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KXIV, Ow the Produttion of nitrous Acid and nitrous Air. By
the Rev. Haac Milner, B. D. F. R, S. and Prefident of
Queen’s College, Cambridge.

Read July 2, 1789.

i, J'T has been known for fome time, that a relation fubfifts

between nitrous acid and volatile alkali. The latter
has frequently been produced by help of the former; but I
do not recolle&t that, in any inftance, the volatile alkali has
been proved to contribute to the formation of nitrous acid or
nitrous air.  Some cafes, however, have occurred to me where
this evidently happens; and they appear fo new and extraor-

dinary, that I cannot but think they deferve the attention of

philofophical chemifts. The hiftory of the experiments 1
allude to is as follows.

2. Asfoon as I had heard of the produ&ion of inflammable
air by the tran{miffion of fteam through red-hot iron tubes, I
had the curiofity to try whether fome other fubftances in
the form of air or vapour might not, by afimilar procefs, un-
dergo material alterations. In particular, the nitrous acid

feemed well to deferve a trial, both on account of the obfcu-

rity and difficulties attending the theory of its produ&ion, and
alfo of its important and extenfive ufefulnefs in chemiftry.

In the relation of my experiments on this head, it will be
unneceffary to mention the exa& guantity of acid or of air ex-
pended or generated, though I noted thofe quantities pretty

accurately
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accurately at the time; for the main point I have in view in
this defcription, is to afcertain the nature of the changes which
took place; and thefe do not depend upon the quantities of
aerial fluids, but upon their properties. Befides, whoever
thall repeat thefe experiments will find the relative quantities
to vary very much, according to the manner of operating ;
and therefore, for the fake of brevity, I omit to mention
them entirely.

3. I began with boiling a little ftrong nitrous acid in a
fmall retort, the neck of which was clofely luted.to one end
of a gun-barrel. The other end of it was immerfed fome-~
times in water, and fometimes in quickfilver, and eighteen or
twenty inches of the middle part was furrounded with burn-
ing charcoal in a proper furnace. In this manner the vapour
and fumes of the boiling acid were tran{mitted through the
red-hot tube, and the produce received at the end in the ufual
manner, ‘

When the acid was made to boil violently, there pafled over
a confiderable quantity of undecompofed red nitrous vapour,
together with a mixture of nitrous and phlogifticated airs.

When the procefs was condutted more moderately, there
was lefs nitrous vapour ; and in the mixture of airs which was
received in the glafs veflels, there was a much greater pro-
portion of phlogifticated air.

4. In order to increafe the furface of the red-hot iron, and
effe® a more complete decompofition of the nitrous vapour,
the gun-barrel was crammed full of iron filings. ‘The experi-
ments were repeated with great caution, and almoft the whole
of the produce was found to be phlogifticated air. It is how-
ever proper to mention, that, notwithftanding every pofiible
care, {till there will generally be in fome degree an admixture

Vor. LXXIX. X x of
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of nitrous air, and frequently of dephlogifticated nitrous air.
But I am fatisfied that if the iron tube were fufficiently long,
fo that a very large portion of it might be heated red-hot, all .
the air received in this manner from any quantity of nitrous
acid flowly boiled would be found of that fpecies called phlo-
gifticated air.

5. Thefe experiments feem altogether analogous to thofe of
Dr. PriesTLEY, in which nitrous air, by expofure to iron, is
converted firft into dephlogifticated nitrous air, and afterwards
into phlogifticated air. The only difference feems to be, that
in my experiments the effe® is brought about fuddenly;
whereas in the method of expofition to iron much time is re-
quired. And farther, ic my method of operating, it is very
difficult to conduék the procefs fo as to infure the produion of
that fingular fpecies of air called dephlogifticated nitrous air,
If the acid boil very quick, the produét is nearly all nitrous
vapour and nitrous air. If it boilv;:fjr flow, and a fufficient
quantity of the iron tube be well heated, then the decompo-
fition is almoft complete, and little is received but phlogiti-
cated air. In both cafes, the progrefs of the converfion of
nitrous acid to the ftate of phlogifticated air feems to be the

fame. Firft, nitrous air is formed, then dephlogifticated ni-
trous air, and laftly phlogifticated air. ‘This, I fay, feems to
me to be the natural order of the converfion, though I do not
deny, that in the rapid manner of operating with the red-hot
iron tube fome particles of nitrous acid or vapour may pro-
bably be znflantly changed into phlogifticated air. And even
allowing this to be the cafe, the fa may eafily be explained,
by fuppofing the fucceflive approaches to phlogifticated air to
be made in too fmall fpaces of time to be obferved; nor does
it in the leaft invalidate the general conclufion, that nitrous

air
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air is nearer the ftate of phlogifticated air than nitrous acid or
nitrous vapour; and that dephlogifticated nitrous air is {ftill
nearer. It is very difficult to decide with certainty what the
changes are which the particles of the acid undergo in their
paffage through different parts of the hot tube.

From what has been faid, the moft common procefs will
probably appear to be, that a particle of the acid in the form
of vapour firft generates nitrous air; that the parts of this are
applied to freth furfaces of hot iron, and fuddenly changed into

“dephlogifticated nitrous air; which, laftly, is applied to fill
freth furfaces of the tube or fragments of iron, and fo con-
verted into phlogifticated air.  'When thefe {ucceffive contacts
with freth furfaces of hot iron are not fufficiently numerous or
exa&, it is not unnatural to conclude, that fome portion of air
may efcape not perfeétly decompofed. '

6. Thefe confiderations induced me to alter the procefs a
little, Inftead of boiling the acid in the retort, I put fome
thin pieces of copper into a phial, poured nitrous acid upon
them, and forced the nitrous air, as it was generated, to pafs
through the red-hot tube. The event anfwered my expefta-
tion ; the decompofition was effeCted in this way eafier than in
the former.

But before I made this experiment, I examined what would
be the effe@® of mere heat upon nitrous air, as I had already
learned’ from the experiments of others, that nitrous acid,
forced in the form of fteam through red-hot tubes of clay or
glafs, underwent the moft important alterations.

- What might be the effe of long continued expofure to a
red heat T cannot fay ; but I was foon convinced, that nitrous
air might be forced through a red-hot glafs tube, without
fuffering any material change.

Xx2 7. Lattly,
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. Laftly, T determined to try the effe& of the gun-barrel
upon deplilogifticated nitrous air, as from all that I had feen
it feemed reafonable to expe, that this fpecies of air would
be the eafieft reduced to the flate of phlogifticated air. For
this purpofe, I diluted a faturated folution of copper in the
nitrous acid, and put pieces of iron wire into it, and ‘as the
neck of the retort which contained the {olution was luted to
one end of the gun-barrel, the dephlogifticated nitrous air
was expofed in its paflage to the altion of the red-hot tube,
and alfo to the furfaces of the red-hot iron turnings which it
contained. In this cafe, when the procefs is condu&ted with
proper care, all the air which is received at the other end of
the tube will be found phlogifticated.

8. When the air received at the end of the gun-barrel
was 1n the laft mentioned f{tate, wiz. perfettly phlogifti-
cated, I have frequently obferved a white fume iffuing along
with the air, and fometimes afcending through the water or
mercury into the glafs receivers. Upon examining this white
fume, I foon perceived by the {mell that it contained volatile
alkali, I was much ftruck with the obfervation, and imme-
diately recolle&ted Dr. PrisTLEY’s relation of a fimilar pro-
du&ion by expofing nitrous air to pieces of iron.

9. Moft of the experiments hitherto related were made in
the fummer of 1786; in general they agree with thofe of
Dr. PriesTrEY; the changes and produtions are much the
{ame, and the only new circumftance is, as was obferved at
art. 5. The {ame effelts are brought about zmffantly by the
altion of red-hot iron, which require much time by the me-
thod of fimple expofure to cold iron.

For which reafon, though it gave me much pleafure at the
time to fee fuch curious tranfmutations brought about in a few

minutes,
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minutes, yet it {carcely appeared worth while to trouble the:
Royal Society with a detail of the experiments; and I only
prefume to do it now, becaufe the conjeftures which T then
formed have been fufficiently verified by future experiments.

The conjeétures were as follow :

10. Almoft immediately upon {eeing the volatile alkali
produced by means of nitrous acid and metals, I conceived
the poffibility of inverting the order of the procefs, and of
producing nitrous acid or nitrous air by the decompofition of
volatile alkali. I knew of no experiments wherein this had
been done, or any thing like it; yet as volatile alkali was
beyond all difpute produced in the method juft defcribed, and
as the iron turnings and infide of the gun-barrel were left after
the operation in a flate of calcination, it feemed not unna-
tural to fuppofe, that by forcing volatile alkali through the
red-hot calces of fome of the metals, nitrous acid or
nitrous air might be produced. Some of my friends, to
whom I mentioned the idea, confidered it as a random con-
je€ture.  However, I made a memorandum of it as a thing
that deferved to be tried, though in fa I negle@ed for near
two years attually to make the trial, It was fome time in the
month of March, 1488, that the calx of manganefe on ac-
count of its very great infufibility, and its yielding abundance
of dephlogifticated air, occurred to me as a very proper {ub-
ftance for the purpofe. I immediately crammed a gun-barrel
full of powdered manganefe; and to one end of the tube I
applied a {mall retort, containing the cauftic volatile alkali.
As foon as the manganefe was heated red-hot, a lighted can-
dle was placed under the retort, and the vapour of the boiling
volatile alkali forced through the gun-barrel, Symptoms of
nitrous fumes and of nitrous aix feon difcovered themfelves,

and
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and by a little perfeverance I was enabled to colleé confidera-
ble quantities of air, which on trial proved highly nitrous.
I have fince frequently repeated this experiment, and have
always in fome degree fucceeded. Much depends on the Zind
of manganefe employed, much on the heat of the furnace,
and much on the patience of the operator; as thefe are va-
ried, there will be great variations of the produ&ts. A minute
detail of all the particulars of my experiments feems unne~
ceflary ; but it may be proper to give a general account of the
principal fa&s, and of the methods which were ufed to avoid
erroncous conclufions,

11. In general I made ufe of clean gun-barrels with which
no previous experiments had been made. The manganefe
was ufed in rough powder; for when it 1s too finely pow=
dered, the tube is choaked, and the air cannot pafs.

In fome experiments T applied the vapour of the volatile
alkali dire¢tly to the hot manganefe. In others I fuffered
the manganefe to remain a confiderable time in a red heat
before I made the volatile alkali, contained in the retort at the
end of the tube, to boil; and by this means I informed my-
felf of the nature of the airs which the manganefe yielded
per fe. '

In neither cafe could I ever perceive the leaft appearance of
nitrous acid or nitrous air till the volatile alkali was ufed.
Manganefe, per f¢, gives airs of different kinds (but chiefly
fixed and dephlogifticated airs) as foon as ever it is fubjected
to a confiderable heat; but nothing nitrous comes from it,
either on the firft application of heat, or after it has been con-
tinued a long time ; and I examined this point with great dili-
gence. But foon after the volatile alkali begins to be applied,
the jars i which the air is received will frequently turn

flightly
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flightly red, and this rednefs will increafe on admitting atmo-
{pherical air.

The cauftic alkali fhould be ftrong, and as far as T have ob-
ferved the longer the procefs is continued, the ftronger will
be the nitrous air produced. At leaft this evidently appeared
to be the cafe in feveral inftances; where the operation was
continued for a long time.

In moft inftances, on the very commencement of this pro-
cefs, a{mall jar of the air thus colletted difcovers by the fmel!
a nitrous impregnation. But it fometimes happens, that feve-
ral jars of air may be colle&ted, and the admiffion of atmo-
{pherical air to them will not produce a fenfibly red colour.

Here, however, there exifts a caufe of deception againft
which the operator ought to be on his guard, left he fhould
conclude that no nitrous air is formed, when in reality there is
a confiderable quantity. The volatile alkali, notwithftanding
every precaution, will frequently pafs over in great quantities
undecompofed, If the receivers are filled with water, a great
part of this will indeed be prefently abforbed; but ftill fome
portions of it will mix with the nitrous air formed by the pro-
cefs. Upon admitting the atmofpherical air, the nitrous air is
decompofed, and the red nitrous fumes inftantly combine with
the volatile alkali. The receivers are prefently filled with
white clouds of nitrous ammoniac; and in this manner a
wrong conclufion may eafily be drawn, from the want of the
orange colour of the nitrous fumes. A confiderable quantity
of nitrous air may have been formed, and yet no orange
colour appear, owing to this circumftance ; and therefore it is
eafy to underftand how a fmall quantity of nitrous air may be
moft effectually difguifed by the fame caufe.

3 12. Thefe
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12. Thele obfervations are made principally for the fake of
thofe who may with to repeat thefe experiments. ‘The main
point to be eftablifhed, is the attual formation of nitrous air
by this method.  And this truth I confider as proved beyond
all controverfy ; for by continuing the procefs patiently, and
applying repeatedly freth portions of ftrong volatile alkali to
the fame manganefe, kept conftantly hot in the gun-bérrel, 1
have often colleted large jars of air, which was proved to be
highly nitrous by mixture with atmofpherical or with dephlo-
gifticated air,

13. It is ot ealy to fay, whether in this procefs dephlo-
gifticated nitrous air, or even nitrous acid itfelf, be not fome-
times immediately formed by the action of the volatile alkali
on the manganefe. Traces of the former, in fome inftances,
- feem to difcover themfelves; but I do not {peak decidedly on
this head. As to the latter, it 1s very certain, that fumes of
the nitrous acid often circulate in the jars that receive the air.
But poffibly thefe fumes may arife from the decompofition of
nitrous' air, by means of the fuperfluous dephlogifticated air
of the manganefe. |

14. The fteam of boiling water was applied to red hot man-
ganefe in a fimilar way ; not the leaft nitrous appearance; but
the fixed and dephlogifticated airs were generated much more
plentifully than when the manganefe was urged by mere heat.’
When thefe airs had been colle¢ted in large quantities, the
volatile alkali was applied as before to the refiduum of the
manganefe, and nitrous air foon appeared.

15. As manganefe is known to produce a very extraordinary
change upon fpirit of falt in a moderate heat, it feemed not
improbable, that a ftill greater change might take place by
working in this method. Accordingly I forced the vapour of

3 \ . boiling



nitrous Acid and mitrous Air. 309

boiling fpirit of falt to pafs through red-hot manganefe. - This
experiment did not an{wer my expeltation ; the product was a
mixture of fixed and inflammable air. But it deferves to be’
noticed, that even in this cafe, after the effet of the {pirit of
falt had been tried for a long time, a produion of nitrous air
upen the application of volatile alkali to the fame manganefc
foon took place. '

16. As there are many other {ubftances befides the calx of
manganefe, which are known, per f2, to afford dephlogifti-
cated air, or a mixture of this with fixed air, it was natural to
conclude from analogy, that fuch fubftances upon the applica-
tion of volatile alkali would not fail to afford nitrous air.

It is beft, however, in thefe matters to truft as little as pof- -
fible to conjeCtures, and to bring every opinion to the teft of
experiment. Manganefe is {o fingular a fubftance, that it is
perhaps hardly fafe, from what happens in making trials with
it, to infer in any inftance of another calx of a metal a fimi-
larity of effeét. Red lead, however, is known to agree in’
fuch a variety of chemical effets with manganefe, that I find
it difficult to perfuade myfelf that the volatile alkali properly
applied to it would not yield nitrous acid or nitrous airj; "
yet I have hitherto in vain attempted to bring this about. The
red lead, indeed, melts during the procefs, flows into the
cooler parts of the tube, and often choaks the paffage of the
air; but in fome trials a great deal of air has been colle&ed
before that happened, and without any {ymptom of a nitrous
mixture. It feems difficult to explain the reafon of the failure ;
perhaps with a better adapted apparatus, and more perfeve-
rance, either the prodution in queftion may be obtained, or
the caufe of the failure difcovered.

Vor. LXXIX. Yy 17. With
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~, With calcined green vitriol I had much better fuccefs,
‘The falt was calcined to whitenefs, and put into a gun-barrel 5
and, after feveral trials of forcing the volatile alkali through
the hot tube, I procured by the operation fome ounces of
{ftrong nitrous air.

So extraordinary an effe¢t would no doubt have proved
highly grateful to the ancient chemifts, and have been by them
denominated a tranfmutation.

In the courfe of my enquiries, I confidered this experiment
as important, becaufe it proved, that the fame combinations
might take place when fubftances were made ufe of different
from manganefe.

18. As calcined green vitriol, per /2, in a ftrong heat yn.lds
dephlogifticated air, I had now no doubt but that any fub-
ftance which had this property might, by fimilar treatment,
be made to afford nitrous air.

But in this {uppofition 1 was entirely -miftaken. The vola-
tile alkali was applied to fome calcined alum at the moment
when it was yielding in a ftrong heat plenty of dephlogifti-
cated air. The produ@ was an aftonithing quantity of in-
flammable air, mixed with hepatic air and actual {fulphur. The
refiduum of the alum had a ftrong hepatic {mell, and contained
particles of perfeltly formed fulphur.

Moft of thefe experiments, if not all, were repeated in
earthen tubes inftead of gun-barrels, and with the fame
fuccefs,

19. It now only remains, that I thould briefly propofe what
occurs to me as the probable theorv and explanation of the
fa&s related.

The mgrednents which enter into the compofition of ni-
trous acid {feem to be the two principles of elements of the atmo-

{phere,
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fphere, viz. phlogifticated and dephlogifticated air. That this
is the cafe, there feems little reafon to doubt. Both the com-
pofition and decompofition of nitrous acid renders the fuppofi-
tion probable. For, ’

1. Nitrous air and dephlogifticated air by mixture produce
nhitrous acid ; and nitrous acid, by mere heat, is converted into
a mixture of phlogifticated and dephlogifticated airs.

2. Nitrous air, by the methods already related, is changed
into phlogifticated air, and thefe methods feem to confift in
abftra&ting from the nitrous air a quantity of dephlogifticated
air.

3. When nitrous acid and nitre aré produced in a natural
way, the procefs is not well underftood; but the prefence of
the atmofphere is known to be neceflary,

4. Mr. CAVENDIsH’s experiment is decifive on this point.
The union of the two airs in queftion is effeted by means of
the ele@rical {park, and nitrous acid is the produ&.

- In the next place we are to confider, that volatile alkali
contains phlogifticated air; for,

1. Volatile alkali, by mere heat, or by the ele@rical fpark,
is changed into a mixture of phlogifticated and inflammable
air; and,

2. The refiduum of volatile alkaline air, after the calces of
lead have been revived in it, 1s phlogifticated air.

Therefore, when volatile alkali, in the form of fume or air,
is applied to red*hot manganefe, or calcined green vitriol (fub-
ftances which are then yielding dephlogifticated air), with
thefe fa&s in view, it feems not difficult to conceive, that one
of the ingredients of the alkali, viz. phlogifticated air, (hould
combine with dephlogifticated air, and form nitrous acid or
nitrous air. If nitrous acid be formed, it will indeed in that

Yyz heat,
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heat, as has been obferved, be inftantly decompofed; but if
the effe@ of the union be nitrous air, that will {uftain the heat
without decompofition. How it happens, that nitrous air thould
be formed, and not nitrous acid, or what the reafon is, that.
nitrous air can fuftain a red heat without decompofition,
when nitrous acid cannot, 1 am unable to fay ; and it is better
to acknowledge our ignorance than advance groundlefs con-
je&ures. So much, I think, may be pronounced as certain,
viz. that nitrous air contains lefs depblogifticated air than ni-
trous acid ; becaufe it requires the addition of dephlogifticated
air to become nitrous acid.

And, laftly, if T miftake not, the experiment with the cal-
cined alum proves, that, in order to produce nitrous air, it is
not {ufficient merely to apply volatile alkaline air to a fub-
ftance which is actually yielding dephlogifticated air.

Perhaps the prefence of -another fubftance is required, which
has a ftrong attraion for phlogifton. Perhaps, in the experi-
ments with the calces of manganefe and of iron, the inflam-
mable principle of the volatile alkali combines with the calces
of the metals, and the phlogifticated air, the other component
part, unites with the dephlogifticated air ; and if fo, it feems
not improbable to fuppofe, that when alum is made ufe of,
the inflammable principle of the volatile alkali having little or
no attraltion for clay, the bafis of the alum, fhould combine
with its acid and form fulphur. If this reafoning be true,
then it follows, that the vitriolic acid has a ftronger affinity to
the inflammable principle than it has to phlogifticated air ; and
the procefs with the green vitriol and manganefe is to be ex-
plained by the operation of a double affinity : the inflammable
principle of the volatile alkali joins with the calx of iron, the

bafis
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bafis of the vitriol, or with the manganefe, and the phlogifti-
cated air with the dephlogifticated air produced by the acid in
the red heat. ;

- Thofe who chufe to reje&k the doétrine of phlogifton mufk
make the neceffary alteration in thefe expreflions; but the
reafoning will be much the fame.




