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XV. Eafy Methods of meafuring the Diminution of Bulk,
taking place upon the Mixture of common Air and ni-
trous Air; together with Experiments on Platina. By
John Ingenhoufz, M. D. F. R. S. Phyfician to their Im-
perial Majefties at Vienna. In a Letter to Sir John
Pringle, Bart. P. R. S.

TO SIR JOHN PRINGLE, BART. P. R. s,

Vienna,
Nov. 3, 1774

R. Feb. 15, ¥ OME time ago 1 amufed myfelf with fome

1776 S experiments relating to nitrous air. Having
received from the learned Abb¢ FONTANA a copy of a
pamphlet, which he publifhed this year under the title,
Defcrizione e ufi di alcuni firomenti per mifurare la
Jalubrita del aria, di Felice FONTANA. In Firenze, l'anno
MDCCLX XV : per Gaetano Cambiagi Stampatoregranducale,
which moft probably will already be known to you; I
imitated fome of them, and found them very ufeful for
the intended purpofe of meafuring the quantity of air
abforbed or diminifhed by mixing the nitrous with the
common air; by which criterion the degree of the falu-
brity of common air may be afcertained according to the
difcovery of Dr. PRIESTLEY. Abb¢ FoNTANA firft pro-
duces nitrous air in a feparate veflel, and then forces it
into the glafs, or other veflel, in which it is to remain, till
a communication be opened between this veflel and the
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other which contains common air. I found it a difficult
matter to force always juft the fame quantity of nitrous
air into the veflel; becaufe I could never be fure that the
nitrous air had diflodged all the common air out of it, or
had diflodged always the fame quantity of common air.
If this quantity is not always juft the fame, fome variety
muft happen in every experiment; and thus an exact
valuation of the quantity of air abforbed cannot well be
made. To obviate in fome meafure this difficulty,
and to abridge the experiment by mixing fuddenly the
two airs together, I contrived the inftrument of which I
fend you here a drawing. It is a ftrong glafs veflel,
nearly two inches and a half in diameter, and about as
much in height: a conical figure would perhaps be bet-
ter. A brafs cover, which embraces the glafs about
half an inch downwards, is cemented tq it, and has
a hole in its middle, correfponding with the hole in the
glafs veflel. 'This hole of the brafs cover has a female
fcrew fitted to receive the male fcrew of a brafs tube,
about feven inches long and about an inch in diameter,.
terminating at one end in a male fcrew (adapted to
the abovementioned copper plate) and at the other, in
a neck adapted to enter the mouth of an elaftic gum
bottle, otherwife called doradchio or caout-chouc, to be
tied to it with a ftrong ribbon. This brafs tube has
towards each extremity an air-tight cock, by which the
communication between one extremity and the other .
may be opened or thut. Between thefe two cocks, about

the middle of the tube, is a thort lateral tube, commu-
nicating
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nicating with the canal of the other tube. This lateral
tube has al{o an air-tight cock, which opens or thuts up
the communication with the long tube, and has a female
{crew to receive the male fcrew of another fhert tube,
which ferves to receive a glafs tube bent at right angles
andof two feetor morein length ; the diameter fomewhat
more than that of a large quill. This glafs tube is to be
divided into any number of equal parts. I ufe the inftru-
ment in the following manner. The elaftic gum-bottle
being well tied to the brafs tube, all the cocks thut, and
the glafs tube fixed to its place, I pour a certain quantity
of aqua fortis (v. g. 51 into the glafs veflel, taking care
that none of it touches the brafs cover: then I put
into it a certain quantity of iron filings (v. g. 3j) wrapt
up in a bit of paper to prevent its being immediately cor=
roded. This being done, I fcrew the glafs veflel to the
brafs tube, fo that no air can get out. When the red
fumes begin to rife, I open the two cocks of the brafs
tube, which open the communication between the
glafs veflel and the elaftic gum-bottle. By fqueezing
the elaftic gum-bottle, I force the two airs to mix to-
gether. The diminution of the air is foon perceived
by the elaftic gum-bottle becoming flaccid. When 1
judge the air is as much diminifhed as it can be, I put
the extremity of the glafs tube into a veffel with water,
and open the cock of the fide tube: the water imme-
diately rifes in the glafs tube to a height proportioned
to the diminution of the two airs. By repeating feveral
times the experiment in the fame place, I found the
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rife of the water nearly the fame, though not fo exaétly
as I could have wifhed: the variation I afcribed partly
to the elaftic bottle not being always of the fame firmnefs
or elafticity, which it lofes more or lefs by {queezing. I
contrived another method more fimple, and perhaps more
accurate, which is the following : Itook a glafs tube about
two and a half feet long, and not quitea twelfth of an inch
in diameter; fo that a column of quickfilver might {lide
through the whole without difperfing itfelf, filling al-
‘ways the whole cavity. I cemented to each extremity a
brafs ring, that I might be able to fhut the opening with
my finger without hurting myfelf. This tube being di-
vided into 100 equal parts, Iufed it in two different ways;
viz. having poured fome aqua fortis into a little phial, and
put to it fome filings, I thruft the extremity of the glafs
tube, into the neck of the phial. A column of quickfil-
ver of about an inch in length occupied that end of the
glafs tube which was in the neck of the phial. The
whole was kept in fuch a pofture that the tube was nearly
in an horizontal line, the end which is put into the phial
being rather the higheft. Care was taken that the tube
thould not touch the aqua fortis. The phial being filled
with red fumes and the extremity of the tube furrounded
with them, I open and fhut alternately the oppofite extre-
mity of the tube, {o as to allow the quickfilver to advance
flowly towards the middle; as{oon asthe column of quick-
filver is arrived at the middle, I take the tube out of the
bottle, and thut each extremity with the fore-finger: thus
moving the tube upwards and downwards as brifkly as
can be done with a certainty of keeping both extremities

all
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all the while exadtly fhut. The twoairs being thoroughly
mixed, I put one extremity into a veflel filled with quick-
filver, and withdrawing the finger from the opening, the
quickfilver rifes immediately within the tube, and fhews
by its height the exact quantity of air diminifhed. The
other method is this: I tye to the end of thefame tube the
neck of a fmall elaftic gum-bottle, the bottom of which is
cut away: having put fome iron filings into a little phial,
filled with aqua fortis,1 put the end of the tube within the
mouth of the phial, clapping my hand faft to the orifice
of the phial, the loofe part of the elaftic bottle, fo that
the nitrous.air, rifing from the phial, muft take its courfe
through the tube. When the whole tube is filled with red
fumes, I take it out,and fhut the two extremities with my
two fore-fingers. Then I put one end of the tube in a
veflel with quickfilver, and withdraw both fingers for an
inftant, to make the column of quick{ilver rife within the
tube. Iapply immediately both fingers; and holding the
tube nearly ina horizontal direction, fothat the extremity
where the quickfilver ismay be rather the higheft, I open
and fhut at the fame time both extremities, {fo that the co-
lumn of quickfilver gradually advances towards the mid--
dle. The quickfilver advancing towards the middle, as
much common air follows the quickfilver as it forces out
mitrous air from the other extremity. As foon as the co-
lumn of quickfilver is in the middle, I keep bLoth extre-
mities well fhut with my fingers, and moving the tube in
various ways, I force the two airs to come into mutual

contact, and to mix intimately together. Then I put one.
extremity
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extremity into a veflel filled with quickfilver, withdraw
the finger from within the quickfilver, and obferve to
what height the quickfilver rifes. It requires fome prac-
tice to perform this experiment with dexterity.

Some time ago I got fome ounces of fine platina from
Spain, through the means of his excellency Count
DIETRICHSTEIN, with which I made fome experiments.
Moft writers affert, that a confiderable part of the platina
is attracted by the magnet, but not the whole of it: but
by a nice inquiry I found, that every one of the particles
obeyed the magnet more or lefs, except fome tran{parent
ftony particles; and that even thefe were all magnets in
themfelves; or that each particle had two poles, which 1
could change at pleafure by the application of magnetical
bars. Though their magnetical virtue is always much
lefs than that of particles of iron, yet every one had more
or lefs of it; but fome fo little as not to be perceived but
by applying a ftrong magnet to them when floating upon
water. Befides the flat, fmooth, and fhining bright par~
ticles, which are alone the true platina, 1 find two other
kind of particles among them; viz: fomevery fmall black
particles, moft of which are of an irregular figure, re-
fembling the iron- fand found in fome parts of North
America; at Teneriffe; near fome lakes in Italy; in
fome rivers in Tranfylvania, among the gold duft.
which is taken out of them; and in many other places.
Some of thefe black particles, though few in compari-
fon with the number of the irregular particles, are of a
very regular figure; and when feen through a good

magnifier, fomewhat refemble the figure of a melon.
3 Both
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Thefe black particles of both forts, I find,are-attradted by
the loadftone, and have each of them two poles, though
~ thofeof an irregular figure have them more manifeftly ).
“The other particles are of a gold'colour; having, in gene-
ral, more or lefs of a palenefs approaching to the colour of
Platina. Some of thefe gold particles have the figure of
the reft of the platina; differing only from them in co-
lour, and. in not being fo bright, or as it were polifhed..
Others areirregplar mafies of indeterminate figure having
generally afpungy appearance. The moft part of thefe
gold.particles-were evidently attracted by the magnet, and
fhewed.upon the furface of the water their two diftinét
poles.. Thefe gold particles being put upon a piece of char-
coal, and the flame of a candle directed upon them by the
blowpipe of the chemical pocket’ Iaboratory, defcribed by
GUSTAVE VON ENGESTROM, publithed in the Englith
tranflation of CROWNSTED’s Mineralogie, run eafily into
round balls, which have all the appearance and quality
of real gold, except their being in.general magnetical or
having -two diftint poles. I make no doubt but this
magnetical quality is owing to fome platina mixed with
the gold. I could never melt a fingle particle of true
thining platinaby blowing ftrongly upon it with the blow-
pipe; the only change they underwent by this operation
was to lofe their brightnefs and the greateft part of their:

(a) If magnetifin is a criterion of iron, .there muft-be iroa in the platina;
but if the reft of this fubftance be gold, according to fome, why fhould
not this be precipitated together: with the gold added to it, by the addition of a
folution of green vitriol to the agya regia in which the two metals are diffolved ?

mag-
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friagnetical virtue. Having filled a fmall glafs tube with
that platina, 1 found each endof itattraéted both poles of a
compafs indifcriminately ; but being put to a fet of mag-
netical bars, it became a real magnet, having two diftin¢t
poles, which I could change at pleafure. I filled another
fmall tube with platina, the hollow of the tube being only
of fuch a fize, as to allow the particles of platina to go in
freely. I ftuck a pin in each end, and fixed the pins with
fealing wax. Idirected five or fix electrical explofions from
three very large jars through the tube; after which, I
found the platina had acquired no polarity. By looking
with a microfcope at the outfide of the tube, I found the
platina was much changed, {0 as to appear one uninter-
tupted cylinder of metal, all the interftices between each
particle being quite, in appearance at leaft, obliterated
and filled with bright metal. The places which were
~ hot bright, were become of a black hue, and appeared to
be parts of the platina not melted; which I found after-
wards to be thecafe. Tattempted to fhake the particles out
of the tube, but I could not fucceed. I could only force
out fome few at the opening with a pin. I fepérated a
little bit of the tube with a file, to puth out the cylinder
of platinay but could not fucceed without employing a
great force: therefore I beat fome part of the tube to
pieces with a hammer, and found each particle had un=
dergone a remarkable alteration. All of them appeared
in feveral places to have been melted, and fome little
ones feemed to have been intirely in a fluid ftate; they
all adhered in lumps together fo ftrongly, that many of

them
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them could abfolutely not be rubbed afunder between
the fingers. The infide of the tube exhibited marks of
having received impreffions of the melted metal. By
comparing the feparated particles of this plazina with
particles not expofed to an electrical explofion, they were
fcarce to be known for the fame fubftance. I had put
fome iron filings in a tube of the fame fize, and direted
the fame explofion through it, in order to compare the
effe¢t of eletricity upon it with what happened to the
platina. 1 found, by looking at the outfide, fomewhat of
the fame appearance of being melted. By cutting this
tube in fmall bits, I could eafily pufh out the filings with
a pin, which I could not do in the other cafe but with
great force. The filings ftuck together, as the particles of
platina had done; but with lefs force. By this experi-
ment it thould feem as if platina (which hitherto could
never be melted by common fire by itfelf, but only in the
Jocus of a very ftrong burning glafs, fuch as was a little
while ago made at Paris) were equally fufible, if not more
fo than iron, by eleétrical fire. 1 was fomewhat furprized
to find, that the particles of p/atina taken out of theafore-
faid tube, had got a remarkably ftronger magnetical
force, being attracted by a loadftone at a greater diftance,
and turning their poles more brifkly upon the water
than before, though the whole cylinder of thefe parti-
cles, ftill inclofed in the tube, gave no figns of having ac-
quired polarity.  Thus it appears, that common fire di-
minifhes the magnetical virtue of platina, and that elec-
trical fire increafes it; which I thought the more pro-
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bable, becaufe thofe very particles, which had acquired
by eleétricity their increafed magnetical force, did lofe it
again after being heated upon a piece of charcoal,which did
not happen in the particles of iron. Platina mixed with
lead was put upon an ordinary cupel in a docimaftic fur-
nace ftrongly heated. When the metal came to a folid
ftate, it was a flat rough lump, much heavier than the
crude platina. 1 put frefth lead to it, and cupelled it
again as before. I repeated it ten times, when I obtained
a large lump, fomewhat lefs flat, pretty {mooth, but not
bright; of about the fame weight as after the firft cupel-
lation(4), ‘This lump did not give the leaft fign of mag-
netifm, and even would not receive any by being applied
to ftrong magnetical bars (I forgot to try this after the
firft cupellation) and the fubftance was very brittle, nearly
of the fame colour as platina, and took a fine polith. If
it could tend to any ufeful purpofe, I would repeat thefe
experiments oftener, to be quite fure whether the event
would be conftantly the fame.

Though a piece of foft iron attracts the two poles of
a compafs indifcriminately, and is incapable of acquiring
polarity itfelf, yet I have never been able to feparate a
fingle particle of the fofteft iron, even when I fepa-
rated it carefully with a flint, or other body containing
no fteel or iron, without its giving evident figns of two
diftiné poles when floating upon water, nay even upon
paper. I could alfo never find iron filings of ever fo foft

(4) 1 loft the paper that contained the exalt weight before and after the cu-
pellation.
a {fubftance,
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a fubftance, but each particle feparately had evidently
two poles. Such iron filings mixed with bees wax, as
much as is fufficient to keep them together, got a ftrong
polarity by being touched with magnetical bars, and had
all the qualities of a magnet: the mafs is eafily cut with
a warm knife, and is very convenient for magneti-
cal experiments, fuch as Dr. kNIGHT made with fimilar
loadftones made of pounded magnets. I found alfo, that
each particle of thofe granulated iron ores of Sweden,
which are placed among the minere ferri retraliorie, {e-
parated iron from ftone, and had two diftant poles; and
that a piece of the ore itfelf became a tolerable good
magnet by being touched with the bars.

I am, &c,
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