, if 1t be this acid that has furnithed the
oxygen (242); but it is hydrogen gas if the oxygen
has been furnithed by the water (284), Nitric
acid and water being compofed of {ubltances which,
taken [eparately, cannot exift but in the ftate of gas;
as foon as they are deprived of their oxygen, the
cther principle affumes the gafeous form, It is
this rapid paffage from the liquid to the gafeous
ftate that conftitutes effervefcence : the cafe is the
{ame with the fulphuric acid. In general, the me-
tals do not take from thefe acids all their oxygen ;
they do not reduce the one to azote and the other
to fulphur, but to nitrous oxide and fulphurous
acid, which cannot'exift but in the ftate of gas,

. 880. Second Phensmenon. Metallic {ubftances
diffolve without effervefcence when they have been
previoufly oxidated ; for, in that cafe, the metal no
longer has a tendency to decompofe either she acid
or the water, - There is therefore no difengagement
of gas, and cenfequently no effervefcence.

- 881:. Third Phenomengn. No metal diffolves
with éffervefcence  in oxygenated muriatic acid..
In this cafe, the metal takes from the acid its excefs
of oxygen, and the refult is a metallic oxide, and
fimple muriatic acid. There is no efferve{cence,

& 3 becaule
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becaufe there is no di{'engagemﬂnt of gas. The
muriatic aeid has a tif:m']-f:nl::}r to the galeous ftate,
but it finds more water than is neceffary to diffolve
it: after being firft combined with water, it after-
wards combines quietly with the metallic oxide;
which it diffolves:

883. Fourth Phenomenont. Metals which have
very little affinity for oxygen, and which have not
power to decompofe either the acid or the water,
are infoluble in acids, unlefs they have been firft
oxidated. For this reafon, filver, mercury, and
lead, are not foluble in murfatie acid when expofed
to it in their metallic ftate : but, if previouily oxi-
dated, they are exceedingly foluble, and the fo-
lution takes place without effervelecnce.

883. Oxygen then is the tniting mediim be-
tween metals and the acids; and hence there is rea-
fon to believe that fubftances which have a great
affinity for acids contain oxygen. [t is therefore
probable that the falineé earths before mentioned
(866 et feq.) contain oxygen. Muay they fot be ox=-
: idared mietals, for which oxygen has more affinity
than it has for charcoal, and which, on that acs
count, may be irreducible ?

884. We fhall here prefent the reader with a ta-
ble of all the acids hitherto known, and of thé acidi-
fiable bafes, or radicals, which enter into their coms

_pofition,
Us 885. Mineral -
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888. _Amimal Acids. | Radicals.

Phofphorous - ]. Phofphorus
Phofphoric =~ — -—

. e
Fnrmlf: — { Thefe acids, and all thofe ob«
Bm""h_“: o iy tained by oxygenating  animal
SEE’*’:‘:W G = matters, feem Lo have for acidi-
Ladtic = — r 9 (fiable bafe, carbon, hydrogen,
: ; 3 yerogen,
%ﬂﬂfm'h&“ P phofphorus, and ' azote, which
?u:;; P—— gives them a quadruple radical,
Prutfic ° — - :

889. It is here {een that the number of the acids
is thirty-four, including the four metallic acids
(886). The number of the faiifiable bafes (854,
876) being thirty-one, it may readily be conceived
that there are a great number of different neutral
{alts, V5

]

890. A Table of the Combinations of the Sulphurous
and Sulphuric Acids with the Salifiable Bafes,
in the zfﬁ::‘rmﬁng Order.

]

Barytes Oxide of zine Oxide of bifmuth
Potath Oxide of iron Oxide of antimony
Soda - Oxide of manganefe Oxide of tellurium

' Lime Oxide aof cobalt Oxide of arfenic
Magnefia - Oxide of nickel @xide of mercury
Ammonia  Oxide of lead Oxide of filver
Alumine Oxide of tin Oxide of gold
Strontian Oxide of copper Oxide of platina
Glucing,

U 3 Al

-y



104 PHYSICAL PRINCIPLES

All the falts formed by thefe acids, are called
Sulphites, or Sulphates.

891. The fulphurous acid is an acid of fulphur,
but not {aturated with oxygen; or it is fulphuric
acid which has loft part of its oxygen. It is ob-
tained then, (ft, by diftilling fulphuric acid from
off filver, anymony, lead, mercury, or charcoal.
A portion of the oxygen of the acid unites irfelf to
the metal, and the acid paffes off in the ftate of ful-
phurous acid gas (241 e /ag.). This acid is ab-
forbed by water in a greater quantity than carbonic
acid gas (217) 'I:mt in’ lcfa quantlty than muriatic
acid gas [zﬂc] '

892. As {ulphurons acid has only a {mall portion
of oxygen, it cannot furnifh any of it to merals; 1t
is therefore incapable of diffolving them, unlefs
they bave been firlt oxidated. But the metallic
oxides dlﬁ'ﬂltrﬁ in it with facility, and even without
effervefcence, fur lhEI‘E 1s no d:fengagement of gas.

893. The Jfulphuric acid is an acid of fulphur
fatorated with oxygen. It is obtained, by the
combuftion of fulphur. To facilitate this com-
buftion of fulphur and its oxygenation, “a little
pounded faltpetre ought to be mixed with it : the
{altpetre blr;:i_n'g decompofed gives up to the fulphur
a portion of its oxygen, which facilitates its conver=

fion into an acid. -
: 894. In
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894. In operations of this kind, on an extenfive
fcale, the mixture of {ulphur and faltpetre is burnt
in large chambers, the fides of which are cafed with
plates of lead, and a little water s placed on the floor
to collect the fulphuric vapours.  The water is afters
wards put into large retorts, and diftilled by a mo-
derate heat: a water flightly acid pafles over, and
concentrated {ulphuric acid remains in the retort,
This acid 1s trap{parent and inodorous, and its {pe-
cific gravity is almoft double thag of water. |

895. Iron and zinc become oxidated in {ulphuric
acid by decompofing the water, and by thefe means
are rendered foluble in the acid, though it be nei-
ther concentrated norin a ftate of ebullition, becaufe
thefe two metals have a great aflinity for oxygen,

89%. Berthollet found by one experiment that
fixty-nine parts of fulphur abforbed, in burning,
thirty-one parts of oxygen, which formed a hundred
parts of fulphuric acid. ‘In another experiment
feventy-two parts of fulphur abforbed twenty-eight
parts of oxygen, and formed a hundred parts of dry
fulphuric acid,

Va4 897. 4
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8 97 A TaHf qf :ﬁa Combinations of the Mfmnmmi
- Nitric Aeids with the Salifiahle Bafes, in the

Order of their Affinity for thefe Acids.

Barytes - Oxide of zinc Oxide of bifmuth
Potafh Oxide of iron - Oxide of antimony
Soda Oxide of manganefe  "Oxide of tellurium
LIS o1 R D - Oxide of cabalt : Oxide of arfenic
Magnefia _Oxide of nickel Oxide of mercury -
Ammonia Oxide of lead Oxide of filver
Alumine ~ Oxideoftin - - Oxide of gold
Strontian Oxide of copper Oxide of plahna

" The falts fnrmf:d by thefe acids are called Nirizes
or Niirates.

898. The. nitrous and nitric acids are obtained
from nitre, or faltpetre, the bafe of which is potafh.
Saltpetre 1s extracted by lixiviation from the rubbilh
of old buildings, and the earth of cellars, ftables,
barns, &c.: In thele earths the nitric acid is often
united to lime, magnefia, fometimes to potafh, and
varely to alumine. All thefe falts, except that which
has potafh for its bafe, and which is nitre, or falt+
petre, attract motfture, and dare difficule to be pre-
{ferved. On thisaccount chemifts endeavour to bring
all thefe nitric falts to the ftate of faltpetre.

899. To extralt I_:he_nit'mus acid from this falt,
put three parts of very pure faltpetre, and one part
of congentrated fulphuric agid into a tubulated re-

tort ;
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tort; adapt to the retort a balloon with two necks,
and having connected the whole with Woulf’s ap-
paratus (fig. 44) lure well the joinings, and proceed
to diftillation by a graduated heat. The nitrous
acid will pafs over in the form of red vapours, part
of which will be condenfed in the balloon into a
liquor: of a dark reddifh yellow colour, and 'the fur-
plus will combine with the water in the bottles, L; L,
&c.; at the fame time a great deal of oxygen gas
will be difengaged, becaufe, ata pretty high tems.
perature, oxygen has more affinity for caloric than
for the nitrous oxide. The nitric acid therefore,
by lofing a part of its oxygen, is converted into
nitrous acid. If the excefs of nitrous gas be expelled
by a gentle heat, it may be brought back to the
ftate of mitric acid; but in that cafe the acid is

much diluted with water, and there is a great deal
of lofs.

goo. To obtain nitric acid much more concen-
trated, and with lefs lofs, make a mixture of falt-
petre and very dry clay, and expofe it to a. ftrong
heat in an earthen retort. The argil will combine
with the potath, for which it has a great affinity ;
and nitric acid, containing only a little nitrous gas,
wwill pafs over. The acid may be freed from the
gas by gently heating it in a retort; a little nitrous

acid will then pafs into the receiver, and thc nitric
acid wﬂl remain in the retort.

001. As
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gor. As azote is the nitric radical (885) if to zo}
parts in weight of azote you add 43 parts of oxy-
gen, this proportion will conftitute nitrous oxide or
gos; and if to this combination you add 36 parts
more of oxygen, you will ebtain nitric acid. The
various degrees, between thefe two proportions, give
different kinds of nitrous acid more or lefs charged
with oxygen. '

9o2. Table of the Combinatisns of the Muriatic and
Oxygenated Muriatic Acids with the Salifiable Bafes,
in the Order of thewr Affinity for thefe Acids.

Barytes Oxide of zinc Ozxide of bifmuth
Potafh | Oxide of iron Oxide of antimony
Soda Oxide of manganefe Oxide of tellurium
Lime Oxide of cobalt Oxide of arfenic
Magnefia Oxide of nickel Oxide of mercury
Ammonia Oxide of lead Oxide of filver
Alumine Oxide of tin _ Oxide of gold
Strontian Oxide of copper Oxide of platina

The order of affinisy is the fame in raga}d to the
oxygenated muriatic acid, except that we muft omit
the ammonia, and add zirconia and the oxide of
chrome. bt |

The falts formed by thefe bafes, combined with
the muriatic acid, are called Muriates ; and if thefe
bafes are combined with oxygenated muriatic acid,
the falts are called Oxygenated Muriates. Al the
Jatter kind were difcovered by Berthollet in 1786.

go3. The
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gos. The muriatic acid is diffufed in great abund-
ance throughout the mineral kingdom, and is united
chiefly with {oda, lime, and magnefia; It 1s found
with thefe three bafes in fea-water, and in that of
{everal lakes. In mines of rock-falt it is for the moft
part united with foda. We are entirely unacquainted
with the radical of this acid.

9o4. The muriatic acid does not adhere very
ftrongly to its bafes—the fulphuric acid 1s capable of
feparating it from them; and it is by means of this
acid that chemifts obtain the former. For this pur-
pofe put one part of concentrated {ulphuric acid,
and two parts of marine falt, into a tubulated retort,
and adapt it to Woulf’s apparatus ( fig. 44) then
pour {ulphuric acid into the retort through the tu-
bulure ; the muriatic acid will pafs over in the ftate
of gas, and unite idelf in a large proportion with
the water in the bortles, L, L, &c. The water thus
faturated 1s muriatic acid. '

9o5. This acid does not contain as much oxygen
as it is capable of receiving, for it is {ufceptible of
affuming a new dofe if it be diftilled from off me-
tallic oxides, fuch as thofe of manganefe, lead, and
mercury : it is then oxygenated muriatic acid: it
then affumes the gafeous form, and is foluble in
water, but in much lefs ‘quantity tham before it was
oxygenated, If the water be impregnated beyond a |
certain degree, the acid precipitates itfelf to the
bottom of the veflel under a concrete form.

gob. Oxygenated
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996, Oxygenated muriatic acid may be combined
with a great number of the falifiable bafes : the falts:
which it forms are fufceptible of detonating with
carbon, and with feveral metallic fubfances. Thefe
detonations are exceedingly dangerous, becauf: the
oxygen enters into the muriate with a large quanticy
of caloric, which by its expanfion gives rife to' thefe'
vielent explofions.

" g10. The nitro-muriatic acid is a mixtore of the
nitric and muriatic acids, which forms a peculiar
folvent of gold and platina, formerly called Aquaregia.
Some confider it as an acid with two bales; that is
to fay, thofe of the two acids of which it is formed.:
Others are of opinion that the muridtic acid feizes
on a confiderable part of the oxygen of the nitric
acid, and becomes oxygenated muriatic acid, which
alfo diffolves gold. ILavoifier and Berthollet how-:
ever think that if this were really the cafe, nitrous’
gas would be difengaged from the nitro-muriatic.
actd when expofed to heat ; and yet the}r obtained
none that could be obferved. Is it not pﬂfﬁble that,
in the mixture of thefe two acids, the nitric acid may’
be fo deprived of its oxygen, that its radical azote
is ‘no longer fufceptible of affuming the gafeous’
formt ? 1n this cafe no fitrous gas would efcape,
and the mixture wnuld really hecumc axygenated
muriatic acid. & ' | |
. 2 : o) :
911 The nitro-muriatic acid has a penetrating’
difagreeablc ndnm' ar:d when' re(-'ptred 15 as deftruc-
. 29 (x0) .00Q fve
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tive to ahimal life as any of the reft. It diffolves in
water in a pretty large quantity. The order of its
affinity for the falifiable bafes 1s not exactly known,
unlefs it be teally the fame fubftahce as the oxyge-
nated muriatic acid. In the cafe of its being con-
fidered, as an- acid with two Bafe&, it ‘18 not known
whether with ‘earths and alkalies 1t forms a mizt
falt, or whether the two acids feparate to.form wwo
diftin& falts,

~ In its cnmbmatmﬂs, 1f it forms pecuhar fa]tﬂ,
Ihey are called Nitro-Muriates..
912 Trr&fe of the Camf:irmﬁmzs 'qf the Carbonic
.dmi' with the Salifiable Bafes, in the Onffr
> p their Affinity for that Aeid. '

- quytﬁs il e - Oxide of nickel .
o1 v lime:. Oxide of lead
: Bﬁtaﬂ'n ~Oxide of tin |
' Sada . ‘Oxide of copper ..
Magnefia g Oxide of bifmuth . -
-Ammonia - . Oxide of antimeny -
Alumine an brDiide oftellunum
Strontian . Oxide of arfemq
Zirconia Oxide of mercury
Oxide of zinc ~ Oxide of filver I
Oxide of iron- Oxide of gold

~ Oxide of manganefe  Oxide of platina
~ Oxide of cobalt

All
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All the falts formed by the carhomic dcid afe
called Carbonates.

913. The carbonic acid is one of thofe mof¥
abundantly diﬂ”ufcd‘thmughnu: Nature : it exi{t4
completely formed in chalk, matble, and calcareous
ftones, in which it is neutralized chiefly by lime.
To difengage it from thefe fubftanees, nething is
neceflary but to pour over them fulphari¢ or any
other acid, provided it has more affinity for lime
than the carbonic dcid, which 18 then difengaged
with effervefcence in the form of gas. It unites
with water only in about equal volumes, and the
tefult is a very weak acid. Carbonic acid may be
abtained alfo fram {accharine matter in fermentation ;
but in that cafe it holds in folution a little aleohol.

g14. As catbor is the radical of this acid, it may
be formed by burning clhiarcoal in oxygen gas, or by
combining pounded charcoal with a metallic oxide :
- the okygen of the oxide combines with the eharcoal,
and forms carbonic acid; and the metal becoming
free, refumes its metallic appearance:; For the firft
knowledge of this dcid we are indebted to Dr.
Black.

§ig. A
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g1z, A Tuble of the Combinations of the Fluoric
Avid with the Salifiable Bafes, in the Order
of their Affinily for that Acid.

Lime Oxide of iron QOxide of bifmuth

Barvtes Oxide of lead Oxide of mercury
Magnefia Oxide of tin Oxide of filver
Potath : Oxide of cobalt Oxide of gold
Soda Oxide of copper ~ Oxide of platina
Ammonia Oxide of nickel Silex

Oxide of zinc Oxide of tellurium  and in ‘he dry tway
Oxide of manganefe Oxide of arfenic Alumine

All thefe fales, furmed by the fluoric acid, and

which were tinknown to the old chemifts, are called
Fluates. '

g16. The fuoric getd exifts completely formed
in fluate of lime, known under the name of Sparry
Fluor. It is combined in it with calcareous earth,
the bale of that fpar, and forms with it an infoluble
falt. To obtain this acid aloue, and feparated from
its bafe, put {parry fluor into a leaden retort, * and
pour over 1t {ulphuric acid: adapt to the receiver
a leaden retort, half filled with water, and expofe
the apparatus to a gentle heat. The fulphuric acid
feizes on the bafe of the {par, and forms with it a
fulphate of lime; and the fluoric acid pafles over,
and is abforbed by the water in the receiver: if the
fluoric acid be received in a mercurial apparatus, it
will pals over in_the ftate of gas.

* Lead is employed, becaufe this acid diffolves glafs and

filiceous earth. Trans.

917. For
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by the Dutch. We are very imperfectly acquainted
with the origin of this falt, as well as_with the me-
thod of extra@ing and ‘purifying it.  Chemical
analyfis has fhewn that borax is a neutral’ falt with
an excefs of bafe," and that this bafe is foda. ~The
acid 1s_fometimes found in a free ftate in the water
of certain lakes: that of the lake Cherchmm in Ttaly
CQRtains 94# grains in a pmt. | '

920. To f:xtraé’t boracic acid from borax, the
latrer muft be d;ﬁ'ulved in boiling water ; the liquor
is then to be filtered while very warm, and fulphuric
acid poured into it : this acid feizes on the foda, and
- the boracic acid being feparated, becomes free. By
cooling, 1t may be obtained under a cryftalline form.

g21. It is now well known that boracic acid
i always the fame in whatever manner it may
be difengaged, provided it has been purified by
walhing, and by making it once or twice cryftallize.
It is foluble in water and alcohol: to the flame of
the latter it communicates a green colour. It com-
bines with the {alifiable {fubftances, both in the wet
and in the dry way : in the latter cafe its afhnity for
alumine, inftead of being the leaft of all, is greater
than that which i1t has for ammonia, The radical
of this acid is totally unknown: it has never yet
been poﬁibl-.: to {eparate from it the oxygen.

X 922. Table



3q5 PHYSICAL PRINCIPLES

922, Table of Combinations of the Arfenic Aeidy
with the Salifiable Bafes, in. the Order of
" their Affinity for that, Aeid.,

Lime | Oxide of iron Oxide of tellurium
Baryles Oxide of lead Orxide of mercury -
Magnefia Oxide of tin Oxide of antimony
Potafh Ozxide of cobalt Oxide of filver
Soda . Oxide of copper . QOxide of gold
Ammonia * Oxide of nickel ~ Oxide of platina

Oxide of zinc ~ Oxide of biﬁm;th “Alumine
Oxide of manganefe

All the falts formed by thefe combinations of the -
arfenic acid, are called Arfeniates, ks

923. Macquer, in a memoir: publithed -among
thofe of the academy of (ciences for the year 1759,
fhewed, that by expofing to a ftrong heat a mixtuire
of white oxide of arfenic and nitre, he obtained a
neutral falt, which he called Neatral Arfenical Sals.
Chemilts were not then able to'comprehend how a
metallic fubftance could act the part of anacid ; but
we have been ‘taught by more modern experiments
that, ,in“fuch cafes, the aifenic becomes oxygenated
by taking oxygen from the nitricacid, and that by
thefe means it becomes a real acid (714).

924. The procefs for obtaining arfenic acid, and
difengaging it from every combination, is now well
| | known.
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known. 'The fimpleft method is to diffolve white
oxide of arfenic in three times its weight of muriatic
acid; to add to the {olution, while flill in a ftate of
ebullition, a quantity of nitric acid, equal to double
the weight of the arfenic oxide, and then to evapo-
rate the mixture to drynefs. The ‘oxygen of the
nitric acid unites with and acidifies the oxide of
arfenic ; the nitric radical paffes off in gas, and the
muriatic acid is converted into gas alfo. To get
rid of all the foreign acid that may remain, the con-
crete arfenic acid muft be calcined ull it begins to
become red ; and what is left in the crigible will
be pure arfenic acid,

923. The procefs of Scheele, repeated at Dijon
by Morveau, confifts in diftilling the muriatic acid
from off manganefe, and receiving the oxygenated
muriatic gas thence formed, in a receiver containing
white oxide of arfenic covered with 4 little diftilled
water. 'The white oxide takes from the muriatic
acid its fuperabundant oxygen, and by thefe means
is converted into ‘arfenic acid, while the oxygenated
muriate becomes common muriatic acid. Thefe
two acids muft then be {eparated by diftilling them
in a gentle heat, which ought to be increafed to-
wards the end of the operation. The muriatic acid
pafles over, and the arfenic acid remains white and
under a concrete form. By this procefs the arfenic
acid is often mixed with a little white oxide of ar-
{enic, which has not been fufficiently oxygenated ;

X2 but
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g28. The fung fic aeid is extralted from a metal
called Tungften (727) the ore of which has often
been confounded with that of tin. . The cryftalliza-
tion of this ore has fome refemblance to that of the
garnet (521); its [pecific grm’it}r is fix times that of
water, and its colour varies from a pearly white to -
reddifh, and to yellow. The fpecific gravity of its
regulus is greater than that of the ore ; for it 1s nearly

equal to feven times that of water (796). Tungften-
~ ore'is found in feveral parts of Saxony and Bohemia.
Wolfram alfo is an ore of tungften, and is frequently
found in the tin mines of Cornwall #. Tungften
in both thefe ores is in the ftate of an oxide : it even
appears that in thofe of Saxony and Bohemia it is
more than oxidated : it performs in them the part
of an acid, and 1s united with lime.

929. To obtain tungfltic acid in a free ftate, mix
one part of tungften-ore with four parts of the car-
bonate of potafh, and fufe the mixture in a crucible
of platina. - When the matter has cooled, reduce it
to powder, and pour over it twelve p:;.'rts of boiling
water ; then add nutric acid, which will unite with
the potath, and difengage the tungftic acid. This
acid will be immediately precipitated under a con-
crete form. . More nitric acid may be added, which
muft be evaporated to drynefs; and you may con-
tinue in this manner till no more red vapours are

* Itis of a brownifh black colour. Traws.

X3 difengaged.
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difengaged. - You may then reft affured that the
tungftic acid is completely oxygenated.

930. Table of the Combinations of the Molybdic
Acid with the Salifiable Bafes.

The molybdic acid is one of thofe, for the difco-
very of which we are indebted to Schecle. The
arder of its affinities for the different falifiable bafes
is not known: we know only that it can combine
with four earths, three alkalics, and ﬁfteen metallic
oxides, which are,

Lime - Oxide of filver Oxide of bifmuth
Magnefia Oxide nf'p'fatina Oxide of cobalt
Barvtes o Oxide of copper ~ Oxide of nickel
Alumine Oxide of iron Oxide of zinc -
Potath Oxide of tin . Oxide of antimony
Soda © Oxide of lead Oxide of arfenic
Ammonia ~ Ouide of mercury  Oxide of manganef

Oxide nf gnld

higgE Malybdlc amd is molybdena ﬂxygenated
(7333 for this femi-metal is {ufceptible of oxygena~
rion ‘to {uch a degree, as to become a concrete acid.
."Fo obtain it-in this form, put into a retost one part.
of the ore of ‘molybdena, as prefented by Nature,
which is a real fulphuret of molybdena, and add to
it five or fix parts of nitric acid, diluted with a fourth
of water, and proceed to diftillation.. The exygen
of the nitric acid then uniting itfelf to the molyb-.

dena and thr. {fulphur, will transform the firft into
“iis ¢ oxide

b...- =
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oxide of molybdena, and the latter 1nito ﬁllphuricl
acid. More nitric acid muft be added in the fame
proportion four or five times. - When no more red
vapours appear, the molybdena is oxygenated and
acidified, and will be found at the ‘bottom of the
retort in a pulveruient form, and white Iike chalk.

As this acid is very litcle foluble, it may; without
great danger of much lofs, be walhed in warm
water, in order to free it from the fulphuric acid
“which may have remained adhering to it. By this

procefs you will obtain molybdic acid exceedingly
pure;

. The falts formed by maiyhdic acid, with the
different bafes, ave called Molybdates.

932. Tuble of the Combinations of the Chromic
«Aerd with the Salifiable Bajes, in the Order
af their Affinity for that Acid.

Barytes Potath
Lime . +Soda’
Sttﬂntidn Ammonia

The order of the affinity of the metallic oxides
for chromie acid 1s unknown:

The falts formed by the chromic acid, witli the
different bafes, are called Chromates.

I 953. The
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fcquainted with none of thefe falts, except the fol-
lowing, ViZz. acetite of potafh, acetite of {oda, ace-
tite of ammonia, acetite of lead, and acetite of cop-
per. For the difcovery of that of arfenic, we are
indebted to Cadet #.  The properties of the other
acetites were made known chiefly by Wenzel, the

academicians of Dijon, and by Laflone and Prouft.

935. The acefous radical is carbon and hydro-
zen: the addition of oxygen will form acetous acid.
The fame principles form the rartareous, oxalic,
<itric, malic, &c. acids; but the proportions of the
above principles are different in thefe bodies ; and
it appears that the acefous acid 1s the moft oxygen-
ated of all : 1t 1s very probable that it contains alfo
a little azore. :

936. To produce acetous acid or vinegar, wine
15 e:-:po['td to a gentle heat with a fermenting, fub-
ftance, which is the dregs of vinegar. The fpiritu-
ous part of the wine combines -with the oxygen.of
the air: and: gn this account, the cafk employed
for the procels Gught never to be more than half
full. This acid is exceedingly volatile: it is di-
luted with a great deal- of water, and mixed with
foreign fubflances. To obtain 1t very pure, it muft
be diftilled ‘at a gentle heat in veflels of earthen-
ware; or it ought rather to be expofed to cold of

about twelve or fourteen degrees below frcf:mng.

¥

* See Memoires des Savans Etrangers, vol, iii.

The



314 PHYSICAL PRINCIPLES

The aqueous part will freeze, and the acid remain
].i.gl]idi

937. To obtain acetic zcid, take acetite of pot-
ath, or of copper, and pour over it a third of its
weight of concentrated fulphuric acidy then diftil
the mixture, and the refult will be highly concen- °
trated vinegar, which is acetic acid, or radical
TINEZATs

038. The combination of acetous acid with the -
falifiable bafes, is cafily effefted; but the greater
part of the falts which thence refult, are not cryf-
tallizable. This eftablifles a difference between them
and the falts formed by the tartareous and oxalic

acids; which, in general, are very little foluble.

939 Table of the Combinations of the Malic Acid
with the Salifiable Bafes.

With the order of the affinities of this acid fof
the falifiable bafes, we are not acquainted; we
know only that it can combine with four earths,
~ three alkalies, and fifteen metallic oxides, which are;

Lime Oxide of filver Oxide of bifmuth
Magnefia ©Oxide of platina Oxide of cobalt
Barytes Oxide of copper Oxide of nickel
Alumine QOxide of iron Oxide of zinc

Potafh Oxide of tin Oxide of antimony
Soda Oxide of lead Oxide of arfenic
Ammonia Oxide of mercury © Oxide of manganefe.
Oxide of gold

The
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The falts formed by the malic acid, are called
Malates.
g40. The malic acid exifts completely formed in
the juice of apples, ripe or unripe; and even in that
of feveral other fruits. To obtain it alone, the
juice of dpples muft be faturated with potath, or
foda, and acetite of lead or fal faturni, diffolved in
water, muft, be poured over the faturated liquor.
In this cafe an exchange of bafes takes place: the
acetous acid combines with the potath; or the foda,
and the malic acid, combining with the lead, is pre-
cipitated. This preécipitated- falt, which is almoft
infoluble, being then walhed,. diluted fulphuric acid
muft be poured over it : the latter expels the malic
acid, and feizing on the lead, forms with it a {ul-
phate. very little {olulle, which may be feparated by
ﬁltratlfqn.-. The malic acid then remaiws free and.
ina liquid ftate.

.941: In ‘fngnj;_ fruits the malic acid is found
mixed with the citric and rartareous acids, : It is
hearly in a mean flate between the acetous and the
oxalic acid : it is lels oxygenated than the acetous,
but more (o than the oxalic. It differs alfo from
the acetous acid by the nature of its radical, which.
contains a little more carbon, and lefs hydrogen
than that of the acetous acid.

g " gha. Talle
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942 Table of the C’amé.:'nm‘i;:m of the Oxalic Acid,
with the Salifiable Bafes, in the Order of their

% gm0 Affinity for that Acid.
Lime Oxide of iron Oxide of antimony
Barytes Oxide of manganefe Oxide of tellurium
Magnefia Oxide of cobalt Oxide of arfenic
- Potafh - Oxide of nickel Oxide of mercury
. Soda * » Oxide of lead. - Oxide of filver
_Ammenia. . Oxide of copper Oxide of gold

Alumine . Oxide of bifmuth Oxide of platina.
.'{}xidc of zinc ; o

- The falts formed by the oxalic acid, are called
Ozalates. ' Bisteit

943. The oxalic acid exifts completely formed
in the juice of forrel : it is extratted from that plant,
by expreffing the juice, in which cryftals of the acid
are formed by long reft. In this ftate, the oxalic
acid s in part faturated by potath, o that it is a
rentral falt, with a great excefs of acid.

To obtain the oxalic acid very pure, an artifi-
cial procefs muft be employed : it may be accom-
phifhed by oxygenating fugar, which appears to be
the real oxalic radical. For this purpofe, pour from
fix to eight parts nitric acid over one part of {fugar,
~ and expofe it to a gentle heat ; a flight effervefcence

will take place, and a great deal of nitrous gas will
" . be
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be difengaged. By means of reft, cryftals, which
are very pure oxalic acid, will then be formed in
the liquor. Thefe cryftals muft be dried on blot-
ting paper to feparate from them any remains of the
nitric acid, or it will be better to diffolve them in
diftilled water, and to caufe them to cryftallize a
{fecond time. |

945. The fugar can allo furnith other acids:
the liquor which produced cryftals of oxalic acid,
contains alfo malic acid, fomewhat more oxygenated
than the oxalic acid : by oxygenating the fugar fti}l
more, it ‘will be converted into acetous acid. Scheele
firlt difcovered that the oxalic acid contains potath
completely formed ; and he fhewed the identity -of

this acid with that formed by the oxygenation of
{ugar.

946, Table of ihe Combinations of the Citric doid
with the Salifiable Bafes, in the Order of
therr Affimty for that Acid. .

Barytes Oxide of iron Oxide of mercury
Lime  Oxideof lead  Oxide of antimony
Magnefia Oxide of cobalt  Oxide of filver
Potafh .+ Oxide of copper  Oxide of gold
Soda. Oxide of tellurium  Oxide of platina
Ammania Oxide of arfenic ~ Alumine,

Oxide of manganefe

Thele
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.~ Thefe falts formed by the citric acid with the
fallﬁable bales, are called Cm'am. ' i

94;: The citric acid 1s extratted b}r cxpreﬂir_m
from lemons ; in the juice of which it exifts com-
pletely Eﬂrmed To obtain it pure.and concentrated,
~ it muft be fuffered to depofit its mucous part by
long reft, 1n a cool place ; and it muft then be con-
centrated . by expofure-to cold of nine qr ten de-
grees. - The water freezes, and the acid remains li-
quid, Too. great a degree of cold would be pre-
dud:u:lal becauﬁa the acid would be engaged 1n the
e, frﬂm which it would be difficult to feparate it.

948. Citfic acid may be obtained in a flill fim-
pler manner, by faturating lemon-juice with lime :
the refult will be a citrate of lime, foluble in water.
'The falt muft then be wafhed, and f{ulphuric acid
be poured over it: the latter feizing on the lime,
forms with it fulphate of lime, a.falr almoft infolu-
ble, p.nd the ﬂfrﬂ: amd re;nams ﬂrec ;n the quuﬁr.

949. Table - of the Camﬁ:narzam of the Tartareous
.zfmd w:ﬂ: the Salifiable Bafes, in the Ouf;r _
qf tﬁd’}r Aﬁm{; fm ‘that Acid. b ]

fid

Lime dwia “Oxide of i iron” ©" - Oxidg of an‘t:many
Barytes' ;'O '5':'lede of manganeﬁ: Oxide of tellurium -
Magnefig '+ Oxide of cobalt * Oxide of arfenic
Potath ., Oxide of nickel " Oxide of filver
Soda Oxide of lead Oxide of mercury
Ammonia Oxide of tin Oxide of gold
Alumine Oxide of copper Oxide of platina.

Oxide of zine Ouxide of bifmuth

The’
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The falts formed by the tartareous acid with
thefe bufes, are called Tartrites.

g50. ‘The tartar found adhering to cafks in
which wine has been fermented, is a falt compofed
of a pecaliar acid, combined with™ potafh ; but in
{uch a manner, that the acid 1s in confiderable ex-
cels. This falt is known under the name of Acidulous
Tartrite of Potafh ; and the acid which enters into
its compofition is the zartareous acid.

951. For the means of obtaining fartareous acid
in a ftate of purity, we are indebted to Scheele,
As this acid has more affinity for lime than for pot-
ath, purified tartar, according to his prefcription,
muit be diffolved in boiling water, and lime mult
be added ull the whole acid is faturared with it
The tartrite of lime formed, 15 a falt almoft infolu-
ble; it therefore falls to the bottom of the liquor,
efpecially when it has cooled : the liquor is then to
be decanted ; and after the f{alt has been wafhed in
cold water, it muft be dried. Sulphuric acid, di-
luted with eight or nine times its weight of water,
muft then be poured over it, and it muft be di-
gefted for twelve hours in a gentle heat, care being
taken to flir it from time to time. The fulphuric
acid feizes on the lime, and forms with it a ful-
phate of lime; and the tartareous acid' remains free
in the liquor, At the end of twelve hours the li-
guor muft be decanted ; the fulphate of lime muft

then
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then be wafhed in cold water, to take from it the
portion of the tartareous acid adheriog to it; and
the water it has been walhed with muft he added
to the firlt liquor. 1f it be afterwards filtrated, you
will obtain, by cvaporation, concrete tartareous acid.
About two pounds of purified tartar will furnifh
nearly eleven ounces of acid ; and to feparate this
acid from. the lime will require about nine cunces
of concentrated {ulphuric acid,

g52. The carbono-hydrous radical which forms
the bafe of this acid (887) appears to be lefs oxy-
genated in the tartarcous acid than m the oxalie
acid (945). Some experiments of Haflenfratz
feem to prove that azote alfo enters into this radi-
cal, and even in a confiderable quantity. By oxy-
genating tartareous acid more and more, it may be
converted into oxalic, malic, and, at laft, into acet-
ous acid. It is probable that the difference. be-
tween thefe acids arifes not only from the degree of
oxygenation, but alfo from the praportion of hy-
drogen and carbon.

933. The tartareous acid, by combining with
the fixed alkalies, is fufceprible of two degrees of
faturation ; the firft conftitutes it a falt with excefls
of acid, known under the name of Greanm of Tartar,
and wh:cn is acidulous tartrite of potafh.” The fe-
cond degree of faturation gives a falt perfoctly neu-

tral, known under the name’ of V egﬁrable Salt, and
which
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which is called fimply Tuartrite of Potafh. The
tartareous acid, combined with foda to faturation,
produces Zartrite of foda, known under the name of

Seignette’s Salt, or Sal Polycheft of Rochelle.

084, Tuble of the Combinations of the Pyra-Tzzr'-'l
tareous Acid, with the Salifiable Bafes, in the
Order of their Affinity for that Adeid.

Potafh Oxide of zinc Oxide of nickel
Soda Oxide of manganefe Oxide of tellurium
Barytes Oxide of iron Oxide of arfenic
Lime QOxide of lead Oxide of bifmuth
Magnefia Oxide of tin Oxide of mercury
Ammonia Qxide of cobalt Oxide of antimony
Alumineg Oxide of copper Oxide of filver.

The falts formed by the pyro-tartaréous acid with
thefe bafes, are called Pyro-tartrites.

955. The pyro-tartareous acid is an empyreumatic
acid very little concentrated, which is extracted by
diftillation from purified tartar. To obtain it, half
fill a giafs-retort with acidulous tartrite of potafh re-
ducéd to powder, and adapt to the retort a tubulated
téceiver, to which muft be joined a bent tube, con-
veyed undeér a bell placed on a pneumatic apparatus:
By graduating the fire; the réfult will be an empy-
teumatic acid mixed with oil, which is the pyro-
tartareous acid. It muft be f{eparated from the oil |

XY by
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by means of a funnel. During the diftitlation a
great deal of carbonic acid gas is difengaged. *

956, This pyro-tartareous acid always. contains
oil. It is not fafe to retify this acid. The acade-
micians of Dijon have fhewn that the operation is

dangerous, and that it is-attended with an explo-
fion.

057« Tuble of the Combinations of the Pyro-mucous
Acid with the Salifiable Bafes, in the Order of
their Affinity for that Acid.

Potalh .~ Oxide of zind Oxide of topper
Soda Oxide of manganefec Oxide of nickel
Barytes Oxide of iron Oxide of tellurium
Lime Oxide of lead Oxide of arfenic
Magnefia Oxide of tin Oxide of bifmuth
Ammonia Oxide of cobalt Oxide of antimoay
Alumine

The falts formed by the pyro-mucous acid with
thefe bafes, are called Pyro-mucites.

“958. The pyro-mucous acid is extracted by diftil-
lation from fugar, and all faccharine bodies. As thefe
fibftances {well up confiderably in the fire, 3 of the
retort into which they are put to be diftilled, muft
be left empty. This acid is compofed chiefly of
water, and a {mall portion of eil, flightly oxygenated.

: Its
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Its colour is yellow; inclining to red: if it be rec-
tified by a fecond diftillation, 1t may be obtained
lefs coloured. When 1t falls on the fkin it ftains 1t
yellow ; and thefe ftains do not difappear till the
. epidermis is femoved: The ﬁmpleﬂ'methc-d of
" concentrating this acid, is to expofe it to a cold of
ten or twelve degrees below freezing. If oxygen
be added to it by means of nitric acid; it may be
converted partly into oxalic; and partly into malic
acid;

959. A Table of the Cumﬁiﬂaf?arz.r of the Pyro-
ligneous Acid -wff&ﬂw_ Salifiable Bafes; in the
Order of their Affinity for, that Acid.

Lime Oxide of iron Oxide of bifmuth
Barytes _ Oxide of lead Oxide of mereury
Potafli Oxide of tin Oxide of antimony
Soda Oxide of cobalt Oxide of filver
Magnefia Oxide of copper = Oxide of gold
Ammonia Oxide of nickel Oxide of platina
Oxide of ziric Oxide of tellurium Alumine

~ Dxideof manganefe Oxide of arfenic

All the acids formed by the nyro-ligneous aeid
with thefe bafes, are called Pyro-/ignises.

960. Moft kinds of wood, and particularly thofe
which are heavy and compa&, when diftilled by an
“open fire, give a peculiar acid ; but the nature of
Y 2 ' it
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it was never examined by any one hefore Goettling,
The refult of his obfervations on this fubjeét may be
found in Crell’s Chemical Journal for the year 1779.
This acid, which has been diftinguifhed by the
name of the Pyro-ligheous, is of a brown colour,
and is highly charged with o1l and charcoal. To
obtain it pure, it muft be redified by a fecond dif-
tillation. It appears to be nearly of the fame na-
ture from whatever wood extratted. Its radical is
'cﬁmpd&'d chiefly of hydrogen and carbon. Its af«
finity for the falifiable bafes, which we have here in-

dicated, was determined by Guiton-Morveau and
Eloi Bourfier, of Clervaux.

961. Tuble of the Combinaiious of the Benzoic Aeid,
with the Salifiable Bafes,

With the order of the affinity of this acid for the
falifiable bafes, we are  unacquainted ; we know.
only that it.can combine with four earths, three al-
kalies, and fiftecen metallic oxides, which are,

Lime Oxide of copper Oxide of nickel
Magnefia Ouxide of iron Oxide of zine
‘Baryles ‘Oxidé of tin Oxide of antimony
Alumine Oxide of lead Oxide of arfenic
Potath Oxide of mercury Oxide of manganefe
Soda " Dxide of bifmuth ~ Oxide of tungften
Ammuonia Oxide of cobalt Oxideof molybdena

Oxide of filver

The
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The falts formed by the benzoic acid with the
falifiable bafes, are called Benzoates.

962. The benzoic acid, which exifts completely
formed in benjamin, was known to the old chemifts
under the name of Flowers of Benjamin, and was
obtained by fublimation ; but Geoffroy difcovered
that they might be obtained alfo in the humid way.
After a great number of experiments made on ben-
jamin, Scheele adopted the following procefs: —
Take good lime-water, holding an excefs of lime,
and digeft it, portion by portion, over benjamin re-
duced to fine powder, continpally {tirring the mix-
ture. When it has been digefted half an hour, de-
cant the liquor ; then add a new quantity of lime-
water, and repeat this part of the procefs feveral
times, till the lime-water ceafes to be neutralized.
Colle@ all the liquors, and concentrate them by
evaporation : when they are reduced as much ad
poffible without being cryftallized, fuffer them to
cool, and then add, drop by drop, muriatic acid,
which feizing on the lime, thére will be formed a
precipitate confifting of concrete benzoic acid.

Y3 =~ 963 Table
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4

963. Table of the Combinations of the Camphoric
’ Acid with the Salifiable Bafes.

With the order of the affinity of this acid for the
falifiable bafes, we are unacquainted ; we know only
that it can combine with four earths, three alkalies,
and fifteen metallic oxides, which are,

Lime Oxide of filver ~ Oxide of bifmuth
Magnefia Oxide of platina Oxide of cobalt
‘Barytes Oxide of copper Oxide of nickel
.ﬁiumigm Oxide of irphn Oxide of zinc
Potafh Oxide of tin Oxide of antimony
Soda ﬂx ide of Iea-:l Oxide of arfenic
Ammonia Oxide of mercur}' Oxide of mangan:f&
Oxide of gald

The falts fﬂrmed by the camphoric ac1d with thefe
bales, are called Camphorates.

964, The camphoric acid is’camphor oxygenated
to acidity. Campbor is a concrete eflential oil, ex-
tracted by fublimation fram a laurel which grows
in China and Japan. Kofegarten diftilled nitric
acid eight times from off camphor, and was able to
015.'gtnate it, and to convert it into an acid fimilar
to the oxalic acid; but which however, in fome
refpetts, was different from it.

965. Camphor being a carbono-hydrous radica]

1t Is not aﬁnmfhmg that, by bemn' oxygenated, 1
byt !huuld
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fhould form oxalic, malic, and other vegetable acids,
according to the degree of oxygenation, The
greater part of the phenomena, obferved by Kofe-
garten in the combinations of this acid with the fa-
lifiable bafes, are obferved alfo in the combinations
of the oxalic and the malic acids. Lavoifier, there-
fore, was inclined to confider the camphoric acid
as a mixcure of thefe two acids.

966, Tuable of the Combinations of the Gallic Acid
with the Salifiable Bafes.

With the order of the affinity of this acid for the
falifiable bafes, we are not acquainted ; we know
only that it can combine with four earths, three alkae
lies, and fifteen metallic oxides, which are,

Lime Oxide of filver Oxide of bifmuth
Magnefia Oxide of platina Oxide of cobalt
Barytes Oxide of copper Oxide of nickel
Alumine Oxide of iron Qxide of zinc
Potafh Oxide of tin Oxide of antimony
Soda Oxide of lead Oxide of arfenic
Ammonia Oxide of mercury  Oxide of manganefe

Oxide of gold

The falts formed by the galli¢ acid with the fa-
lifiable bafes, are called Gallates.

967. The gallic acid, called alfo the Afringent
Principle, is extracted from the gall-nut, either by
5 6 N fimple
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{imple infufien er decoétion in water, or by diftillas
~tlon in a very gentle heat, Jts radical is entirely un-
known. The commifficners of the academy of
Dijon have given a very complete treatife on this
.acid. Iris found in a great number of vegetables,

fuch as the oak, willow, iris of the marfhes, rafp-
berry-bulh, nymphaa, cinchona, the bark and

flowers of the pomegranate-tree, and in many other
kinds of wood and bark. |

958, The gallic acid, though exceedingly weak,
reddens tincture of turnfole, and decompofes the
{ulphurets. = Jt uwires with all metals which have
been previoufly diffclved by another acid, and pre-
cipitates them under different colours : with iron it
gives a precipitate of a blue or dark violet colour. -

969. Table of the Combinations of the Suecinic
- Acid with the Salifiable Bafes, in the Order
of their Afinity for that decid.

Baryies Oxide of iron Oxide of antimony
Lime . Oxide of manganefe Oxide of tellurium
Potafh Ozxide of cobalt Oxide of arfenic
Soda Oxide of nickel Oxide of mercury
Ammonia Oxide of lead Oxide of filver
Magnefia Oxide of tin Oxide of gold
Alumine  Oxide of copper Oxide of platina
Oxide of zinc Oxide of bifmuth

The falts formed by the fuccinic acid with the
falifable bafes, are called Succinates.
g70. The
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gy0. The fuccinic acid 15 extracled by dilﬁiilatinn
from thar kind of amber, known under the name of
Yeilow Amber. For this purpofe, it 1s {ufficient to
put the amber into a retort, and to expofe it to a
gendeheat ¢ the fuccinic acid will be found fubli.
mated under a concrete form in the neck of the re-
tort. The diftillation, however, muft not be car-
ried too far, left cthe oil fhould pafs over. When
the operation is finifhed the acid muft be depofited
on blotting-paper, that the moifture may cdrain off ;
after which it ciuft be purified by repeated folution
and cryftallizaion. Twenty-four parts of cold wa-
ter are neceffary to keep this acid 1o folution 5 but
it is much more foluble in warm water. It pro-
duces only a faiot change on blue vegetable co-
lours. The affinity of the fuccinic acid for the
different falifiable bafes, as above indicated (g69)
was firft determined by Guiton-Morveau.

971. Table of the Combinations of the Phofphorus
and Phofphoric Acids with the Salifiable Bafes,

i the Order of their Affinity for thefe Acids.

Lime Oxide of iron Oxide of antimony
Barytes Oxide of manganefe Oxide of tellurinm
Magnefia Oxide of cobalt Oxide of arfenic
Potafh Oxide of nickel Oxide of mercury
Soda Oxide of lead Oxide of filver
Ammonia Oxide of tin Oxide of gold
Alumine Oxide of copper Oxide of platina

Oxide of zinc Oxide of bifmuth

The
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The falts formed by the phofphorous and the
]illnf'pharic acids with the falifiable bafes, are called
Phofphites, or Phofphates, according to the acid by
which they have been formed: the exiftence of
metallic phofphites is however not yet abfolutely

certain.

972. As we have already given (291 e feg.) 2
fhort account of the difcovery of pholphorus, with
fome obfervations on the manner in which 1t exifts
n animals and even {ome vegetables, we fhall now
defcribe the procefs for rendering it acid. To ob-
tain phofphoric acid pure and free from all mixture,
phofphorus muft be burnt under bell-glaffes, moift-
ened in the infide with diflilled water; the phof-
phorus then takes from the air in which it burns -
a quantity of oxygen equal to twice and a half its
own weight, and thus forms phofphoric acid, If
the acid be required in a concrete ftate, the phof-
phorus mult be expofed to the fame combuftion
over mercury ; the acid, in that cafe, appears under
the form of white flakes, which ftrongly attract the
moifture of the atmofphere, o =

.973. To obtain the acid merely phyphorous,
the phofphorus is fuffered to burn very flowly in
the open air in a funnel, inferted into a glafs jar.
The phofphorus combining with the oxygen of the
air, becomes acid ; and, at the end cf fome days, the
whole of it is oxygenated. In proportion as the
phofphorous acid is formed, it feizes on a portion
of the moifture of the aiztand‘ runs into the flatk,

This'
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This acid may be eafily converted into phofphoric
acid, by expofing it for a long time to the air.

974- As phofphorus has a great affinity for oxy-
gen, ittakes it from the nitric acid, and from the
oxygenated muriatic acid; and this furnilhes a
fimple and cheap method of obtaining phofphoric
acid. When concentrated nitric acid 1s employed,
“a tubulated retort muft be half filled with it, and
clofed with a'glafs ftopper 5 it muft then be expofed
to a gentle hear, and {mall bits of phofphorus, which
will diffolve with effervelcence, are to be introduced
through the tubulure : during this procefs nitrous
gas will efcape, under the form of red vapour. You
muft continue, 1n this mannner, to add phofphorus
till no more of it is diflolved, and the fire muft be
~uiged a little ftronger to expel the laft portions of
the nitric acid ; the phofphoric acid will then be
found in the retort, partly under the concrete, and
partly under the liquid form.

§75. Combinations of the Formic Acid with the Sali-
Jiable Bafes, in the Order of their Affnity ﬁ:r

that Aeid.
Barytes " Oxide of zinc Oxide of copper
Potafh Oxide of manganefe Oxide of tellurium
Soda Oxide of iron Oxide of nickel
Lime Oxide of lead “Oxide of bifmuth
Magnefa ~ Oxide of tin Oxide of filver
Ammonia Oxide of cobalt Alumine

The
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The falts formed by the formic acid with the {a-
hifiable bafes, are called Formiates.

676. The formic acid was known in the feven-
teenth century.  Samuel Fither firfl obtained it by
diftilling ants; and his refearches on this ﬁlbjﬂlﬂ‘.’
were continued by Margraff, as may be feen in a
Memoir which be publithed in 1749. Ardwiffon
and Oehrn made experiments alfo on this acid,
which are deferibed in a Differtation publithed by
them at Lieipfic in 1977.

977, The formic acid is extratted from a large
red ant found in'the woods. It may be obtained
two ways: by diftillation and lixiviation.

By Diftillation, Introduce the ants into a glafs re-
tort or cucurbite furnithed with a capital, and pro-
ceed to diftillation at a gentle heat: the acid will
then palsinto the receiver. The quantity obtained
1s equal to about half the weight of the ants.

- By Liziviation. Wafh the ants in cold water;
then {pread them out on a cloth, and pour over
them boiling water, which becomes charged with
the acid pait.  If the ants be flightly prefled in the
cloth, the acid will be ftronger.

This acid may be obtained pure, and in a con-
centrated ftate by rectification ; and the phelgm
may be feparated from it by congelation.

With
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978. Table of the Combinations of the Bombic
- Aeid with the Salifiable Bafes.

With the order of the affinities of this acid for
the falifiable bafes, we are not acquainted ; we know
~ only that it can combine with four earths, three al-
kalies, and fifteen metallic oxides, which are,

Lime Oxide ot filver Oxide of bifmuth
Magnefia Oxide of platina Oxide of cobalt
Barytes Oxide of copper Oxide of nickel
Alumine Oxide of iron Oxide of zine
Potalh Oxide of tin Oxide of antimony
Soda Oxide of lead Oxide of arfenic
Ammonia Oxide of mercury  Oxide of manganefe
Oxide of gold

‘The falts formed by the bombic acid with the
{alifiable bales, are called Bomliates. ' :

¢79. The bombic acid is that furnithed by the
filkworm. When the filkworm changes into 2
chryfalide, its humours feem to aflume a character
of acidity ; and when it transforms itfelf 1nto a but-
terfly, it {uffers to efcape from it a reddifh and
highly acid liquor, which reddens blue paper, To
obtain this acid pure, Chauffier, member of the
academy of Dijon, after feveral trials, adopted the
following method :—the chryfalides of the filkworm.
are Lo be infufed in {piric of wine, which will be-
come
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come charged with the acid, without attacking the
mucous er gummy parts ; the {pirit of wine muft
then be evaporated; and the bombic acid will re<
main pretty pure. It is not improbable that feveral
kinds of infefts might furnifh an acid of the fame
kind. The radical of the bombic acid feems to
be compofed of carbon, hydrogen, azote, and per-
haps phofphorus,

*

980. A Table of the Combinations of. the Sebacts
Aeid with the Salifiable Bafes, in the Order
of their Affinity for that Aeid.

[

Barytes Oxide of zinc Oxide of nickel
Potafh Oxice of manganefe Oxide of tellurium
Soda Oxide of iron Oxide of arfenic
Lime Oxide of lead Oxide of bifmuth
Magnefia Oxide of tin Oxide of mercury
Ammonia _ Oxide of cobalt Oxide of antimony
Alumine Oxide of copper Oxide of filver

The falts formed by the febacic acid with the
falifiable bales, are called Sebates.

98t. The febacic acid is extralted from fat.
‘To obtain it, melt tallow in an iron pan, and add
to it pounded quicklime, keeping continually fhir-
ring it.  The vapour which rifes from the mixtuare
1s exceedingly pungent ; and, on that account, the
operator muft avoid inhaling it : towards the end

of the operation the fire ought to be increafed.
| ' The
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The {ebacic acid forms with the lime febate of lime,
.;1 falt very little foluble.  To {eparate it from the fat
parts, to which it adheres, the whole mafs muft be
boiled in a large quantity of water; the febate of
lime diffolves, and the tallow, being melted, floats
on the {urface. The favis then fkimmed off and
the water is evaporated; the {ebate is afterwards
calcined in a moderate heat, and being re-diffolved,
is again made to cryftallize : after this operation the
{ebate of lime remains pure. To obtain the acid
in a free ftate, fulphuric acid 1s poured over)the
{ebate, and it is then diftilled ; the {fulphuric acid
feizes on the lime, and the [ebacic acid pafles over
clear into the receiver,

982. Tuble of the Combinations of the Lactic Acid
with the Salifiable Bafes.

. With the order of the affinities of this acid for
the {alifiable bafes, we are unacquainted ; we know
only that it can combine with three earths, three al-
kalies, and fifteen metallic oxides, which are,

Lime Oxide of filver Oxide of bifmuth
Barytes Oxide of platina Oxide of cobalt
Alumine Oxide of copper Oxide of nickel
Potafth Oxide of iron Oxide of zinc

Soda Oxide of tin Ouxide of antimony
Ammonia Oxide of lead Oxide of arfenic

Oxide of gold Oxide of mercury ~ Oxide of manganefe

The
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The falts formed by the laétic acid with the fali<
fiable bafes, are called Lagates.

983. The lactic acid is found in whey, where it
is united with a little earth. For the accurate know-
ledge which we have of this acid, we are indebted to
Scheele. To obtain it, reduce whey by evapora-
tion to one-fourth of its volume ; feparate all the
cafeous part from it by filcration, and to the liquor
add lime, which will combine with the lattic acid ;
then free it from the lime by the addition of
axalic acid, which, with the lime, will form an in-
foluble falt : the oxalate of lime may be {eparated
from it by decantation; then evaporate the de-
canted liquor to the confiftence of honey, and add
{pirit of wine, which will diffolve the acid: then
{eparate the fugar of milk and other foreign {ub- .
ftances by fileration.  To obtain the lactic acid
alone, nothing will be neceffary but to get 1id of the
fpirit of wine, either by evaporation or diftillations
The laéic acid unites with almoft all the falifiable
bafes, and forms with them uncryftallizable falts.

984. Table
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o84+ Tuble of the Combinations of the Saccho-lalic
Aeid with the Salifiable Bafes, in the Order of
their Affinity for that Acid.

Lime Oxide of zinc Oxide of nickel
Barytes  Oxide of manganefe Oxide of tellurium
Magnefia Oxide of iron QOxide of arfenic
Potafh Oxide of lead Oxide of bifmuth
Soda Oxide of tin Oxide of mercury
Ammopia Oxide of cobalt Oxide of antimony

Alumine  Oxide of copper Oxide of filver

The falts formed by the faccho-laétic acid with
the falifiable bafes, are called Saccholates.

985. The faccho-ladtic acid is extrafted from
fugar of milk. It has been long known that there
may be extralted from whey, by evaporation, a
kind of fugar which has a great refemblance to
that obtained from the fugar-cane. This fugar,
like that of the cane, is fufceptible of being oxy-
genated different ways, and particularly by its com-
bination with the nitric acid, from which it takes
a large portion of its oxygen. For this purpofe,
pour nitric acid feveral times fucceffively over {ugar
of milk, and concentrate the liquor by evaporation ;
then make it cryftallize, and by thefe means you
will obtain oxalic acid (944); but at the fame time
phlere is feparated a very fine white powder, fufcep-
: Z tible
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tible of combining with earths, alkalies, and fome-
times metals. To this concrete acid, difcovered
by Scheele, the name of the Saccho-laétic Acid has
been given. 'We are little acquainted with the na-
ture of its action on metals; we know only that it
forms with them falts which are very little {oluble,
The order of the affinities, as given in the above
table (98%) is that indicated by Bﬂrgmam_l_._

986. Table of the Combinations of the Lithie
- Acid with the Salifiable Bafes.

-~ With the order of the affinities of this acid we are
unacquainted ; we know only that it can combine
with four earths, three alkalies, and fifteen me-
tallic oxides, which are,

Lime Oxide of filver = Oxide of bifmuth

Magnefia Oxide of platina Oxide of cobalt
Barytes - Oxide of copper Oxide of nickel
Alumine Oxide of iron Oxide of zinc
Potafir Oxide of tin Oxide of antimony
Soda Oxide of lead =~ Oxide of arfenic

Ammonia  Oxide of mercury ~ Oxide of manganefe
Oxide of gold ' '

The falts formed by the lithic acid_with the fali-
fiable bafes, are called Lithiates.

987. The human c:;ilcuius, according to the ex-

periments of Bergmann and Scheele, appears to be
a kind
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a kind of concrete falt with an earthy bafe, flightly
acid, and which requires a great deal of water to
diffolve it; for 1000 parts in weight of boiling
water are fcarcely fufficient to diffolve three parts of
falt, moft of which again cryftallizes on cooling.
To this concrete acid Guiton-Morveau gave the
name of Lithiafic Aeid ; but it has been fince called
the Lithic Acid. The properties of this acid are
not yet well known. Lavoifier fays that he was in-
duced, for {everal reafons, to believe it to be an

acidulous phofphate of lime.

938. Tuable of the Combinations of the Pruffic Acid |
with the Saliffiable Bafes, in the Order of their

Affnity for that Acid.
Potath Oxide of iron QOxide of bifmuth
Soda Oxide of manganefe Oxide of antimony
Ammonia Oxide of cobalt Oxide of arfenic
Lime Oxide of nickel Oxide of filver
Barytes Oxide of lead Oxide of mercury
Magnefia Oxide of tin Oxide of gold

Oxide of zinc  Oxide of copper Oxide of platina.

~ The falts formed by the pruffic acid with the fa.
lifiable bafes, are called Pruffiates.

989. With the nature of the pruffic acid we are
unacquainted. Its radical is alfo unknown ; but,

from the experiments of Scheele, and thofe in par-
Z2 ticular
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ticular of Berthollet, there is reafon to think that
this radical is compofed of carbon and azote. All
that can be faid 1s, that the pruffic acid combines
with iron, and gives it a blue colour ; and this is
what is called Prufian Blue. It is fufceptible of
combining alfo with almoft all the metals; but the-
fixed and volatile alkalies deprive them of the acid
in confequence of their greater affinity for it. If
any phofphoric acid is found in it (972) there is
reafon to believe, from the experiments of Haflen-
fratz, that it is only accidental.

ggo. Though the pruffic acid unites with alka-
lies, earths, and metals, in the fame manner as
acids, it poflefles only a part of the properties af-
cribed to acids; it is not impoffible therefore that
it may have been impropcrl_y cﬂn_ﬁgned to that
clafs.

Divifion of Bodics,

991. There are two ways of dividing bodies, viz.
mechanically and chemically. The firft confifts
in trituration, grinding on porphyry, and pulver=
iz ng : bodies, by this method, to whatever degree of
finenefs the parts may be reduced, are not decom-
pofed ; each molecula is fill what it was before di-
vifion. The fecond method confifts in folution or
diffolution ; by which the primitive mo'ecule of bo-
dies are divided. '

992, In
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go2. In chemiftry, the terms folution and diffs-
lution were long confounded. Solution is the divi-
fion of the parts of any falt in water; Diffolution is
the divifion of a metal in an acid*. Thefe two
operations have no refemblance. In the folution of
falts the faline molecule are only ‘feparated from
each other; neicher the falt nor the water experi-
ences any decompofition ; and both may be reco-
vered in the fame quantity as that which they
formed before the operation. The fame thing may
be faid of the folution of refins in alcehol, or other
fpirituous liguors.

993. But in the diffolution of metals it an acid
there is always a decompofition, either of the acid
or of the water : the metal paffes to the ftate of ox-
ide, and a gafeous fubftance is difengaged, fo that
after the ditfolution none of thefe fubftances is in
the fame {tate in which it was before : decompofis
tion and recompofition therefore have taken place.

994. In the folution of falts two effets are com=
monly combined : {olutton by water, and folution
by caloric.  All falts are fufceptible of being lique-
fied by caloric, but not all at the fame termpérature 3

t As the diftintion which the author here makes between
Solution and diffolution feems not yet to have been adopted by the
Englifh chemifts, it has not been obferved in the tranflation *
the term fo/ution has beeh in generalufed. Taans.

Z3 I fome
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fome of them, as the acetites of potath and foda,
liquefy at a very moderate heat; but others, as the
{ulphates of lime, potath, &c. require the firongeft
degree of heat that can be produced. This lique-
fation of falts by caloric exhibits the fame pheno-
mena as the liquefaction of ice: 1ft, It is effected
by a determinate degree of heat for each falt ; and
this -degree 1s conftant during the liquefaltion :
2d, There is an abforption of caloric at the moment
when the falt diffolves, and a difengagement of " ca-
loric when the falt becomes fixed. All thefe phe-
nomena generally take place during the tranfition
of any body whatever from the concrete to the fluid
ftate, and from the fluid to the concrete,

995. The phenomena of folution by caloric are
always more or lefs connected with thofe of folution
by water. 1f a falt is very little {oluble in water,
and very much fo by caloric, it will be very little
foluble in cold water, and very much f{o in warm :
of this kind is the nitrate of potath or /falipetre;
and, in particular, the oxygenated muriate of pot-
ath. If a falt is very little foluble, both in water
“and in caloric, it will be very little {oluble in water,
cither cold or warm : of this kind is the fulphate of

lime or gypﬁm:.

" 996. Such is the general t[iecary of the folution
of falts. It would be a matter of {fome importance

to afcertain the quantity of each falt that can be dif-
folved
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{olved in 4 given quantity of water, and at different
degrees of temperature; as we (hould thence be
able to difcover the quantities of water and caloric
required for the folution of each falt; how much
is abforbed at the moment when the falt liquefies,
and how much is difengaged when it cryftallizes.
1 have begun to make experiments on this fubject #,
but they are ftill far from being complete. It is
known that {ome falts diffolve much {ooner in warm
than in cold water; becaufe caloric is always em=
ployed in the folution of falts, and it is {peedily fur-
nithed by warm water.

994. Metals generally diffolve in acids with ef-
fervefcence. This effervelcence is produced by
the difengagement of an aeriform fluid, which may
be retained by the fame means as thofe employed
for extratting gafes. In this diffolution the metal
always combines with the oxygen, either of the acid
or of the water, and therefore decompofition and
recompofition both take place: a decompofition of
the acid or of the water, which lofes its oxygen ;
and a recompofition, effected by the comibination
of oxygen with the metal, which by thefe means
is converted into an oxide, confequently the pro-
dults are fubftances different from thofe which be-
fore exifted.

* See my Principes de Phyfigue, art. 1057,

Z 4 Cryfa
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C’ryﬁafﬁz#t&m of Salts.

098. If a falt diffolved in water and caloric be de-
prived of a part of the caloric and water ; in a word,
if it be made to cool and to dry, it cryftallizes. If
the operation be flow, and if the liquor be left at
reft, the cryftallization will be regular ; if the opes
ration is rapid, and if the liquor be expofed to agi-
tation, the cryftallization will be confufed.

g99. The phenomena which take place in the
folution of falts, are exhibited in their cry{tallization,
but in an inverfe order; in their folution there is
an abforption of caloric 3 but in their cryftallization
there is a difengagement of caloric; and the {ame
thing happens in the melting of ice and the congel-
ation of water.

1000. The falts which liquefy eafieft by caloric,
are the nitrate of potafh or faltpetre, the oxygenated
muriate of potafh, the fulphate of alumine or alum,
the fulphate of foda or Glauber’s falt, &c. To
make them cryftallize, they muft be deprived not
only of their water, but alfo of their czloric. In
regard to thofe which require little caloric for their
{olation ; and which, on that account, are nearly
as foluble in cold as in warm water, it will be

{ufficient, to make them cryftallize, to deprive them
' of
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of the water which holds them in folution : of this
kind are the fulphate of lime or gyplum, the mu-«
riates of {oda, potath, &c.

1001, It is in thefe properties of falts that the
procefs fot refining faltpetre is founded. This falt,
when it comes from the hands of the manufalturer,
1s compofed, 1{t, Of deliquefcent falts, not fufcepti-
ble of cryftallization; fuch as the nitrate of lime
or mother-water of nitre, the muriate of lime or
calcareous marine falt: 2d, Of falts almoft equally
folable hot or cold ; fuch as the muriate of {foda or
marine falt, and the muriate of potath or febrifuge
falt of Sylvius: 3d, Of the nitrate of potath or falt-
petre, which is much more foluble in warm than in
cold water. A quantity of warm water, fufficient
to keep in folution the leaft foluble of thefe falts,
fuch as the muriates of foda and potath, even when
it has cooled, is poured over them. This water
holds in folution all the faltpetre as long as it is
warm ; but the cafe is not the fame when it has
cooled ; about % of the faltpetre cryftallize, This
{altpetre is a little impregnated with foreign matters;
but it may be freed from them by a new folution in
a fmall quantity of water warm, and a new cryftal-
lization. What remains is then evaporated to ex-
tract the crude faltpetre, which may be purified as
the preceding. The procefs followed in refining
faltpetre may ferve as a rule in the purification of
other falts.

100z, All
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1002, All falts cryftallize, each under a form pe-
culiar to itfelf ; and this form even varies in the
fame falt, according to circumftances, The figure
of the primitive molecule, however, of each falt is
very conftant in each fpecies, and the form of the
eryftals varies only in the manner in which the
cryftals are grouped. Hauy has given fome excel-
lent papers on this fubjeét, which may be found in
the Memoirs of the Academy of Sciences ; and has
publithed alfo a diftinét work on the firu@ure of

cryftals,

Compofition and Décompofition of Animal and
Vegetable Matters,

to03. The conftituent principles of vegetables
may be reduced to three, common and effential to
them all, viz. hydrogen, oxygen, and carbon : with-
out thefe no vegetable could exift. There are, how=
ever, other f{ubftances which are eflential only to
certain vegetables, fuch as azote, which is found in
the cruciform plants, Of thefe three principles
two (viz, hydrogen and oxygen) have a great ten-
dency to unite with caloric, and to be converted
into gas. In regard to the carbon, it is fixed, and

has very little affinity for caloric.

+ ‘See a tranflation of this work, illuftrated with plates, en-
graved by Lowry, in the Phil. Magazine, vol, 1.  TrANs.

1004. On
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~.3004. On the other hand, oxygen, which at the
ufual temperature tends, with a force nearly equal,
to unite itfelf to hydrogen and carbon, has at a red
heat much more affinity for carbon than for hydro-
gen; confequently at that degree of heat it abandons
the hydrogen, and, uniting with the carbon, forms
with it carbonic acid.

1005. However variable thefe affinities may
be, in proportion to the temperature, it is certain
that they are all nearly in equilibrium at the ufual
temperature ; and this is the reafon why we
bave faid (837) that vegetables contain neither
water, oil, nor carbonic acid, though they con-
tain the elements of them+: a change in the
temperature is {ufficient to derange thefe combin-
ations. If the temperature 1s a little higher than
that of boiling water, the hydrogen and oxygen
form water which pafles over during diftillation :
a portion of the hydrogen and carbon form volatile
oil ; and another portion of the carbon becoming
free and fixed, remains in the retort : but if the fire
be urged to a red hear, the water, as well as the
oil which may be formed, is decompofed; the
oxygen uniting with the carbon forms carbonic
acid ; and the hydrogen, becoming free and unit-
ing with caloric, efcapes under the form of gas.

1006. It is feen that this decompofition of vege-
table matters takes place at the above degree, in con-

+ It may be readily conceived that the vegetables are fup-
poled to be perfeltly dry, and to furnifh no oil by expreffion,

{feguence
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fequence of a play of double and triple affinities ;
and that while the oxygen attrafts the carbon,
to form carbonic acid, the caloric attraéts hydrogen,
to formn hydrogen gas. Thefe phenomena always
take place in the diftillation of all vegetable fub-
flances.

. 1007. The play of affinities is ftill more com-
plex in plants which contain azote; fuch as the
cruciform plants, and in thofe which contain phof=
phorus : but as the two laft fubftances exift in
them only in a very fmall quantity, they do not
occafion a great change in the produéts : it appears
that the phofphorus remains combined with the
charcoal, which renders it fixed ; and the azote unites
with the hydrogen to form ammonia.

1008. Animal matters are compofed nearly of
the fame principles as the cruciform plants; and
the diftillation of them gives the fame refults, -
Thefe principles are hydrogen, oxygen, carbony
azote, and phofphorus ; but as animal matters con~
tain more hydrogen and more azote than vegetable
fubftances, they furnifh more oil and ammonia.

1069. The fucceffive re&ification of oils exhi=
bits a very fingular phenomenon. Every time they
are diftilled a little charcoal remains at the bottom
of the retort, and a little water is formed. As this

phenomenon takes place at each fuccefiive diftilla-
tion
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tion of the fame oil, the refult is, that after a great
number of re&ifications, efpecially if the operation
has been conduéted with a pretty f{trong degree of
heat, and in {mall veffels, the whole of the ol 1s
converted into water and charcoal ; a weight even
greater than that of the oil employed is found : this
excefs of weight is that of the oxygen of the air,
which, by combining with the hydrogen of the oll,
has formed water, '

Fermentation.

1010. The different kinds of fermentation refule
from the decompofition of animal and vegetable
{ubftances ; for in every fermentation decompofi-
tion and recompofition take place. There are
three {orts of fermentation, viz. the vinous, acetous,
and putrid,

1011. Vinous Fermentation is that which pro.
duces {piritpous liquors ; fuch as wine, cider, beer,
&c. To make wine, the exprefled juice of grapes
1s put into a large vat, expofed to the temperature of
at leaft 55°. Soon after, a rapid fermentation takes
place, and goes on ftill increafing, {o that the li-
quor {eems to boil up with great violence, as if it
were over a ftrong fire, and a large quantity of car-
bonic acid is difengaged. The juice of the grapes,
from being {weet and faccharine, is converted into

| a vinous
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a vinous liquor, which when the fermentation is
complete, contains no more fugar, and from which
may be extratted by diftillation, an inflammable li-
quor, known in commerce and the arts under the
name of Spirit of #ine, or Aleohol. The produc-
tion of wine therefore is owing to the fermentation
and metamorphofis of this faccharine past.

1o12. Let us now examine what gives birth to
the carbonic acid difengaged in this operation, and
to the inflammable liquor which is formed; and
how a fweet body, a vegetable oxide, can be thus
transformed into two fubftances fo different, one of
which 1s combuftible, and the other incombuftible.
For this purpofe we muft endeavour to acquire an
accurate knowledge of the fermentable body, and
of the produéts of fermentation; for nothing is
created, either naturally or by art: in every opera-
tion there is the fame quantity of matter, both before
it begins, and after it is ended; the quality and
the quantity of the principles are the fame ; there
are no changes but in the modifications and the new
combinations., Let us examine, therefore, what are
the conftituent principles of fermentable bodies;
and for that purpofe let us felet Sugar, which,
among the fimpleft of all thefe bodies, is that eafi-

eft to be analyzed,

1013. Sugar isa vegetable oxide with twe bafes :

it is compofed of hydrogen, carbon, and oxygen. In
| | 10Q
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300 parts of it there are 8 of hydrogen, 28 of car-.
bon, and 64 of oxygen. To caufe it to ferment, it °
muft be diffolved in four times its weight of water 3
but as watcr and {ugar do not ferment without the
addition of {fome other {ubftance, fermentation muft
be excited by a little yeaft of beer: when the fer-
mentation is once produced, it will continue of it-
{elf to the end, I fhall now give the refult of an
experiment made on 2 large fcale by Lavoifier.
This chemi(t diffolvod 100 pounds of {ugar in 400
pounds of water, and added 1o pounds of the
yeaft of beer in pafte, which made altogether 510
pounds. The yealt was compofed of 2 pounds,
12 ounces, 1 dram, and 28 grains of dry yeaft; and
7 pounds, 3 ounces, 6 drams, and 44 grains of
water,

-

The conftituent principles therefore of the ma-
terials of this fermentation were,

Jib, oz. dr. gr. lib. oxz. dr. "gr.
5 , 2t Hydrogen -— 61 1 2 7140
of water, com- OxTae v Mo an St
pofed of Y8 i f9
100 [ Hydrogen — 8§
of fugar,com- & Oxygen — 64
pofed of ICarhun — 28
"Hydrogen — 4 -5..980
of dgryl:eaf’fl, c:;-i Ok = D S Erg
. Sofed of Carbon — 12 4 59:00
| Azote — 5 298

210 0 0 O 210 0 0 O

The
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The quantities of each of thefe conflituent prine

ciples :

lib. ez, dr. gr.
water 60 O 0 0O
water of :
Hz;!-rogen Ithn‘: }-‘caﬂ: } 1 2 714D lib, nr:. dr. !1*..
) o i ia Db tianta 69 6 0 878
L}’eaﬂ: —_ & 5 950
[ watcr 340 0 0O © g
| water of '
Oxveen ! } 5 W4 P g
YES the yeaft e [-*I.-II 12 6 1'36
of the f
 fugar 64 0 0 O
L}feaﬂ: - '} 1Q 22878 .j
Carbon fugar — 28 0 0 O :
0o [
of the {yeaﬂ: —_ 12° .4 50 ]’ Btk
Azoteof the yeat = 3 294 5 2.94
210 O 0D O

3 '-‘Ir

1014. The next thing is to examine the produts
of the fermentation. To afcertain thefe, Lavoifier
employed the apparatus reprefented fig. 45; by
means of which he was able to determine the
quantity and quality of all the produts feparately,
and to weigh them at any period he chofe. This
apparatus confifts of a large marrafs A, to which is
adapted a brafs cap @ &, having {crewed into it a
bent tube ¢ 4, furnithed with a cock . To the
tube is adapted a kind of glafs recciver B, with three
necks, and below it is placed a bottle C, with which
it has a communication. At the end of the receiver
B s a glafs tube g / 7, cemented at’ g and 7 to brafs
eotlars : this tube is deftined to contain concrete

and
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and highly deliquefcent falts, capable of taking'.up
moifture from the fubftances which pafs through
it. This tube is followed by two bottles, D and
E, filled to # and y with cauftic alkali, diffolved in
water. All the parts of this apparatus are united
to each other by means of {crews that prefs upon col-
lars of oiled leather, to prevent the paflfage of air.
Each piece is alfo furnithed with two cocks, fo that
it.can be fhut at both its extremities ; and, by thefe
means, each can be weighed feparately at every
period of the experiment that may be thought ne-
ceflary.

1015. The fermentable matter is put into the
matrafs A. In one or two hours after, efpecially if -
the temperature of the place where the experiment
is performed be about 65° or '70° the liquor be-
comes turbid, and begins to foam ; bubbles, which-
burft at the furface arife; the number -of thefe
bubbles increafes, and there is difengaged a large
quantity of very pure carbonic acid gas, accompa-
nied with foam, which is nothing elfe than the yeaft
that feparates itfelf. At the end of {ome days, ac-
cording to the degree of heat, the difengagement
of gas decreafes ; but it does not ceafe entirely till
a long time after the fermentation is finifhed.

1016. The 510 pounds of fermentable fub-
ftances, furnithed at firft 35 pounds, 5 ounces,
4 drams, and 19 grains of dry carbonic acid, which

' - Aa car-
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OF CHEMISTRY. AL
- 1018. Tuble of the Refults obtained by this
Fermentation of Sugar.

lib. o2. dr. gv;
Al T P
Df Cal'baﬂiﬂ ,ﬂx}'gen S, i G o /s 95 7 1 34

Of im0
"oxygen combined with hydrogen 31 6 1 64
=" “al 1;'15 hydregen combined with oxygen 5 8 5 3
sidsy fc: uf,i hydrogen combined with carbon 4 0 5 ©
POpAtES _carbon —_ —_ 16 11 5 €8
2 8 of dry hydrogen — — 2 4 0
acetous acid, {-::x}'gen e — 111 4 O
compofed of \ carbon —_— L = 10 0 ©

4 1 4 33
of faccharine ’hfdmgc“ i = 5 1-6f
refiduum, com- [ O*Y&1 o v 209 T
pofed of — J carbon e -y .1 2 258
L R, Chydrogen —_— — 9 9 41
of dry yeaft, | Bsiig g S R
: carbon _— —_ w248
compofed of Iamtﬁ 5 = giac

408 15 5 14
of water, com- hydeogen g e
pnff:t;ﬂf oxygen — - 347 10 0 59
10 0 O O 510 0 0O O

A a2

1019,
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1019. Quantities of each of the Conflituent Principles

of thefe Refults.

lib. oz. dr. gr.
rIn the water — 347 10 0 59
;i'],_ oWy . 55 carbonic acid — 25 "1 41 8¢
409 10 054 — alcohol s 1. & 164
of oxyuen: vie. — acelous acid — 3 1 PG TR
y — {faccharine refiduum et R
L — yeait = : 13 1 14
[ — water - 61 4 4 27
~— water of the alcohol 5858
71 8 6 66 combined with the carbon} My "

of hydrogen, & in the alcohol
viz, In the acetous acid — -_— 2 4 0
— faccharine refiduum — 5 1 &7
| —  yeaft —_ 9 g
[ — carbonic acid b TR AL
$ UL i e alcohol —1 B 16 11 5 65
il e e Ty . — acetous acid — 10 0 0
g gl 2 — faccharim;: refiduum 1 2 2 53
‘ — yeaft —_— 6 2 30
Azote 2 37 = - i 2 37
510 0 0 0O 210, VD

1020. In examining thefe refults (1018) we ob-
ferve that of 100 pounds of fugﬁr,_ 4 pounds,
t ounce, 4 drams, and 3 grains, were not decom-
f:nfed: the operation, therefore, was performed

only on

lib. oz.

05 14 3 69 nffugarl_;,_

dr. gr.

That
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That is to fay, on
b, oz. dr. gt

SIS0 0 45 ﬂfﬂxygen, .
7 10 6 6 of hydregen, and
26 13 ¢ 18 of earben ;

which were {ufficient to form the alcohol, carbonic
-acid and acetous acid produced by the fermentation.
It is not neceflary, therefore, to {fuppofe that the
‘water is decompofed in this operation, unlefs it be
pretended that the oxygen and hydrogen exill in
fugar in the ftate of water. It is more probable that
the three conftituent principles of fugarare in a ftate
of equilibrium with each other, which fubfifts till
it is defttoyed either by a change of temperature, or
by double affinity ; and it is only then that the
principles, combining two and two, form water and
carbonic acid. It muft be obferved alfo, that the
hydrogen and carbon do not exift in the alcohol in
the ftate of oil ; they are there combined with a por-
tion of oxygen, which renders them fufceptible of
mixture with, water, '

1021. In this fermentation the cdrbon of the
fugar divides itfelf into two portions, one of which
combines with the oxygen, to form carbonic acid;
and the other with the hydrogen and water, to form
alcohol ; fo that if thefe two fubftances could be re-
combined, fugar would be re-formed.

Aaj 1012,
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1022. Acetous Fermentation is the acidification of
wine, which takes place in the open air by the ab-
forption of the oxygen of the atmofphere : the re-
{ult 15 acetous acid, known under the name of Vi-
negar. 1t 1s compofed of hydrogen and carbon
combined together, and carried to the ftate of acid
by oxygen; but the.proportions of thefe two prin-
ciples are not yet well known.

1023. Vinegar being an acid, it was concluded,
~{rom analogy, that it contains oxygen ; but this fact
has been alfo proved by direct experiments. 1ft,
‘Wine is not converted into vinegar unlefs when in
contat with the air. 2d, The volume of the air in
which this converfion is effected, becomes diminith-
ed, and this diminution 1s occafioned by the ab-
{orption of the oxygen gas, 3d, Wine may be con-
verted into vinegar if it be oxygenated by any other
‘means whatever.

1024. This affertion is clearly proved by an ex-
periment of Chaptal. Take carbonic acid gas, dif-
engaged from-beer during its fermentation, and fa-
turate water with a volume of it equal to its own;
place this water ina cellar in veflels expofed to the
.air, and at the end of fome time the whole will be
converted into acefous acid. As the carbonic acid
gas of the beer holds in folution a little alcohol, the
water contains all the materials neceffary for forming

acetous acid : the alcohol furmfhes hydrogen and a
portion
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portion of carbon; the carbonic acid furnifhes
carbon and oxygen ; and the air furnifhes the oxy-
gen wanting to carry the mixture to the flate of

acetous acid.

1045, It is here feen that fothing is neceffary
but to add hydrogen to carbonic acid, in order to
conftitute acetous acid, or, in general, vegelable
acid ; and, on the ‘other hand, that we need only
deprive vegetable acids of their hydrogen, to con-
vert them into carbonic acid. This operation, as
may readily be perceived, is much fimpler than has

- hitherto been {uppofed.

1026. Putrid Fermentation is a total decompofi-
tion of fubftances which putrefy. .In this fermenta-
tion, as in the vinous, the phenomena are ef-
feCted, in confequence of affinities very complex.
The conftituent principles here ceafe as effectually
to be in equilibrium, as in the vinous fermentation ;
but the refults of the combinations are very different
from thofe given by the latter. To difcover thefe
refults, the apparatus, fig. 45, ufed for dermining
thofe of vinous fermentation (1014) may be ems
ployed. In the latter, the hydrogen remains united
with a portion of water and carbon, to form alco-
bol (101¢); in putrid fermentation, all the hydro-
gen 18 diffipated under the form of hydrogen gas,
while the oxygen and the carbon efcape in carbonic
acid gas; and nothing remains but a vegetable
carth, mixed with a little carbon and iren.

Aa g 1027. The
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1027. The putrefadtion of vegetables, therefore,
isa complete analyfis of thefe’ fubftarices ; in the
courfe of which, all the principles are difengaged
under the form of gas, except the earth, which forms
what 1s called Mould. Such are the refults when the
fubftance contains only oxygen, hydrogen, carbon,
and a little earth ; and even thefe fubftances, when
alone, ferment badly and with difficulty : a confide-
_rable time is required for tie putrefalion to be

ccmpletc L

InE.S. The cafe, however, is not the fame when
the {ubftance contains azofe, as feveral vegetable
and all animal matters do. Azote tends greatly to
‘pmmhte putrefaction : when azote is prefent it is
‘much f{peedier, and for this reafon, when it is ne-
ceffary to haften putrefation, vegetable and animal
matters are mixed together ; in this mixture confifts
the whole art of making manure. The introduc-
tion of azote not only accelerates the phenomena
but forms ammonia by combining with hydrogen
(376, 380). If the azote be firft {eparated from
thefe fubftances, no more ammonia will be formed ;
for azote is eflential to its compofition, as has been
i:mf.red by Berthollet (238).

‘1029. We fhall fhew hereafter, that combuftible
“bodies are almoft all fufceptible of combining with
each other. Hydrogen gas poflefles this property
in an eminent dégreé: ; it diffolves. carbon, fulphur,

; and
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~and phofphorus ; and this gives rife to three of its
varieties (301, 308, 312). The two firft have 2
peculiar and very difagreeable odour; that of ful-
- phurated hydrogen gas (301) appproaches near to
-that of rotten eggs; that of phofphorized hydrogen
- ofas (308) refembles the fmell of putrid fifh ; and
‘that of ammonia is equally penetrating and difagree=~
-able. It is the combination of thefe odours which
"produces that exceedingly feetid fmell, exhaled
from animal matters in a ftate of putrefaion. Some-
times that of ammonia is the prevailing odour; which
may be eafily known by its affeting the eyes ; fome-
times it is that of {ulphur, or rotten eggs, as is the
cafe with fecal matters ; and fometimes that of phof-
_ phorus, which is fimilar to that of putrid herrings.

- aogo. It fometimes happens that the courfe of
- putrid fermentation is deranged by fome particular
“caufes. ' Fourcroy and Thouret obferved fome pe-
-culiar phenomena in regard to dead bodies buried
‘at a certain depth in the burying-ground of the ci-
devant Innocens, and fecured, in a certain degree,
Arom the contact of the air. They remarked, that
the mufcular part was converted into animal fat:
this was owing to the azote of thefe matters being
difengaged by {ome - particular caufe; {o that no-
‘thing remained but hydrogen and carbon, matters
- proper for producing fat. - Animal dejeions are
compofed chiefly of carbon and hydrogen ; they ap-
proach therefore to the ftate of oil ; and indeed, they
furnith
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furnith that fubfance by diftillation with an 6per
fire ; but the fmell of it is infupportable.

r031. We know, in general, that animal mmat-
ters are compofed of hydrogen, earbon, and azote,
and often with the addition of fulphur and phof-
phorus ; the whole carried to the ftate of an oxide,
by a greater or lefs quantity of oxygen : but with the
. proportions of thefe principles we are abfolutely
unacquainted. It is to be hoped, however, that fu-
ture obfervations will complete this part of chemi-"

cal analyfis.

Of the Phyfical Properties of Fire.

1032. What is vulgarly called Fire, is nothing
elfe than a burning body, the parts of which be-
come difunited, and evaporate into fmoke, flame,.
&c. In the eyes of a philofopher, this combuf-
tion is the effeét of a caufe which long!eluded our
refearches, but of which it can now be faid, that we
have a much better knowledge than we ever had

before.

1033. It is univerfally agreed, that what caafes
combuftion is a real matter, which however muft
be excited before it can exercife its ation ; and
as this matter is capable of affording light, and as
what gives light is capable of burning, it is reafona-~
ble to think that fire and light are the fame fub-

ftances, but differently modified. As the principle
of
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of combuftion, this matter is called Caloric; and,
as the principle of light, it is called Light.%

1034. We fhall firft confider this matter as the
caufe of heat and combuftion, and examine, 1ft,
Its nature : 2d, What are the means of exciting
its altion : . 3d, In what manner this ation is pro-
pagated : 4th, What are its effects on bodies: sth,
What are the means of increafing its action, of di-
minifhing it, or of deftroying it entirely. -

) .Of the Nature of Fire.

1035. The principle offire is a very fubtile, high-
1y rare, and exceedingly elaflic Dody, deftitute of
gravity, dffperﬁ:d throughout the whole univerle ;
which when in a ftate of fréeedom, tends to put itfelf
everywhere in equilibrium; and which has been {uc-
ceflively known by the names of Inflammable Prin-
ciple, Principle of Heat, Matter of Heat, Matter
of Fire, and by the moderns called Caloric.

1036. This fluid penetrates and pervades all bo-
dies, even the hardeft; it combines with feveral of
them (359) ;'and it tends to diffufe itfelf in an uni-
form manner. When alone, it is fufficient to heat
bodies ; but in' that ftate it is not {ufficient to burn’
them : to produce this effe®, it muft be affifted by

* By fome the Latin term Lwmen is preferred. Traxs.

another,
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another fluid, which is pure air ; but even the con-
currence of thefe two fluids would be infufficient,

were not their aftion excited by fome artificial
means.

1037. The matter of fire 1s fixed and unaltera-
ble. It is fo fluid, that it never ceafts to be in that
ftate, unlefls it combines with certain bodies. It is
~even the chief caufe of the fluidity of bodies: it is
by its attion that their parts feparate from each
other, lofe their adhefion, and acquire that refpec-
tive mobility in which their fluidity confifts. On
the other hand, it is by the decreafe of its aétion,
“or by its abfence, that the parts approach each other,
adhere together, and refume the confiftence they
before poffefled. It may even be faid, that the mat-
ter of heat is the only fubftance fluid per fe; and
that if a fubftance of this kind did not counterack
the general tendency which all the parts of matter
have towards each other, they wuuld all unite fo as
to form one folid.

1038. The matter of fire is capable of attacking
the hardeft bodies : ndthing can refift ic; and yet it
refifts every thing. It may be confidered as an uni-
verfal folvent; and this forms an effential diftine-
tion between it and all other {ubftances.

1039. The matter of fire is everywhere prefent ;
it penetrates all bodies ; it exlﬁs in the earth which

we mhabu, in the air we brf.:ath-s, in the food with
which
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which we are nourifhed, and even in ourfelves ; and
though it 1s capable of confuming every thing, as
its a&ion is never fufficiently ftrong to produce com-
buftion (1016) inftead of hurting us, it contributes
to preferve our exiftence. It forms a part of the
fluid which we breathe (89); and it is almolt the
only portion of that fluid which ferves to maintain
life (98),

1040. The matter of fire or ¢aloric can exift in
bodies in two different ftates: in that of combina-
tion, and that of freedom (16): in the former,
caloric excites no hear {enfible to our organs; but
in the ftate of freedom, 1t excites heat which 1is
ftronger in proportion as it is more abundant.

1041, At an equal temperature, different bodies
do not contain, under the fame volume, ‘an equal
quantity of combined caloric; and in this refpet
there are differences between them, befides that of
their denfities. Attempts have been made to mea-
fure the quaptty of caloric which the different
kinds of bodies are capable of containing ; and on
this fubjett Lavoifier and Laplace made feveral
ingenious experiments.* To have a proper, con-
ception of them, it muft be obferved, that when the
caloric combined in a body is rendered free, it pro-
duces a {tronger degree of fenfible heat in propor-

* Memoires de I’ Acad. des Scienccs 1780, p. 355,

rion



366 PHYSICAL PRINCIPLES

tion as the quantity difengaged is greater. It is this
quantity of caloric, combined in a bedy, that is
called Specific Calorie. To meafure it, the body
muft be put into a veflel deftined for that purpofe,
Jig. 46, and which we fhall defcribe hereafter. . This
veflel muft be placed within another filled with
ice, and be fecured from the heat of the atmo-
_ {phere by a third veflel -containing ice alfo. The
caloric difengaged from the body {ubjetted to ex-
periment, caufes a part of the ice in the fecond
veflel to'mels; by. combining with it, and confe-
quently without adding any thing to its tempera.
ture (1040) : this portion of melted ice flows into
a veflel F, placed below the inftrument. Asthe
quantity of caloric which ought to combine with
‘ice, in order to caule it to melt, and to keep wa-
ter in the liquid ftate is known, the quantity of ice
melted, will therefore denote the quantity of calo-
ric difengaged from the body fubjetted to experi-
ment ; which will determine its fpecific caloric.

ro42. It refults from what has been faid (1041)
that during the tranfition of a body from the folid
‘to the fluid ftate, a deal of caloric 1s abforbed by
4ts combination with that body ; and hence the rea-
fon why at the time of a thaw the cold is fill very
fenfible. The fame thing takes place during the
“tranfition from the fluid ftate to that of vapour; and
it is on this account that, when any {ubftance eva-
porates from the furface of a body, it always cools

1.
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it. On theother hand, during the paflage of a body
from the flate of vapour to that of fluid, there is
always a difengagement of caloric, accompanied
with heat ; and the cafe is the fame during the tran.
fition of a body from the fluid to the folid flate.

1043. In any combination or change of flate,
therefore, if there be a diminution of fenfible beat,
thar heat will re-appear entire when the fubftances re-
turn to their former fiare ; and reciprocally in the
change of ftates, if there be an augmentation of
fenfible heat, this new heat will difappear when the
fubftances return to their primitive ftate. This prin.
ciple is confirmed by the experiments of Lavoifier
and Laplace, by whom it has been generalized and
extended in the following manner, to all the pheno-
mena of heat : Al the variations of heat, either real
or apparent, experienced by a fiyftem of bodies in @
Jlate of change, are reproduced in an inverfe order,
when the fiftem returns tq ils former flate.

- Of the Means by which the Aéhion of Heat
1044. There are three principal ways of ex-
citing the aion of heat: thefe ways are, 1ft, By
the elifion or fri¢tion of folid bodies ; 2d, Fermen~
tation and effervefcence; 3d, Bymzmngthe

folar rays,
1045. Firfh
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1045. Firft way. The elifion or friction of folid
bodies, is the method moft frequently em ployed to ex-
cite the action of fire : itis fo common that every one
15 acquainted with it. It is well known that fire may
be kindled by firiking a piece of fteel againft a hard
ftone ; and it i1s known alfo, that a body which is
ftruck, or rubbed, becomes hot, and {fometimes to
fuch a degree, as tofparkle or inflame. We have
inftances of this in the fhodding of wheels, which
firikes fire from the pavement ; in axle-trees, which
take fire by the friction they experience againft the
nave of the wheel ; and thefe effects are greater ac-
cording as the duration of the thocks or friftion is
more confiderable, and according as the bodies {ub-
jected to them are harder or more tenacious ; for a
plate of fteel may be made red hot by repearted ftrokes
on an anvil, which would never be the cafe with a
picce of lead. |

1046. Second way. Fermentation and effervef-
cence produce heat, which fometimes proceeds to
inflammation. If an acid be poured into an alkali,
it excites an effervelcence, which produces fenfi-
ble heat. If fulphuric acid, well dephlegmated, be
mixed with water, it producesa very ftrong heat,
which heats the veflel to fuch a degree; that the
hand can no longer be kept on 1t.  1f an acid highly
concentrated, fuch as nitric acid well dephlegmated,
be poured upon oil, the fermentation is fometimes
fo ftrong, that it immediately inflames. <All thefe

R s effes
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effedts are produced in confequence of the friction
occafioned by the mutual penetration of the two
fubflancés into the pores of each other, which roufes
the free caloric lodged in them. Hence arifes the
heat which is perceived; and if it be very great, a
combination with the oxygen of the air takes place,
and the refult is inflammation.

1c4y. Third way. The folar rays heat bodies
expofed to them. Thefe rays are certainly com-
pofed of the matter of fire, excited and put in
attion by the fun (1033). This matter infinuates
itfelf between the particles of bodies, and adds to
the quantity they before contained ; and hence the
heat which is perceived.

1048. This degre¢ of heat is always much in«
ferior to that neceflary for combuftion ; but thefe
rays, by being concentrated, are capable of fufing or
burning fufible or combuftible bodies on which
they ate thrown : this effe¢t may be produced dif-
ferent ways. Thefe rays may be collefted in great
number on a very {mall {pace by a lens or a concave
mirror ; and by thefe means a very ftrong heat,
capable of fufing or burning bodies, may be ex-
cited *,

* See my Principes de Phyfique, art. 1252 et feq. and art. 1355

et Jeqs
Bb of



370 PHYSICAL PRINCIPLES

Of the Manner in which the Afion of Fire
s propagated.

1049. The aftion of fire in bodies is propagated
two ways : 1it, It excites in them only a flight in-
teftine motion, which produces an augmentation of"
heat that. dilates the heated body, and increafes its
volume. The body, by means of the hear com-
~municated to it, becomes then hotrer and larger than
it was before. Such is the cafe with a cold body
placed near one that 1s hot: 2d, This attion of
fire agitates fo much the matter of the body expofed
to it, that it difunites its molecule, and often diffi-
pates them in flame and in fmoke, as is the cafe
with a bitof wood placed on burning coals.

1050. In the firft cale, where there is only a com-
munication of heat, every thing feems to take place
according ‘to known laws: the heat acquired by a
body, is loft by that which communicates it : the
firt becomes hotter than it was, and the other lefs
hot ; and this variation continues till the two bodies
have acquired an equal temperature. In the fame
manner, a body to which a certain quantity of mo-
tion has been communicated, gradually lofes i,
in proportion as it communicates it to other bo-
dies. |

' 1051. The
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‘1og1. The fecond cafe, however, that where the
heat is carried to inflammation, is different : the
action of the heat is then propagated with increafing
force ; its effects always become greater in propor-
tion as it acts on a larger quantity of matter. In a
word, a fpark becomes a conflagration. To have
a proper conception of the reafon of this fingular
phenomenon, the reader muft recollect what has
been already faid (46) that caloric, when in com-
bination with any body, gives no fenfible heat ; but
the heat becomes ftronger and its effeéts more rapid,
according as the quantity of caloric rendered free is
greater.  What is it then that furnifthes this large
quantity of free caloric during the combuftion of
bodies ? 4

ro52. Bodies cannot burn except when in cons
tact with pureair, or oxygen gas ( 1o0c) becaufe com-
~ buftion confifts in the combination of the bafe of
that air called Oxygen, with the combuftible body
(92); but pure air contains a great quantity of
caloric combined with its bafe (8¢g). When its
oxygen then combines with the burning body, its
caloric aflumes the free {tate, and unites itfelf to that
which occafioned the commencement of the com-
buftion ; for it is neceflary that the combuftion
fhould be begun by fome of the means already in-
dicated (1044 e feq.) hence there refults an aug-
mentation of heat, and this augmentation difpofes
a greater number of the particles of the combuftible
Bba2 body
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fince combuftion, properly fo called, cannot be ef-
fected without a difengagement of light and caloric.

1035 5. The prefent ftate of nature is a {tate of equi-
librium, to which it could not attain till all the {pon-
taneous combuftions poffible, at our common tem-
perature, had taken place. There can be no new
combuftions, therefore, till this ftate of equilibrivm
be deftroyed, and the combuftible fubftances have
attained to a higher temperature. Let us illuftrate
this factt by a {uppofition.

1056. If the common temperature of the earth
fhould become higher than it is at pn‘:ff:ﬁt, for ex-
ample, equal to that of boiling water, as phofphorus
is combuftible at a much lefs degree, it would no
longer exift in the ftate of pure and fimple phofpho-
rus, but would always prefent itfelf under the form
of an acid ; that is to fay, as much oxygenated as
it is poffible for it to be, and its radical would bg
among the number of the unknown fubftances ; be-
caufe it could not be obtained alone and feparated
from its oxygen. The cafe would be fucceffively
the fame with all combuftible bodies, if the tempe-
rature of the earth thould be raifed higher than it is
at prefent, and a temperature would at length take
place, at which all combuftions would be entirely ex-
haufted; atwhich no combuftible bodies could exift;
at which they would all be oxygenated as much as

Bbg they
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they could be ; at which they would all be incapable

of combining with new oxygen, and confequentiy
would all be incombuftible.

105%. There can, therefore, be no bodies com-
buftible to us but thofe which are incombuftible at
our temperature; confequently, to render them
combuftible, their temperature muft be raifed,
When they have attained to the neceflary tempera-
ture, combuftion commences ; and the caloric, dif-
engaged by the decompofition of the pure air or
oxygen gas, maintains the temperature necefiary for
continuing it. If the caloric difengaged is not {uf-
ficient for that purpole, the combuftion ceafes.

1058, In compound diftillation (1083) as well
as in combuftion, there is a {eparation of a part of
the principles of the body fubjedled to it, and a
combination of the fame principles in another order :
but in combuftion, fomething more takes place :
there is an addition of a new principle which is
oxygen, and the diffipation of another principle,
which 1s caloric.

1059. The neceflity of employing oxygen in a
Ttate of gas, and of accurately determining the
quantities, renders it very difficult to make corret
experiments in regard to combuftion. What fill .
increafes the difficulty is, that the produds fur-
nifhed by the combuftion are almoft always difen-

engaged
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gaged. in- the ftate of gas ; and it is exceedingly
difficult to retain them all : great precaution and
particular kinds of apparatus are neceflary for that
purpofe,

1060. During every combuftion, therefore, pure
air or oxygen 1s decompofed ; caloric 1s difengaged
and rendered free, and heat is produced; but a
heat of greater or lefs {trength, according to the na-
ture of the burning body; for, according to the
experiments of Lavoifier and Laplace *, one ounce
of charcoal in burning confumes 303 7% cubic inches
of pure air, and forms about 3021+1 cubic inches
of carbonic acid gas. This ounce of charcoal con-
fumes, therefore, 3 ounces, 4 drams, 22 grains of
pure air (94) and forms g ounces, 5 drams, and
11,6045 grains of carbonic acid gas (222); from
which it follows, thatan ounce of charcoal furnifhes
1 dram, 89145 grains of carbon, or a little lefs than
7 of its weight. But as the combination of pure
air or oxygen with carbon forms here a new elaftic
fluid, by combining with a portion of caloric, little
heat is produced ; whereas the heat difengaged
from pure air, when its bafe combines with in-
flamed phofphorus, is hearly 21 times as great as
when this pure air is converted inta carbonic acid
gas; for in the firft of thefe cafes this heat can dif-
folve 4 pounds, 4 ounces, and about g drams of

* Memoires de I’ Acad. des Sciences, 1780, p. 397.
Bbg ice;
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ice; and in the fecond it can diffolve only 24
ounces, 4 drams.

1061. Combuftible bodies, therefare, are thofe
which have more affinity for oxygen than oxygen
has for caloric ; and the greater this athinity, or the
tendency of thefe bodies to combine with oxygen,
the more combuftible are the bodies. It is not
then, as before believed, caloric already combined
with thefe bodies that renders them combuftible ; it
is even very probable that the greater part of the
~moft eombuftible bodies, f{uch as fulphur and
phofphorus, contain very little or none of it.

1c62. Lavoifier an;Laplacc make, on this fub-
ject, the following important refle¢tion * : Almoft
all bodies can exift in three different ftates, either
under the folid form, the liquid form, that is to fay,
fufed, or under the form of elaftic fluid : thefe
three ftates depend only on the greater or lefs quan-
tity of caloric which pervades thefe bodies, or with
which they are combined. Fluidity and elafticity
prove that, calotic is prefent in abundance; while
folidity and compactnefs prove its abfence. | As 1t
is proved that aeriform fubfances contain a large
~ quantity of combined caloric, it is probable that
folid bodies contain very little.

* Memoires de I' Academie des Sciences, 1777, p. 598.
: :

5}5 ff‘yfc
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Specific Caloric of Bodies.

1063. We have already faid (1041) that, at
equal temperaiures, different bodies do not con-
tain under the fame volume an equal quantity of
combined caloric; and that ‘it is this quantity of
combined caloric which has been called the Specific
Caloric of bodies. To meafure ir, Lavoifier and
Laplace made ufe of an apparatus (fig. 46) to
which they gave the name of Calorimeter. This
apparatus confifts of a veflel having three divifions,
viz. an interior £ £ f fff (fig. 47, which reprefents a
vertical [e€tion of the veflel) a middle one b 4 5 5 5,
and an external one @ @@ @ a a. The internal di-
vifion is formed of iron-wire L M (/. 48) and
may be clofed by means of a cover G H: in this
divifion the body fubjected to experiment is placed.
Fig. 49 reprefents a tranfverfal {eftion of the calo-
rimeter ; and the interior divifion 1s feen at ffff.
The middle divifion 2 6 b5 (fig. 47 and 49) is def-
tined for containing the ice which muft be placed
round the internal divifion, and which is to be
melted by the caloric difengaged from the body
fubjelted to experiment. This ice is fupported by
a grate m m (fig. 47 and 50) below whichis a
ftrainer n % (fig. 51). In proportion as the ice is
difiolved by the caloric difengaged from the body
placed in the interior divifion, the water flows

through



378 PHYSICAL PRINCIPLES

through the grate and the ftrainer, and running
down the cone ¢ ¢ d (fig. 47) and the tube x y is
collected in the veffel F, placed below to receive it
(Fig- 46) : uisa cock (fig. 47) by means of which
the flowing of the water from the middle divifion
may be ftopped at pleafure. In the laft place, the
exterior divifion @ g @ aa a(fig. 47 and4g) is for re-
cewving the ice, deftined to prevent the effect of the
external heat on the ice of the middle divifion, The
water produced by the melting of the ice in the
exterior divifion, runs through the tube 3 T (fig. 47)
which may be opened or fhut by the cock . Dur-
ing the experiment the calorimeter is clofed by
the cover FF (fig. 52 ) which has 1ts edges elevat-
ed that it may contain ice, intended to perform the
fame office as that in the interior divifion. With
this apparatus the quantity of caloric difengaged
from a body which cools, or from a living body,
or that even difengaged during the combuftion of
in}r fubftance, may be eafily determined. Thefe
experiments ought to be made only during cool
weather ; at a time when the temperature of the ex-
ternal air is about 39 or 40 degrees above zero.

" 1064, If it were required to meafure the fpecific
caloric of a{olid body, its temperature ought to. be
raifed, for example, to 212 degrees; it muft then
be put into the calorimeter, and {uffered to remain
there till its temperature be reduced to 32° By
then weighing the water which has flowed into the

veflel
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veflel F (fig. 46) the quantity of ice diffolved
ducing the cooling may be determined. To havea
known term of comparifon, it muft be obferved, thae
1 pound of water at 167 degrees of heat, will diflolve
a pound of ice (332). To determine the {pecific ca-
loric of the body, the quantity of ice diffolved
muft be diviled by the weight of the body, expref-
{ed in parts of a pound, multiplied by the number
of degrees which its temperature has been raifed
above 32° : the quotient will indicate the quan-
tity of ice which a pound of that body can ditlolve
in cooling 1 degree of F. 1If this quotient be then
multiplied by 167, the product will be the quantity
of ice which a pound of that body, heated 10 169
degrees, can diffolve in cooling te, g2°. This
will be the value of s jpecific calorie. Another me-
thod may be employed, which will give exactly the
fame reinle. If we fuppofe, as above, that the:
temperature of the folid body has been rdifed to 212
- degrees, we (hall have the following proportion:
As 212 degrees, the temperature of the folid, 1s to
the quantty of ice diflolved, fo is 167 degrees to x.
This term #, divided by the weight,of the folid, will
indicate how much caloric each pound of the folid
can furnifh, or what quantity of ice it can diffolve ;
and this will be the value of its fpecific caloric.

10635. If the body, the fpecific caloric of which
1s required, be a fluid, it muft be put into fome
veflel, the fpecific caloric of which has been pre-

' vioufly
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vioufly determined.  The procefs is the fame as that
above deferibed (1064) ; but care muft be taken to
deduét from the quantity of ice diffolved, that which
arifes from the cooling of the veflel,

- 1066. If the quantity of caloric which difengages
wtfelf from the combination of feveral {ubftances be
sequired, they muft be all reduced to the tempera-
ture .of 32°; they are then to be mixed together in
the interior part of the calorimeter, and to be left
there till they return to the term of 32° The
quantity of ice diffolved will indicate the guantity
of caleric difengaged during the combinatien.

1067. When bodies in a ftate of .combultion, or
hiving bodies, are fubjeted to trial, the operation 1s
the fame, except that frefh air muft be introduced
mto the calorimeter ; that this air when it arrives
fhall be at the temperature of 32°; and that it be
at the fame when it iffues from it, in order to avoidt
error in the refult : for this purpofe, when it enters
and iffues from the veflel, it muft be made to pafs
through tubes furrounded with pounded ice.

5 Ak

1068. Talle
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Brals o — ‘1123
o Jron - — +1269
Ruft of iron —_ *2 500
Lead — — ‘0352
- Yellow oxide of lead —— ‘0680
Tin — — 0704
White oxide of tin —— 0990
Zinc ey — '0043
Antmony - ‘0645
‘Walhed diaphoretic antimony <227z
Atmofpheric air - 17900
Vil air — 417490
Azotic gas -— 7936
Carbonic acid gas = — 1°0454
Hydrogen gas 28 21°4000

1069. Lavoifier and Laplace, after fome very
accurate experiments, determined the quantity of
caloric ‘difengaged during the combuftion of phof-
phorus, hydrogen gas, and carbon, by the quantity
of ice which each of thefe fubftances during its
combuftion was able to diffolve ; and this denotes
the degrees of heat which each is capable of ex-
citing: -

10%6. The combuftion of phofphorus furnithes a
concrete acid, in which it is propable there remains
little combined caloric : this combuftion, therefore,
affords a method of deterinining very nearly the
quantity of combined taloric ¢ontained in oxygen

g4as.
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gas. By the combuftion of one pound of phofphas
rus, there is employed and abforbed, 1§ pound of
oxygen, and there are formed 2§ pounds of concrete
phofphoric acid ; the caloric, difengaged during
this combuftion and furnithed by the oxygen. gas,
caufes 100 pounds of ice to diffolve, and confes
quently excites 15532 degrees of heat. To form
one pound of oxygen gas, requires 18432 cubic
inches, or 102 cubic feet ; for each cubic foot weighs
$ grain (98): one pound therefore, or 10% cubic -
feet of oxygen gas, can furnith a quantity of calo-
ric capable of exciting go32 degrees of heat, and
of diffolving 6€% pounds of ice. Hence 1t refults,
that one cubic foot of oxygen gas can furnifh &
quantity of -caloric, capable of exciting above 876
degrees of heat, and of diffolving 6 pounds 4
ounces of ice, v

1091. The'combuftion of one pound of hydrogen
gas caules” to diffolve 295 pounds, 9. ounces, 3
drams, and 36 grains of ice. To make one pound
of hydrogen gas, requires 249081 cubic inches, or
144 cubic feet, and 249 cubic inches; fince each
cubic inch weighs only 37 thoufandth parts of a
grain (293). To burn this quantity of hydrogen
gas, 5 pounds, 10 ownces, 5 drams, and 24 grains
of oxygen gas are employed and abforbed.. To
form this weight of oxygen gas, 104448 cubic
inches, or 6o cubic feet, and 768 cubic inches, are
neceflary,  The refult of this combuftion is 61440

grains,
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graig‘;, or' 6/pounds, 10.0unces, gdrams, and 24
grains of watcr. The's pounds, 10 ounces, 5 drams,
and 24 grains of oxygen gas, abforbed during the
experiment, could furnilh a quantity of caloric ca-
pable of exciting 510319 degrees of heat, which
could diflolve 377 pounds, 12 ounces, 3 drams, 40
grainsof ice. There were employed, howsver, only
39936°578g degrees of heat, which diffolved 295
pounds, ¢ ounces, 3 drams, and 36 grains of 1ce 3
confequently, there remained a quantity of caloric,
eapable of producing 110953541 degrees of heat,
which would have diflolved 82 pounds, 3 ounces,
and 4 grains of ice, and which excited no
heat. The reafon of this is, that the oxygen by
combining with the bydrogen to form water, retains
a portion of its caloric: 1ft, To keép the water
in a ftate of liquidity: 2d, Becaufe water at the
temperature of ice, or even in the ftate of ice, fiill
contains a great deal of calori¢, witheut reckoning
that which 1t borrows from the hydrogen gas, and
of which the quantity is not known. It is afferted
that a pound of water, at the temperature of ice,
ftill contains enough of caloric to excite about
1665 degrees of heat.

1672. In the combuftion of one pound of
charcoal, therc were employed and abforbed 47396
cubic inches, or 27 cubic feet, 740 cubic inches
of oxygen gas, which weighed 23698 grains, or 2

pounds, g ounces, 1 dram, 10 grains 3 and the re-
{ule
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fult was 47358 cubic inches, or 27 cubic feet, 702
cubic inches of  carbonic acid gas, which weighed
32914 grains, or 3 pounds, g ounces, T dram, and
10 grains, The 2 pounds, ¢ ounces, 1 dram, and
10 grains of oxygen gas, which were abforbed
during the experiment, could have furnifhed a
quantity of caloric capable of exciting 2314257
degrees of heat, which would have diffolved 171
pounds, 6 ounces, 6 drams, and 42 grains of ice:
the degrees of heat employed, however, were only
13027°5, which diffolved .96 pounds, 8 ounces of
ice ; confequently there remained a quantity of calo-
ric, capable of producing 10115%07 degrees of heat,
which could have diffolved 74 pounds, ‘14 ounces,
6 drams, and 42 grains of ice; but which excited
no heat, becaufe this caloric combined with the
carbonic acid formed, in order to reduce it to the
ftate of gas, By what has been here faid, it is feen
that each pound of oxygen gas furnifthes by thé com-
buftion of charcoal, 1ft, A quantity of caloric, ca-
pableof exciting 5066-311 degrees of heat, which-
can diffolve 37 pounds, 8 ounces, 3 drams, and 44
grains of ice: 2d, Another quantity 'of caloric
which combines with the carbonic acid to bring
it to the ftate of gas, and which would excite
39336839 degrees of hear, and diffolve 29 pounds,
2 ounces, 1 ‘dram, and s2 grains of ice. This
fhews that one pound .of carbonic acid gas, com-
pofed of 7 cubic feet, and 1164 cubic inches, con-

Ce tains
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tains a quantity of caloric capable of exciting
2832'246 degrees of hear, which could diflolve
20 pounds, 15 ounces, 5 drams, and 28 grains of
ice; and that one cubic foot of carbanic acid gas,
contains a quantity of caloric capable of exciting
3697089 degrees of heat, which could diffolve 2
pounds, 11 ounces, 5 drams, and 68 grains of ice.

Oxidation of Metals.

1073. YThe oxtdation of metals is a real combufti-
on; forit isa combination of the metal with oxygen
(1052). The oxidation of metals therefore is an
operation, by which, when long expofed to a cer-
tain degree of heat, they are ;qnverteﬂ Inio owides,
by abforbing the oxygen of the air. This combina-
t1 ontakes place, becaufe at a certain degree of heat,
oxygen has more aflinity for mertals than for calo-
ric; and when it 1s effected in oxygen gas alone,
the difengagement of caloric is exceedingly rapid,
and is often accompanied with heat and light ; which
proves that metallic {ubftances are real combuftible
bodies: we muft however exeept gold, filver, and
platina, which cannot take oxygen from caloric,
let the degree of heat be what 1t may. The other
metals become charged with a greater or lefs quan-
tity, until the oxygen is in equlibrium between the
force of the calgric that retains, and that of the me-
tal which attracs it. This equilibrium is a general
law of nature 10 all combinations,

| 1074 In
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1074. In every oxidation there is an increafe of
the weight of the oxidated metal. Chemifts were
long at a lofs how te account for this increafe of
weight ; and the caufe was not difcovered till they
began to operate in clofe veffels, and in known quan-
tities of air : they were then convinced that the ex-
cefs of weight in oxidated metals, arifes from the
oxygen combined with the metal. Mercury, which
when oxidated, may be revived without any addi-
tion, 1s exceedingly proper for proving it ; for when
revived, it gives up the oxygen which had been
combined with it, and lofes the weight 1t acquired
by its oxidation.

1075. Thofe who are defirous of extracting the
oxygen from thefe oxides, are not equally fuccefl
ful with them all. Some do not give it up without
the addition of charcoal ; and in that cafe the oxygen.
gas obtained is confiderably mixed. Mercury fur-
nifhes it without any addition; and it begins to pafs
off when the crucible becomes red. According
to Berthollet, an obfcure heat is not fufficient ; light
he fays is neceffary to obtain oxygen gas; which
feems to prove that light is one of its conftituent
priaciples.

1076, Oxygen gas may be extratted alfo from
black oxide of manganefe, and from the nitrate of
potath or faltpetre; but a degree of heat almoft
equal at leaft to that which foftens glafs will be ne-

Ct'2 ceflary ;
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at prefentiic is called Sulphurer. The fecond com-
bination, or that of phofphorus, 1s called Pho/
phuret; and the third, or that of charcoal;, Carburet.

1079. Hydrogen, that fubftance fo highly com-
buftible, combines alfo in the ftate of gas with feveral
combuftible fubftances: it \liffolves fulphur, phof-
phorus, and carbon, and forms thofe varieties of hy-
drogen gas, of which we have already {poken (301,
308, 312). Itis to the emanation of {ulphurated
" hydrogen gas that the feetid odour of animal dejec-
tions is principally owing. Pho{phorized hydrogen
gas inflames {pontaneoufly by the mere contaé of the
air, or rather by the contalt of oxygen gas. This
phnfphﬂnzf:ci hydrogen gas has the f{mell of putrid
fith 3 and 1t is probable that a gas of this klnd is ex-
haled frum fith in a ftate of putridity.

_ 1080. H}fdmgr:n which has not been carried to
the ftate of gas by caloric, and which combines with
carbon, forms oil, volatile or fixed, according to
the proportions of the hydrogen and carbon. 1f
the hydrogen and ca bon are mixed in equal pro-
portions, it 1s volatile ; if there be an excefs of car-
bon, it is fixed : this excels of carbon, when the oil
is expofed to a heat greater than that of boiling wa-
ter, may be feparated from 1 11: Volatle oils, how-
ever, are not decompofed by this degree of heat, but
they combine with caloric and form gas; and it is -

C c3 in
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in this flate that they pafs over in diftillation #, A
proot that oils are compofed of hydrogen and car-
bon is, that the fixed oils, by burning in oxygen
gas, are converted into water and carbonic acid;
and it is found, that in 100 parts there are 21 of hy-
drogen and 7y of carbon.

Of Difiillation.

1081. There are two kinds of diftillation, fimple
diftillation and compound diftillation, We fhall
firft treat of imple diftillation.

1082. When two fubftances are fubje@ed to dif-
tillation, one of which has more affinity for caloric
than the other, the object is to feparate them. The
~ volatile afflumes the form of gas; it is then con-
denfed by cooling in an apparatus proper for that
purpofe : in fimple diftillation, therefore, as in eva-
poration, nothing is decompofed. In evaporation
the objeét is to collett the fixed produ& without
paying attention to the volatile part; but in dif-
tillation the contrary is the cafe; the volatile part
being that c¢hiefly colle&ted, unlefs it be neceflary to
preferve both.  Simple diftillation, therefore, is no-
thing elfe than evaporation in clofe veffels; and
one is often obliged to lofe a part of the volatile

# See a Memoir of Laﬁ'il:liﬁt:r in the Menmnires de PAcad. des
8¢ciences, 1784, p. 593.,
{ubftances,
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fubftances, efpecially thofe which remain conftantly-
in the ftate of gas; and which, if not f{uffered to
efcape, might break the vefels; fo that, in this
diftillation, all the produéts are not known, nor is
it poffible to know them. The fimplelt apparatus
for this kind ef diftillation, is a retort A (fig. §4)
to the beak of which D is adapted, and fecured
with luting a receiver E, deftined to collet and
condenfe the products: The retort A is placedin
a reverberating furnace M N O P (fig. 54) or in
a fand-bath, under a covering of baked clay, as
{een fig. 55. That the vapours which might burft
the veffel may efcape; & fmall hole T (fg. 53) is
made in the receiver E. On account of the fragi-
lity of glafs, veflels for diftillation are made alfo of
metal, An apparatus of this kind confifts of a cu-
curbite A (fig. 56 and 57) of tinned copper; in
which may be adjufted at pleafure a tin balneum
marie D (fg. 58) with a capital or cover F (fig.
56 and 57) having attached to it a cooler § S, that
the vapours may be condenfed by means of cold
water placed around it.  'When this water becomes
hot, 1t 15 {uffered to efcape by the cock R ; and its
place is {upplied by cold water. If the vapours dre
of a very expanfible nature, and any apprehenfion
be entertained that they may not be condenfed foon
enough, inftead of receiving them direétly from the
beak T V of thealembic in the receiver; aworm (7.
59) which confifls of a {piral pewter tube, is inters
pofed between them, and placed in a veffel of tinned

Ccd copper
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copper B C D E, which is kept full of water that
muft be changed when it becomes hot. In diftil-
lation, when the condenfed fubftance attaches itfelf
to the neck of the retort, it is called Sublimation.
Hence the expreflions fublimation of fulphur, —-—ﬁ:i'
lLimation of the il tate of ammonia, &c.

1'::83. In fimple diftillation (1082) the fubftance
diftilled is firft reduced to gas by its combination
with caloric; but this caloric: afterwards depofits
1itfelf either in the refrigevatory orin the worm ; and
the fubftance refumes its ftate ‘of liquidity. The
cafe, however, 1s not the {fame in compound diftil-
lation : by this procefs there is'an abfolute decom-
pofition of the matter {ubjected to diftillation: one
portion, fuch as the charcoal, remains fixed in the
- retort, while the whole of the reft is reduced into
gas of different kinds. Some of thefe are fufcepti-
ble of condenfation by cooling, and of re-appearing
under the concrete or liquid form : others remain
conftantly in the aeriform ftate : {fome of them are
capable of being abforbed by water, others by alka-
lies ; and fome of them cannot be abforbed by any
fubftance whatever,  To retain and feparate all
thefe products, the diftilbng-apparatus, above de-
fcribed (1078) is not {ufficient = one more complex -
is required.. The following, invented by Lavoi-
fier, contains every thing neceflary for the moft
complex diftillations A (fig. 44 )1s a glafs retort, hav-
ing a'tubulureat H, the beak of which B.can' be
Lol adjufted



OF CHEMISTRY. 393

adjufted 'to'a double tubulated balloon G C. To
the upper' tubulure of this balloon DD, 1s fitted-a
glais tube D Ef, the extremity of which is con-
veyed into the liquor contained in the flafk' L.
With the flatk L, which has three tubulures x 2 ,
are connected three other flafks L L” L, which alfo
have each 'three tubulures &/ a'#’, a”a” oy & & 2"
each flatk is conne@ed with the preceding by a
glafs rube a y 3, &'y 2,47 y" 2", and to the third
tubulure of the flalk L. is adapted a glafs tube
4 R M, conveyed under a glafs bell placed on the
fhelf A B C D (fig- 6) of a pneumatic tube filled
with water. = A known weight of diftilled water is
generally put into the firft flafk L (fig. 44) ;and
into the other three cauftic potath diluted with
water. - The weight of thefe flatks, as well as that
ok fhémums contained in them, muft be accurately
afcertained and m.;al:t:d down. When every thing
is thus arranged, the joinings muft be well:.luted.
Sometimes there are certain circumftances which
occafion a re-abforption of the gas; and, in this
cafe, that there may be no danger of the water in
the pneumatic tub'(fig. 6) entering rapidly into the
flafks through' thertube & R M (7. 44) to one of

the tubulures of each flatk is adapted a capillary
cube s £, 5 £, §'¢, 5 £, the extremity of which muft
be immerfed in the liquor of the flafks. If abforp-
tion takes place, either in the retort ‘or "the flatks,
the external air, which fills the ¥acuum occafioned
by the abforption, enters through thefe tubes, and

no
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no water enters into the flatks: no inconveriience
attends this part of the apparatus, but a {mall mix-
ture of common air in the produéts; which, hows
ever, makes no material change in the refults.

1084, When a fire has been made under the
retort A (fig. 14) and the fubftance it contains
begins to be decompofed, the leaft volatile of the
produéts will be condenfed and fublimated in the
neck of the retort: and it is there chiefly that the
concrete fubftances may be collefted ; the moft
volatile matters, fuch as the light oils, ammomia,
&c. will be condenfed in the balloon GC. On
the other hand, the gas, which cannot be condenfed
by cold, will bubble through the liquors contained
in the four flafks : every thing capable of being ab-
forbed by the water will remain in the flatk L :
every thing fufceptible of being abfoibed by the
alkali, will remain in the flatks L., L., L.”; and the
gas which cannot be abforbed neither by the water nor
the alkalies, muft efcape through the tube ™ R M,
at the extremity of which they may be collefted in
glafs-bells. In the laft place, the charcoal and earth
being abfolutely fixed, muft remain in the retort.
It will be an evident proof of the correctnefs of
thefe refults, if the weight of all the products be
found equal to the weight of every thing put at
firft 10to the retort.

of
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Of the Eﬁ*fﬂ produced on Bodies by Fire.

1085. The principal effects produced on bodies
by fire are, 1ft, That they are dilated: 2d, That
they pafs from the folid to the fluid ftate : 3d, That
they are converted 1nto vapour.

1086. Firff Effec? of Heat on Bodies. The firft
change which takes place in a body expofed to the
action of the matter of fire or of caloric, i3, that its
mafs 1s dilated and 1ts volume augmented. This
effect 1s {o general, that it may be confidered as a
diftinguifhing charaéer of fire or caloric. All bo-
dies therefore are larger during the warm feafons
than during the cold: a table cither of marble or
wood, &c. 1s larger in fummer than in winter ; this
may be eafily proved by meafuring it in the two
feafons, provided that the inftrument employed be
not of the fame fubftance as the table, for in that
cafe it would be fubject to the fame increafe or de-
creafe of its dimenfions.

1087. The volume of all bodies is increafed by
heat, but they do not all increafe in the fame ra-
tio, nor at the fame degree. Brafs expands more
than fteel in the proportion of 775 to 474, orof 121
to 74. This difference is employed to correct the
effects produced by heat on the balance of time-
pieces.

1088. Li.
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they do not all fufe equally {oon, nor at the fame de-
gree of heat : a greater degree is required to melt
wax than to melt butter; a {till greater is required
to fufe metals ; and fome require more than others,
Tin and lead fufe long before they become red ;
copper and iron are in a:{_’cate of ignition long be-
fore they fufe; platina does not fufe but at a very
great degree of hear, and a long time after it has
become red.

1091. The action of heat produces a greater ef-
fett according as it experiences more refiftance, and
is more retarded.  If the bodies expofed to it are'of
fuch a pature as to yield to its firft impreflion,
the parts at their {urface lofe their adhefion, they
then liquety, and even before the others have had
time to become hot; thus the mafs fufes from
ftratum to, ftratum in the {ame manner as butter
or wax; or thefe parts are diffolved 1n fmoke and
in flame like a billet of wood, which burns at its
{urface while its centre is full almoft cold. But
if the parts at the {urface have fufficient fixity, if
they refift long enough to give the internal parts
time to become hot, the deftrution of their adhe-
fion muft everywhere take place nearly at the fame
time, and the fufion foon becomes general. This
is what happens to metals when fufed. Wood
burns only progreffively ; and wax and tallow melt
only gradually : but metals which at firft are more
difficult to be fufed, flow more fpeedily and more

completely

1
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completely when they have acquired the degree of
heat neceflary for that purpofe.

1092. Metals may be rendered more fufible and
at a lefs degree of heat, by alloying them with fome
other fubllance. Strong folder is an alloy of this
nature, which fufes at a degree of heat lefs than that
neceflary for fufing the pieces intended to be joined.

1093. Fufion is the {eparation of the molecule
of a body : the rupture of their adhefion by the in-
troduétion of a large quantity of caloric between
their molecule. Fufion in general is performed in
crucibles which muft be capable of ftanding a great
degree of heat: the beft are thole made of very
pure argil or porcelain earth. Thofe brought from
Hefle are pretty good ; bnut thofe made of a‘kind of
carth found at Liimoges, appear to be abfolutely in-
fufible ; and thefe ought to be ufed in preference to
all others. The forms ufually given to crucibles
are reprefented fig. 60, 61, and 62.

1094. Though fufion may often take place with-
out the body which is expofed to it being decom-
poled, it is one of the means of decompofition and
recompofition employed in chemiftry and the arts.
It is by fufion that metals are extracted from their
ores, that they are revived, that they are caft, and

that they are alloyed with each other : it is by fufion
alfo .
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alfo that alkali and fand are’ combined together, in
order to form glafs, &c.

1093. In the application of the aftion of heat to
bodies, furnaces of different forms are employed
according to the operations for which they are def-
tined. A furnace is a kind of hollow cylindric
tower, A B C D (fg. 63); {fometimes alittle wider
at the top, with notches m, m, m, to give a paflage
to the air. This furnace ought to have at leaft
two lateral apertures ; anupper on E F, which is the
door of the fire-hole HI; and a lower one G, which
is the door of the ath-hole C D. In the interval be-
tween thefe two doors the furnace is divided into two'
parts by a horizontal grate, deftined to fupport the
charcoal. The place occupied by this grate is in-
dicated by the line H 1; above the grate s the fire-
hole where the fire 1s maintained 3 and below-it is
the ath-hole, where the athes are collected as they
are formed. j

1096. Another kind of furnace often neceffary, is
that called the Reverberating Furnace (fig. c4):
- it confifts of an afh-hole HIKL, a fire-hole
KLMN, a laboratory MNOP, and a dome
R R SS; above the dome is a tube T T VV, to
which feveral more can be added if required, In
the laboratory M N OP is placed the retort A,
which is fupported by two iron bars that run acrofs
the furnace ; the neck of it paffes through the lateral

aperture
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aperture Q, and has adapted to it a receiver B, As
a ftrong heat is fometimes required for this furnace,
a large volume of air muft be made to pafs through
it, and m, that calc a great deal of heat is;dilengag-
ed.. For this realon, inftead of one aperture to the
afh-hole, there muft be two G; G : when only a mo-
derate heat is required, ope of them may be thut ; if
a {trong heat be necefiary, they may bLe both opened.
It will be of advantage alfo to make the upper aper-
ture S S of the dome pretty large. The ule of the
dome is to reverberate the heat and flame on the re-,
tort, in order that it may everywhere be expofed to
nearly an equal heat, by which means the vapours
can be condenfed only in the beak of the retort and
in-the receiver ; and are al{o forced to proceed thi-
ther.. When matters which do not require a ftrong
degree of heat are to be fufed, the reverberating
furnace may be employed asa fu fing furnace. The
laboratory M N O P in that cafe is removed ; and
the dome RR 8S 1s placed on the fire-hole M N,
as reprefented fig. 64.

‘1097. The beft fufing furnace ever made, is that
conftruéted by Lavoifier, ‘and which is reprefented
Jig 6. The following is the defeription which he
gives of it in his Elements of Chemiftry.* < This
furnace is in the form of an elliptical {pheroid
A BC D, cut off at the two ends by two planes

#* Englifh cdition, p. 548,
' ' which
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whieh pals ‘perpendicular to the axis through the
foci of the ellipfe. From this(hape it is capable of
containing a confiderable quantity of charcoal, while
it leaves fuflicient f{pace in the intervals for the paf-
fage of the air. That no obftacle may oppofe: the
free accels of external air,) it is perfely open be-
low, and ftands upon an iton tripad.. The grate is
made of flat bars, fet on edge;: as-feén fio. 66,
with confiderable inter{tices between them. To the
upper part. A B (g, 65) is added a’ chimney, or
tube of baked earth, eighteen feet long, and equal
in width to nearly balf the diameter of the furnace.”
Lavoifier recommends, as a thing of. importance, to
make the tube F G A B as bad acondu&or of heat
as pofiible 5 it muft therefore be conftructed neither
- of iron-plate, nor of copper, as is commonly the
cale. | '

. 1093. Another kind of furnace is that neceflary
for affaying. In this furnace the metal muft at the
fame time be expofed to the molt violent heat, and,
{ecured from the contatt of the air, become incom.-
buftible by its paffage shrough the coals: on this
account it has been called the affaying or cupelling-
furnace. It is generally of a fquare form (fz.67)
~.and, like the other furnaces, hasan ath-hole A A BB,
a fire-hole BB CC, a laboratory CC D), and a
dome DD E E. A fe@ion of this furnace is {een
fig- 68. = The laboratory CCD D (fg. 67 and
68) 1s deflined for receiving the muffle, which is a

Dd kind
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1t acquiires ho greater heat, however long it may be
boiled, but its mafs is at length converted into va-
pour, and with greater care aecording as it 1s lefs
comprefled.  Water in vacuo is converted into va-
pour at a very low degree of heat.

1100. The ebullition of liquors confifts in a rif-
ing of a portion of the liquor occafioned by large
bubbles of a very tran{parent fluid; which, proceed-
ing from that part of it moft expofed to the hear,
traver{es the liquor, and burfts at the {urface. But
of what nature is this fluid ? Is it the matter of heat
called caloric? Itis very certain that liquors do not
boil without heat; but it 1s equally certain thar the
matter of heat alone is not {fufficient to make them
boil, fince there are feveral {ubftances which never
boil, however {trongly heated : thefe bubbles there<
fore muft be compofed of {fome other fluid. Thig
fluid is a portion of the liquor reduced to vapours
by the violent heat to which it is expofed, in the
fame manner as a drop of water thrown upon a
piece of 1gnited iron {peedily evaporates, forming
feveral bubbles, which, were they covered with warm
water, inftead of burthing, would immerfe them-
felves in the liquor, and caufe it to rife. A proof
that this fluid is a portion of the liquor reduced
to vapaur, isy that fufed metals never boil, becaufe
they evaporate only at the furface, and becaufe thofe
vapours which tend to rife cannor traverfe the mafs.
It cannot be faid that their gravity prevents them

Did 2 from
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from rifing ; for mercury, which is the heavieft of
all ‘the metals, except platina and gold, boils like
water, becaufe like that fluid, it is reduced into va-
pour at the bottom, and at the places moft expofed
to the heat. But thofe 'metals which cannot boil
when alone, boil with great violence when any fub-
ftance capabtc of furnifhing vapour, fuch as a piece
of wood, is meeri'ed in them.

ITTO Vapours then rife from anyliquor in a ftate
of ebullition ; and if the ebullition be continued, all
its parts are fucceflively evaporated even to drynefs.
It 1sin this' phenomenon that the third effest pro-
duced on bodies by heat confifts, after having made
them pafs from the folid to the liquid ftate: it at
laft reduces them into vapour, by making them pafs
to the aeriform ftate. - This is what forms the non-
permanent elaftic fluids, of which we have already
fpnkan (

1102. But lf the diﬁipatmn c:rf any fub&ance is
{udden, if all its parts are evaporated at once, it pro-
duces a violent-explofion ; becaufe in paffing to the
ftate of elaftic fluid, it acquires a prodigious vo-
Jume in comparifon of that which it had before
(346). This is what takes place in the inflammation
~of gun-powder, as well as in the ' fulmination’ of
gold (585), and of fulminating filver (595). In
making thefe experiments,: great: caution: muft be

employed, in grder to avmd accident 3 bur efpeci-
ally
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ally with fulminating filver, which detonates merely
by the contact of any body whatever.

f

Of Detonation.

1103, Oxygen, when it combines with different
-bodies, does not always diveft itfelf of all the ca-
loric which conftituted ita gas: thus, for example,
it enters into that combination which forms nitric
acid, and into that which forms oxygenated muri-
atic acid, with the greater part of its caloric ; fo that
in nitre, and particularly in the oxygenated muriate,
the oxygen to a certain point is in the ftate of oxygen
gas 3 but condenfed.and reduced to the {malleft vo-
lume which it can poffibly occupy,:. Caloric in its
c-::rm'hma.tmns tends then continually to brmg back
oxygen to the ftate of gas, fo that the oxygen ad- -
heres very weakly to thefe combinations. The leaft
force is fufficient to difengage it, and it often re-
fumes in a moment the gafeous ftate. It is this
~ abrupt tranfition from. the concrete to the acriform

ftate, which has been called Detonation, becaufe it
1s generally accumpamed W ith a loud report.

1104. Thefe detonations are generally produced
by the combination of charcoal, either with the
oxygenated muriate, or with nitre : -however, fome-
times to facilitate the inflammation, fulphur i1s added;
and this mixture, made according to the’ proper

Dd3 proportions,
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proportions, - conftitutes gun-powder. Thefe pro-
portions are 76 parts of nitre or faltpetre, 12 parts
of fulphur, and 12 parts of charcoal.

1104. The fudden and inftantaneous expanfion of
thefe gafes, 1s not {ufficient to explain all the phe-
nomena refpeting detonation. This caufe is not
the only one that has an influence'in producing them.
Carbonic acid gas is formed, and oxygen combines
with the combuftibles. ' It appears alfo that the
caloric difengaged at the moment of detonation,
contributes in no {mall degree to increafe the effect,
Several reafons feem to prove i,

1106. In the firlt place, though caloric pafies
freely through the pores of all bodies, it can however
only pafs fucceffively and in a given time: if a large
quantity of it therefore is difengaged at once, and
more than can pafs fuddenly through the pores, it
muft then a& in the manner of elaftic fluids, and
overcome every thing that oppofes its paffage: a
part of this effe¢t muft take place when gun-powder
is fired in a cannon ; though the cannon 15 permea-
ble to caloric, fo much of ‘it is difengaged at one
time, that it cannot find a paﬁ'age fuﬁ’ga_:i_enﬂ:.r free
and fpeedy through the pores of the metal: it con-
fequently makes an effort in every diretion; and it
1s this effort which 1mpf:ls the bullet, and makes
“the cannon recoil.
| 1107. Secondly,
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1107. Secondly, Caloric when become free di-

lates the gas, which is difengaged at the moment

of the inflammation of the powder ; and this dilata-

tion is greater according as the temperature is more
elevated,

1108. Thirdly, It is poffible that in the inflam-
mation of the powder there 1s a decompofition of
water, and that 1t furnifhes oxygen to the char-
coal to form carbonic acid. If this be really the
cafe, there ought to be formed a large quantity of
hydrogen gas, which will contribute to encreafe the
force of the explofion; for as the cubic foot of
hydrogen gas weighs only 63°936 grains, a very
{mall quantity of it is capable of accupying a very
large {pace. It muft therefore exercife a prodigious
expanfive force when it paffes from the liquid to
the aeriform ftate.

- 1109, Fourthly, The portion of water not de-
compofed, muft in the inflammation of the powder
be reduced to vapour ; and it 1s well known that in
the ftate of gas, water occupies a fpace 1700 or
1800 times greater than when it is in the liquid
{tate,

1110. From what has been faid (1058 e/ fiq.)
it may be eafily feen that thefe three effects of fire on
bodies (1086, 1089, 1099) may be reduced to
ong, viz.that of dilatation; for liquefa&ion, or fluid-

Ddg ity,
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dity, is nothing elfe than a greatér dilatation than
that refulting from a heat not {ufficient to deftroy the
<cohefion of ‘the parts ; and vaporization is only dila-
tdtion carried toits utmoft degree.

ﬂf the Mmﬂ.s* qy" mrﬁ@" ﬂg ﬂra? Adion qf H.eﬂr
s o chadidiie

gy T Ttham are four mvag by which the action
'mf heat, ior the effects of the fame: fire maintained
with the fame kind of combuftible, may be aug-
mented.  Thefe ways are, ' 1ft, To encreale: the
quantity ‘of matter which ferves asfood 'to 'thefire:
2d,’ To.concentrate its action, or to preventit from
extending itfelf, and from being diffufed over 00
wide 4 fpace : 3d, To dire@ that action towards
 the fame place st 4thy; Tolexcite ﬂm Jﬁra- wlth
" pure air, or o}:}rgen gas. : L3902 ol

'y112. Firft way. This ‘method is fo commion,
that it ftands in no need of illuftration j every body
-~ knaws, ‘that by addingwood “or coais to-afire alt
ready kindled, itsaion will be augmented. ' The
quantity ofmatter added, however, muft find a fire
proportioned to its volume and degree of inflamma-
bility. It would be ufelefs to add green wood, or
wood in a large quantity 1o a fmall fire, or a fire of
frraw ; it wnuld*on!y'becbmﬁ"b‘lack; but if the wood
is very dry, or divided into fmall portions or-chips,
1t will foon take fire. No body can inflame but
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by combining with oxygen (1052); and this com-
bination cannot take place but at a certain degree
of heat ; if the fire 1s too weak, or the combuftible
added in too large a quantity, or too much im-
pregnated with water, the fire will be extinguithed
before the body has had time to become {ufficiently
hot. This is the reafon why a taper is extinguithed
by inverting 1t; the melted wax which ‘runs down
on the wick, has not acquired the degree of heat
neceflary for its inflammation.

1 113.. Secomd way. This method 1s to concen-
trate the aflion of the heat, or to prevent it from
being extended or diffufed over too large a fpace.
This effect is what chemifts produce by means of
their furnaces. The fire thus confined becomes, as
it were, the centre of a {phere of ation, the radii of
which, ftriking againfl the fides of the furnace, are
reverberated towards the middle, and, their a&ion
being there concentrated, act with the more force. °

1114. Third way. This method confifts in dj-
reCting the actionof the fire, or the inflamed parti-
cles exhaled from it, towards one place: this is
what is done by goldfmiths, jewellers, enamellers,
&c. with their lamp and blow-pipe, and their bel-
lows.  The flame thus, diretted is confiderably
lengthened, and becomes fo active as to fufe glafs,
enamel, and metals ; for the blaft, efpecially that of
the bellows.. introduces into the flame the fluid

proper
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proper for combuftion : by thefe means two advana
tages are obtained; that of exciting a degree of hear,
and that of throwing the heat on the part alone re-
quired to be heated.

11135, Fourth way. Ths method is that of ex-
citing the fire by pure air or oxygen gas. No de-
gree of heat fo active as that produced in this man-
ner is known. Lavoifier, wha made a feries of very
ingenious experiments on this fubject #, found no
fubftance which did not yield to its action. The
largeft burning-glafles, fuch as thofe of Tehirn-
haufen and Trudaine, produced more heat than the
porcelain-furnaces ; but, befides the dearnefs and
difficulty of procuring {uch glafles, and their want
of power to fufe crude platina, a ftill greater heat
may be obtained by exciting the fire with oxygen
gas: as already obferved, we are acquainted with
no degree of heat fo powerful: by thefe means
crude platina may be fufed on a bit of charcoal.

1116, When matters are to be fufed which muft
not be brought into conta¢t with charcoal, an
enameller’s lamp is employed, through the flame
of which a current of oxygen gas is made to pafs.
"The heat is fomewhat lefs than when the fubftance
1s placed on charcoal ; but it is ftronger than any

+ Memoires de I’Acad. des Sciences, 1782, p. 476 and
1783, p. 566,
other
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other degree with which we are acquainted. The
fupports ufed in {fuch cales are either cupells of
bone-athes, or fmall capfules of hard poreelain, or
even of metal, which, provided they are not too
{mall, do not fufe ; becaufe metals being good con-
ductors of heat, the caloric is fpeedily diffufed
throughout the whole mafs, and heats each part
lefs.

1117. We have already faid (1115}.that Lavoi-
fier made on this fubject a feries of ingenious expe-
riments ; the refults of them are as follow :—

1t, Rock-cryftal, that is to fay, pure filiceous
earth, is infufible; but it becomes fufceptible of
being foftened and fufed as foon as it is mixed.

2d, Lime, magnefia, and barytes, are not fufi-
ble either alone or when combined together: but
all thefe fubftances, and particularly lime, facilitate
the fufion of all others.

3d, Alumine even alone is completely fufible ;
and the refult 1s an exceedingly hard, vitreous, and
opake {ubftance, which fcratches glafs in the fame
manner as the precious ftones.

4th, All the compound earths and ftones fufe
with great eafe, and form brown glafs.

sth, All
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10th, The diamend burns in the manner of com-
buftible bodies, and is entirely diflipated -,

%,

Of the Means of leflening r{ﬁe'ﬁrﬁun of Lire,
and rfg/i'rqyﬁrg it entirely.

1118. To diminith the a&ion of heat, it will be
fufficient to fupprefs the means by which it is ‘in-
creafed: this fuppreffion is the moft ufual caufe
of the checking or even extinétion of fire. That
of a flove or grate gives lefs heat, if it bé deficient
in wood or coals; and even though fuel may not
be wanting, it becomes languid if not excited by
blowing, and is at length extinguifhed.

111G, Bl;]tlﬂli‘.:‘r' extintion takes place only ﬂuwl}f '
there are certain circumftances under which it is of
1mportance that it thould be effected with more
{fpeed. It is well known that nothing can burn
without the conta& of the air (102).: tq produce
that privation of air fo neceffary, it will be fuffi-
cient to apply to the furface “of the bﬁrning body
any incombuilible matter, fuch as w:'.ter s.buty f:::-r
this purpofe, .the water -::u-:rht to remam liquid
longer than lhE conflagration . can continue ; and,
confequenl]g, trreat deal of it mufy be apphed for

t For a number of interefting cxpcrjments, of the'fame na-
fure with  thefe, performed by the Liondon' Philofophical So-
" ciety, fee Philolophical Magazine, vol. viii. ) §o o

a1 if
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if only a fmall quantity of watet be thrown orf a
large fire, as the water experiences a greater degree
of heat than that which it can bear in the open air,
it becomes decompofed; its oxygen (276) coms
bines with the combuftible body, and affifts it to
burn; and its hydrogen, combining with caloric,
torms inflammable gas ; which inflantly takes fire,
and adds greatly to the ftrength of the conflagra-
tion : thus, ftead of extinguifhing the fire, it-ren-
ders it more violent. |

OF Refrigeration,

1120, We have already thewn (1112) that snffani-
mation ncreafes as well as the heat, when the burna
ing body 1s united with others fulceptible of cateh-
ing fire alfo ; for in that cafe there is a greater and
continued difengagement of caloric ; which, becom-
ing free, renders itfelf fenfible (1051, 1052). Heaf,
on the other hand, never communicates itfelf with-
out being weakened ; becaufe, in this cale, no new
caloric is difengaged, and that already free, only ex-
tends itfelf through a wider fpace; and it hence
follows, that lefs of it remains in the body which -
communicates the heat. This diminution of ca-
loric in the body is called Refrigeration.

1121. As fome bodies become heated fooner than

others (1088) the cafe is the fame in regard to re-
frigeration,
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frigeration, as they do not all equally cool in the
fame time. Ve are not well acquainted with the
law according to which refrigeration takes place.
We may however fay in general, that Zeat is com-
municated in the ratio of the maffés.  For this reafon
more cold is felt on touching a piece of metal than
on touching a piece of wood, though they may have
the {ame temperature ; for refrigeration is the lofs
which a body fuftains of its caloric, by communi-
cating it to another by contact; and this lofs is near-
ly proportional to the denfity of the body touched.

1122, If matters which touch each other, or
which are mixed, be of the fame nature, zke ex-
cefs of hkeat in the hottgft 15 communicated to that
which has the leaft heat, in the ratio of their volumes.
If three pints of water be mixed together, the tem-
perature of one being 160 degrees, and that of the
other two 40, the temperature of the mixture will
be 8o degrees; for 120 degrees, the excefs of 160
over 40, will be divided among the three pints which
have each 4o degrees of temperature.

1123. What has been here faid may ferve to
fhew why ice melts, and the bodies immerfed in it
cool, But this refrigeration is much more confi-
derable than what 1s given by the rules we have
laid down (1121, 1122); becaufe a grear deal of

caloric combines with the ice, to make it pafs from
: the
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Aumianthus, §ob
Aamonia, 848, 863, 864, 1028
e -« » .« liqud, 854
Antimony, 700, et feq, -
s+ «lv oy crude, 702
o's & » » vegulusof, i,
Apparatus for diftillation, 1082, ¢t [z,
Arbor Diane, 594
Avgil, 508, 509
« «» « chalky, 488
.« « VITZIN, 421
A fenicy 707, et feqs
AJBeflos, 506
Ales, 857, 800
Aimofphere, 148
o s« o o terreftrial, 3162, et fog,
Astradtion, §, 25
Axote, 139, ¢t feq. 373 ¢t Jeqs AL, 3028,

Belnenm mariz, 1082

Ballson, 1083

Barilla of f";pain, 843

Barytes, 416, et Jeq. 868

Bafaltes, antique, black; 555

kL B

Bafe of nitrous gas, 806

Bafes of the elaftic fluids, 67, ¢ __,frf;.
. ., falifiable, 854, 876

Benjaming



INDEX:

Benjamin, 962

Benzoates, 901 y
Bezoard mineral, 703

E{'ﬁnu!&, 670, et [eq.

+ «+ o . flowers of, 672

Blende, 649
<Blue, mountain, 603

. « « powder, 681

« « « pruffian, 627, ¢8g

Buodies, combuftible, 1061
Bombiates, 978

Borates, 918

Brafs, 611, 613

Bronze, 610, 042

Burning glafles, 1115

Calamine, 65

Calcedony, 551

Calorimeter, 1063

Caloricy 7, 13, ¢t feq. 30, 358, 1033, 1053

« . » - combined, 44 & i
P o e oG 3 FACED SO e e e 0 ;
o « . o fpecific, 15, 42, 1041, 10632, ¢t feq.

Campikorates, 963

Camphor, b4, gb3

Capracity for admitting caloric, 40, 42 o'y
Carbonates, gi2

Carbonate, ammoniacal, 848

e « « + » o of alumine, 488

« + + + o+« of burytes, 434, 483 :
s @ e Aaf ot 629 eyt Cah SR
+ s s s o Of lime,; 456 2

e« « « + « of magnefia, 480

o » » + o » of potath, 842 i Syl
« o+« » + of foda, 843 : i

. Garbonate
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: INDEX.
Copfer, 602, et feq.
cementation of, 60g, 611, 12
Cork, mountain, 520
Cornelians, §51
Cream of tartar, 953
Crucibles, 1093
Crecks martis, aperient, 628
Crocus metallorum, 703
Crofs-flane, 555 _
CryfRallization of {alts, gu8, ef [eq.
Cryflals of the moon, 592
o ey DRNEDYS 608
Cryflal, rock, 547
Cucurbite, 1082

Decompufition of pure air, 1053
v o e e el = s OF Waters o065 ot fa7
.« « s« » « Of animal matters, 1003, et fq.
« « « « « « . Of vegetable matters, ib, -
....... of oxygen gas, 1053 - - 3
Detonation, 1103, et feq. :
Diamend, 539, et feg.’
. + o » Brazilian, 543
e, e b enoticental, Cdo
Diffolution, 992, 993, 997
Diftillation, 1081 K RSO §
- + « » s+ +» compound, 1083, 1084 '
e s o ».ea fimple, 1082 ¢
Divifion of bodies, gg1
Dudtility of the metals and femi-metals, 789 11
Earth, animal, 475
« +» + «» ponderous, 416
- » « « ponderous, aeratgd, 483 = . ! MO
o« . o ¥HERable, 498 CTRT At ]
1 Eartks,






INDEX.

}:'r'é'f-—_fﬂtt‘, 547
Furnace, 1095

& & 8

h T @ @

. cupelling, 1098

aflaying, 6.

. fufing, 1097
reverberating, 10825 1096

Fufibility of the metals and {emi-metals, 792
Fufion, 1003

Galena, 644
Gallates, gbb

Garm:t, 521

Gas,

LS

38

. « « carbonic acid, 211, ¢t feq.

L] L .

. oxygen, 89

chalky acid, 211
fluoric acid, 248, et feq.
muriatic acid, 229, et feq.

. {ulphurous acid, 241, et feq.

ammoniacal, 255, ¢ feq. b
azotic, 128, et feq. '

. hydrogenated, 264, et feq.

hydrogenous carbonated, 312, ¢t feq.
hydrogenous carbonic, 317, ef feg.
hydrogenous, of the marfhes, 322, et feq.

. hydrogenous, pholphorized, 508, et /eq.

hydrogen, pure, 290, et feq.
hydrogen, fulphurated, 3012, et feq.
inflammable, 264,\ef feq.
inflammable, of the marfhes, 322

. mephitic, 211

muriatic, oxygenated, 200, ¢f fe].
nitrous, 18g, e foq.
non-faline, 127

faline, 210 ;
- Gas,



IHDEx._

Gras, favage, 211
« « o+ {ylveftre, ib,
Gems, 512, et feq.
. . « blue, 529, et feq.
. . . green, §34, et feq.
. ted, §14, et feq.
-+ . yellow, 523, et feq.
Girafol, 522
Glucina, 448, et feq.
Gold, 580, et feq.
- . - fulminating, 585
.+ » Manheim, 610
Granitelles, 564
Granite, 565
Gravity, {pecific, of the elaftic fluids, 327, 328
Green, mountain, 603
Grinding on porphyry, ggt
Gopfum, 461

Hardnefs of the metals, 7¢2
. of the femi-metals, 791
Heat, latent,; 46
. . . fenfible, 45
#eavine/s of the metals and femi-metals, 796
Hepatic-flone, 503
Horn-flone, 508
Hyacinth, 527
..... of Compoftella, .
Hydrogen, 296, 329, 377, €t feq. 107§, 1076

:j’adﬂ, 551
Fargon of Ceylon, §28, §57

?ﬂf:’ﬁ""ﬁ 554

dece, 348

Ink, fympathetic, of bifinuth, 485
Ink,



INDEX.

Ink, fympathetic, of cobalt, 485
Tron, 614, et feq.
... cafty-017
. forged, 618, et feq.
. . ores of, 615
. . plate, 631

Karabé, g0
Kermes mineral, 703

Kupifer-nickel, 688

Laclates, 982

Lamfi, enameller’s, 1116
Lapis infernalis, 592

w4 & o Lamlly hed
Lead, 643, et feq.

. white, 650
Leather, foffil, 506
Light, 17, 29, 1033
Lime, 404, et feq. 886
Liquefaction of falts, gg4
Litharge, 646, 654
Lithiates, 86
Lithology, 400
Liver of antimony, 703

« » of {ulphury 135
Load/tone, 616

Magifiery of bifmuth, 676
Magnefia, 411, et feq. 867
: . calcined, 480
Malachite, 603
Malates, 939
Manganefe, 716, et feq.
Marble, 459

Ffa

Mari,






INDEX,

Muriate of mercury, corrofive, 666

..... _of nickel, 6g1
..... oxygenated, 207, 807
.« «+» « of zinc, 698

« + » - « of zirconia, 443
Muriates, gQ2

...... oxygenated, go2

Natron, 843
Natrum, ib,
Nature of acids, 802, et feq.
L naqdof five; 1038, ¢f [eg.
Nickel, 687, et feq.
Nitrates, 897
Nitrate of antimony, 703
. » « « of filver, 592
SieiOF barytes, 484
. . . of bifmuth, 673
. - . of lime, 467, et feq.
.+ of magnefia, 478
. . of manganefe, 720
. of mercury, 664
- .« - of zinc, 696
Nitrg, 898
. . calcareous, 46%
Nitrites, 897
Nitro-muriates, g11

Oil, 855, 1080
. . fixed, ib.
« « Volatile, 7.
Opal, 550
Ore, white, of gold, 769
» « red, Siberian of lead, 759
. » . of iron, 618, 617

« « » of molybdena, 734
Ff3

Qﬂﬁ -‘-f Ky






INDEX,

Oxide of mercury, bright red, 664
. of mercury, red, 663, 82
. of mercury, reddifh brown, 661
. « « of mercury, white, 665
« » » of mercury, yellow, 664, 6635, 821
+ + » metallic, bor _
« » » of molybdena, 832, 931
« . » of molybdena, white, 734
« « » muriatic, 807 '
« « » of nickel, 689, 824
. «» « of platina, 815
. . » offilver, 592, 593, 816
- « « of fulphur, 8os
. » » of tellurium, 972, ¢t feq. 828
« + « of tin, grey, 633, 819 '
. » «» of tin, white, 636, 819
+ » « of titanium, %40, ¢t feq, 828
. + « of tungften, 729, 831
« » « of zinc, 6gg |
. of zing, grey, 825
« « . of zine, white, &,
Oxygenation, 115, 1054

Oxigen, 89, 329, 360, 372

Pepiite d'or, 582
Peridot, 555
Pﬁrﬂ-ﬁ!;x, 551
Petuntze of the Chinefe, 548
Phenomena of metallic folutions, 878
Phofpikates, 971
Plofphate acidulous of lime, ¢85
. & « . . calcareous, 21, 810
»o v o~ o of lime, 473, ef feq-
Phafphites, g71
Phofpharus, 21, 391, et feq. s
Y E4 Phofphures,






IHDEX,

Quartz, 547

Radical acetic, 835

oot benzalc, ik

. . . ..bombic, 836

. + +« o boracic, 812

. . « « » camphoric, 835

. . . .. carbonic, 809

o syt IEEIC 838

e te: flIOYIC, BLE

. . . formic, 836 L
.« « o« gallic, 835

ISR T

« - » « o lithic, &,

. + » o« malic, 835

. + = « » muriatic, 807

L et rtric; 800

. .« . . oxalic, 835, 944

.+ +.» » phofphoric, 810, 836
. « » » « proffic, 836

, pyro-lignic, 835

PR T T P}rfﬂ‘mu":ic, 15.

. . o+ » pyro-tartaric, 5.

. . » « « faccho-la&c, 836

< o & v lghagic; 10,

. v soaredCEINIC; B3

« « » s Tulphuric, 235

o 's ofa e tAYLAric, 845

Realgar, 710

Recompofition of water, 278, ef Jeq.

Refining of faltpetre, 1001

Refrigerant, 1082

Refrigeration, 1120, ét [eq.

s 6 v e mend v Jawsof 1, 1121, T122
' Regulus of antimony, 702

Regulus



INDEX.
Steatites, 506
Stonesy 453, 494
- « » « for building, 459
» . o« - calcareous, 450, et feq.
« « &« » faline, 455 :
- faline with a bafe of alumine, 486
- faline with a bafe of barytes, 48z
. faline with a bafe of lime, 456
. faline with a bafe of glucina, 493
. « . - faline with a bafe of magnefia, 476
. « » {aline with a bafe of filex, 490
- faline with a bafe of ftrontian, 49%
. . . faline with a bafe of zirconia, 492
: . volcanic, 568, e feq.
Strontian, 429, ¢t feq. 871
Sublimation, 1682,
Sublimate corrofive, 666
Subfiances, mineral, 327, ¢t [eq.
______ metallic, 573, e# feq. 374, €t feq.
...... fimple, 387
i i volcanic, 568, et frq.
Succinates, gbg -
Sugar, 1013
: . of lead, 6351
Su{ﬂﬁarlﬁ, 890
Sulphate of alumine, 421, 487, 869
' of barytes, 416, 482, 808
..... of bifmuth, 674
. of cobalt, 683
of cepper, 606
..... of lead, 648, g40
..... of lime, 616, 948, 951
. , - of magnefia, 411, 477
13k .. of manganefe, 721
. of nickel; 6go

iiiii

Sullhaie



INDEX-

Sulfihate of ftrontian, 431

. . «. . of zinc, 649, 697
Sulphites, 890

Sulpfiuret, 1078

\ . of antimony, 703
...... of molybdena, g3t
Swine-flome; 502

Tubley methodical, of the elaftic fluids, 63
+ « « .« - of the gravity and hardnefs of the pre-
cious ftones, 545

R 2 . . . « of the combinations of the acetous and
acetic acidss 34 |
. ... .4....o0f the combinations of t'he ar[‘cmc
' acid, 922
s 851 feria vmip na o O BB S o binations nf l.hc bem:mc
acid, gb1
i3 sl .+ . - of the combinations of the bombic acid,
978
........ . . of the combinations of the boracic
acid, g18
<+ s+ s+ e .. of the combinations of the camphoric
acid, 963
........ . » of the combinations of the carbonic
acid, g12
v+ . e .., . of the combinations of the chromic
acid, g32
RIS AT S of the combinations of the citric acid,
946 :
S e e of the combinations of the fluoric
. acid, 91§
I T . . of the combinations of the formic
acid, g75
----- v . +..of the combinations of the gallm
acid, g66

I .'.ﬁ:!.-fa;,



INDEX.

Table, methodical, of the combinations of the laéticacid, g82
L s + . of the combinations of the lithie acid, 986
...... of the combinationsof the malic acid, g3g
e+« of the combinations of the molybdic
acid, 930
......... of the combinations of the muriatic and
oxygenated muriatic acids, goz2
«+++.... . of thecombinations of the nitrous and
: - nitric acids, 897
i+ aws ... oftheécombinationsoftheoxalic acid,g42
......... of the combinations of the phofphorous
T meidyglt
v ++«s .- of the combinations of the phofphoric
acid, b,
A S of the combinationsofthe pruffic acid,g88
S T R of the combinations of the pyro-ligneous
acid, 959

e ... ..., . ofthe combinations of the pyro-mucous
acid, 957
......... of the combinations of the pyro-tartare~
~'ous acid, 954
-+ s+ .+« .« of the combinations of the faccho-ladlic

acid, g84
Fat v et + . . ofthecombinations of thefebacic acid,g80
I e 4 . of the combinations of the fuccinic acid,
969

. v . v v e..of the combinations of the fulphurous
and fulphuric acids, 8go ' '
.= . « . « .« of the combinations of the tartareous
acid, 494
B O . . of the combinations of the tungftic acid,
927 :
.+ <.+ . of the properties of metallic fubftances,
788, et [eq.
. of the fpecific caloric of bodies, 1068
Tal,

L
-
-
L3
-



INDEX,

Jalc, 500
Zartar, 950

. . . ftibiated, 700
Tartrites, Q49
Turtrite, acidulous, of potafh, 950, 953

. . . of ime, 951
. . . of potafh, 953

« i on afipotafh; antimoniated, 700

. + o+ of foda, 983
Tellurium, 760, et feq.
Tenacity of the metals, 793
Tin, 633, ¢t feq-

. . creaking of, 633
. . . drofs of, 635
St white oxide of, 636
Titanium, 740, €t feq.
Tombac, white, 610
Topazes, 523, et [eq.
Topaz of Bohemia, 547

« » . of Brazil, 525

- . . of Saxony, 526
. . . . oriental, 524
. . . . piftachio, i5.
Touchflane, 571
Trituration, g1
Tung flates, g27
Tung flen, 727, & feqe
Turbith, mineral, 663
Turmalin, §55

Ultramarine, §53

Vapours, 343, et-feq. 1000, et feq.
Verdegrife, 608
FVermiliom, ftone fo called, 520
: Vermilion,
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