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§ I. Introductory—Although it is a generally recognised fact that
the composition of the gases evolved when metals are dissolved in
nitric acid depends not only on the metal employed, but also on the
strength of the acid and the temperature at which the reaction takes
place, no sufficient examination of the influence of these various
factors on the nature of the gaseous product has ever been made:
and what is even more remarkable, no quantitative determination of
the amount of gas produced by the dissolution of a given weight of
any metal in acid of a certain strength appears to have been at-
tempted.

It is not easy to understand how so important a problem as that
of the action of metals on nitric acid should have so long been re-
garded, we may almost say, with complete apathy by chemists.
Doubtless the difficulty of collecting the gaseous product without loss
and in a pure state, and of analysing the somewhat complex mixtures
obtained—difficulties which are now entirely removed by the invention
of those most important engines of research, the Sprengel-pump and
the gas-analysis apparatus—has in part contributed to this; pro-
bably, however, it is chiefly attributable to the influence of the
dogmatic teaching to which we have long been subject in these
matters: for in scarcely any of our text-books is the least attempt
made to explain the changes which result in the formation of the
various oxides of nitrogen and of nitrogen itself. We find merely
the statement that they are the products of the more or less complete
deoxidation of the acid, and a single equation is invariably used to
express that which undoubtedly involves a series of changes, and
should therefore be represented by a series of equations; indeed, as
a rule, explanatory equations are conspicuous by their absence from
our text-books, and hence one of the most effective means of awaken-
ing a desire in the student to analyse the phenomena brought under
lds notice remains undeveloped.

The views which were long entertained with regard to the action of
metals on nitric acid are succinctly stated in the following extract
from Gmelin’s Chemistry (Bnglish translation, vol. ii, 1849, p. 397) :—
* Nitric acid,* at ordinary temperatures or at the boiling point, oxidises
all metals, excepting silicium, titanium, tantalum, platinum, rhodinm,
iridinm, and (under ordinary circumstances) gold. The resulting
metallic oxides (except those of tungsten, tellurium, tin, and arsenic)
combine with the undecomposed portion of the acid and form salts.

In this reaction the portion of acid which oxidises
the metal is converted sometimes into hyponitric acid, sometimes into
nitric oxide, nitrous oxide, or nitrogen gas, or—if the metal at the

* By nitric acid is here meant the compound represented by the formula NO;
(© =8).
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same time decomposes water, the hydrogen of which then combines
with the nitrogen of the acid—into ammonia. Which of the above
products is formed depends partly on the affinity of the metal for
oxygen, partly on the temperature and eoncentration of the acid.”

The explanation herein contained, although perfectly sufficient as
long as the older theory of the mnature of acids and of the forma-
tion of salts prevailed, ceased to be so when the acids came to be re-
garded as hydrogenised compounds (“ bydrogen salts ”’) ; nevertheless,
the language nsed in most chemical works, even ab the present day;is
almost invariably such as to lead the reader to attribute the reduction
which nitric acid undergoes when acted upon by metals, to the metal
itself, whereas it can scarcely be doubted that it is due, not to the
direct action of the metal, but to the action of the hydrogen displaced
from the acid by the metal. Miiler’s Elements of Chemistry (5th
ed., 1874, vol. ii, p. 154), however, is the only text-book in which it
is to our knowledge that this latter explanation is given.

§ I1. Theory of the Formation of the various Products obtained on
dissolving Metals in Nitric Acid.—From what is already known on the
subject, and from our own experiments, we believe the following to be
the most consistent and probable explanation which can be given of
the formation of the gaseous and other products obtained by dissolving
various metals in nitric acid.

We regard the action of the metal as consisting simply in the dis-
placement of the hydrogen of the aeid and the formation of the cor-
responding nitrate in the manver expressed by the following equation,
in which R denotes the amount of any metal which is equivalent in
combining or displacing power to two atoms of hydrogen:

1. R 4 2HNO, = R(NO,), + 2H.

Under no circumstances, however, is the hydrogen thus displaced
evolved as such ; it at once acts on the free acid present (and even, in
some cases, as we shall show later on, also dbn the metallic nitrate
which has been formed), reducing it more or less completely to nitrous
acid, mitrosidic acid,* hydroxylamine, or ammounia, as shown by the
following equations:

2. HNO; + 2H = HNO, + OH,.
3. HNO; + 4H = HNO +.0OH..
4. HNO; + 6H = NH,(OH).+ v 0%
5. NHO; + 8H = NH; +2,0H.,.
* We employ this name to designate the acid—if, indeed, it be an acid—the salts
of which were first described by Divers in 1870 (Roy. Soc. Proc., p. 425), in prefer-

ence to that of hyponitrous acid, as it may be regarded as a compound of nitrosyl
(NO) with hydrogen.
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The gases which are evolved on dissolving metals in nitric acid
result, we believe, from the decomposition of these reduction products
and from their action upon each other.

The nitric oxide is chiefly, if not entirely, formed by the decomposi-
tion of the nitrous acid, in accordance with the equation :

6. 8HNO, = 2NO + HNO; + OH..

We say chiefly, if not entirely, as it is possible that some nitric oxide
may be produced from the nitrosidic acid since, according to Divers,
although silver nitroside (AgNO) is soluble in dilute nitric acid with-
out immediate decomposition, it is immediately oxidised by the con-
centrated acid, copious red fumes making their appearance; and
moderately diluted nitric acid decomposes it with evolution of nitrogen,
and production of apparently both nitrous and nitric acids in the
solution. Tt is also possible that hydroxylamine may furnish nitric
oxide on oxidation with nitric acid.

The nitrous oxide is in all probability chiefly the product of two
distinet changes, viz., a, of the spontaneous decomposition of nitrosidic
acid, which, as Divers has shown, breaks up with the greatest readi-
ness into nitrous oxide and water; thus:

7. 2HNO = N0 + OH;;

and b, of the action of nitrous acid on hydroxylamine, which, as
V. Meyer has shown, takes place in the following manner :

8. NH,(OH) + HNO, = N,0 + 20H,.

Finally, we regard the mitrogen as chiefly the product of the action
of the nitrous acid on ammonia :

9. NH, + HNO, = N, + 20H,,

but it is perhaps in some cases in part, and in others entirely, the pro-
duct of the action of nitric acid on nitrosidic acid.

The explanation we have advanced cannot be regarded as complete
until the action of the various reduction-products upon each other
under all the conditions which ean occur in practice has been rigor-
ously investigated—a task of no slight difficulty and magnitude; but
before undertaking this, it appeared desirable to gain more definite
information as to the behaviour of various metals, and especially as to
the quantitative relation which the amount of gas produced bears to
the amount of metal dissolved.

§ II1. Method of FEuperiment.—In all our experiments we have em-
ployed weighed quantities of metal, and before bringing the latter into
contact with the acid, the air has been exhausted as completely as
possible from the apparatus; we have then allowed the action to take
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place, and have afterwards collected, not oenly the gas evolved spon-
taneously, but also that given off on repeatedly heating the nitric
acid solution in a vacuum. The total quantity of gas obtained has
always been measured, and its composition determined ; in most cases
the gas evolved during the dissolution of the metal and on subse-
quently exhausting previous to heating has been collected apart from
that evolved on heating, and the two portioms separately analysed ;
sometimes the gas has been pumped off at various intermediate stages
of the operation and the several portions separately analysed. In this
way much information has been obtained which is of value in the dis-
cussion of the sources of the gases evolved.

The apparatus employed in most of our experiments consisted of a
glass flask formed by expanding the one end of a piece of half-inch
tubing about 4 inches long into a bulb of about 25 c.c. capacity, at a
short distance above which was blown on the side of the tube a small
bulb or pocket for the reception of the metal, the acid being placed in
the lower bulb. The flask was closed by a caoutchouc plug, through
which passed a narrow glass tube, provided with a stop-cock, bent
twice at right angles; by means of this tube the flask was connected
with a U-tube filled with pieces of solid potassium hydroxide, the
U-tube being in connection with the Sprengel-pump.

It was impossible with this apparatus to employ concentrated nitric
acid ou account of its action upon the caoutchouec-plug, and also on
account of the metal becoming acted upon by the vapours of the acid
before the exhaustion was complete. A more perfect form of appa-
ratus was therefore devised, consisting of a flask similar to that just
described, but having a ground-glass stopper through which passed
the tube of a dropping funnel provided with a stop-cock. It is repre-
sented by the figure on p. 59.

Although it is not to be expected that with an arrangement of the
kind ‘described the ingress of air can be entirely prevented, we have
found that if all the joints are kept covered with glycerin, the leakage
i so slight in the case of the glass apparatus, that practically the
result is uninfluenced thereby ; but in the case of the simpler form of
apparatus, there is undoubtedly an appreciable error introduced, in
consequence, probably, of the diffusion of air through the caoutchounc-
plug.

In making an experiment, the weighed piece of metal (as a rule
foil was used) was placed in the pocket of the flask, and the acid
—of which 15 c.c. were usually employed—was either poured into the
lower bulb of the flask or sucked into the dropping funnel; the various
parts of the apparatus having been connected together, the Sprengel-
pump was set in action and the pumping continued until the exhaus-
tion was judged suflicient, when the metal was tipped into the acid.
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In most cases pumping was not re-commenced until the metal was
entively dissolved ; it was then carried on as long as an appreciable
amount of gas was delivered. The stop-cock in the tube connecting
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the flask with the U-tube containmng potassium hydroxide was now
closed, and ‘the bulb of the flask surrounded with water heated to
about 50°—60°; after heating it in this manner for a few minutes, it
was surrounded with cold water, and when cold the stop-cock was
opened and the gases which had been evolved from the solution were
pumped off. This alternate heating, cooling, and removal of the gases
evolved was then several times repeated, until, in fact, the quantity of
gas obtained was almost inappreciable—which was usually the case
after the second or third heating.
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The mixture of nitric oxide, nitrons oxide and nitrogen obtained
was analysed in the usual manner: the nitric oxide being determined

by the addition of an excess of oxygen in presence of potassium hy-

droxide solution and subsequent removal of the unabsorbed oxygen by
means of pyrogallol; the nitrous acid by explosion with hydrogen.
It was frequently necessary to add a known volume of oxygen with
the hydrogen in order to secure an explosion when the mixture con-
sisted chiefly of nitrogen. The excess of hydrogen remaining after
the explosion was usually determined in owder to check the determina-
tion of mitrous oxide. The analyses were almost invariably performed
in duplicate. The results of the nitric exide determinations were
almost wniformly satisfactory, but the estimation of the nitrous oxide
in the extremely small amount of gas frequently remaining after the
removal of the nitric oxide was not always satisfactorily effected ; no
difficulty, however, was experienced in the analysis of mixtures rela-
tively rich in nitrous oxide of which a fair amount was available for
combustion,

§ IV. Mode of stating: the Results.~—In order to facilitate the com-
parison of the results obtained with various metals and under various
conditions, they are exhibited in the form of tables, in which are given
the weight of metal taken; the temperature of the acid at the com-
mencement of the experiment; the strength of the acid, of which,
unless otherwise stated, 15 c.c. were always employed ; the number of
c.c. of gas obtained ; the percentage compesition of the gas; and the
number of c.c. of gas per unit-weight of metal, te., the guantity of
metal equivalent to 2 grams of hydrogen.

§ V. Action of Copper on Nitric Acid.—The results of our experi-
ments on the action of copper on nitric acid of various strengths are
exhibited in Tables T and II. In discussing these results it will be
necessary to consider, @, the composition of the gas evolved with various
strengths of acid, it being remembered that, unless otherwise stated,
whatever the strength of the acid, the same number of c.c. (15) of
liquid was always placed in the bulb of the flask ; b, the influence of
temperature on the composition of the gas, as to which, however, we
have hitherto made very few experiments; ¢, the volume of gas
measured at 0° C. and under a pressure of 760 mm. of mercury ob-
tained per unit-weight of metal; and d, the alteration in the composi-
tion of the gas due to the presence of varying quantities of cupric
nitrate.

If the results of the experiments with acid of strength 1:2 (Nos.
171 to X inclusive) are compared, it will be seen that on the whole
the composition of the gas evolved is remarkably constant, from about
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97 to 98 per cent. being nitric oxide, the residue in all cases consisting
of nitrous oxide and nitrogen. The composition of this residue
appears, indeed, to be somewhat variable » but in considering the com-
position of the residue it is to be remembhered that the apparatus
cannot be completely exhausted of air before the metal is brought into
contact with the acid; that probably there is a slight leakage in of
air during the experiment; and that it is difficult to avoid errors in
the analysis of the gas remaining after the removal of the nitric oxide,
as the quantity which remains is extremely small, even if as much as
10 c.c. be analysed—and more than this was seldom employed, from
5 to 7 c.c. being the quantity usually taken for an analysis. Taking
the average of the experiments, we are probably not far wrong in
assuming that slightly more nitrous oxide than nitrogen is produced.

Turning now to the experiments with more concentrated and with
weaker acid, it will be seen (Experiment II) that, having regard to
the composition of the gas produced, the 1 : 1 acid has about the same
action as the weaker 1 : 2 acid, but the result obtained with the more
concentrated 1 : 0 acid (Experiment I) is very different, probably in
consequence of the retention of the nitrous acid by the nitric acid.
The 1 : 4 acid (Experiment XI) furnishes a gas containing only about
94 per cent. of nitric oxide, but about twice as rich in nitrous oxide as
that furnished by the 1 : 2 acid. With the 1: 8 acid (Experiments
XIT and XIIT), the diminution in the proportion of nitric oxide and
increase in the proportion of nitrous oxide and of nitrogen is very
marked indeed; so that commencing with the 1: 2 acid, it appears
that nitrous oxide is produced in an increasing proportion as the
strength of the acid diminishes; at the same time the rate at which
the copper dissolves alse diminishes, but of this we shall say more
presently.

The only observations we have instituted as to the influence of tem-
perature have been with the 1: 2 acid. Of eight experiments with
this acid, six were made by allowing the metal to dissolve in it at the
atmospheric temperature ; but in the other two (IX and X) the acid
was heated to about 50° and 90° respectively before introducing the
metal into it, after which the heating was not continued. The metal
dissolved much more rapidly in the hot acid, especially in that heated
to about 90°; but the gas obtained scarcely differs in composition
from that gererated on allowing the metal to dissolve at the ordinary
temperature.

The volume of gas obtained per unit-weight of metal (634 grams)
dissolved varies considerably, even in experiments with the same
strength of acid: thus, of two experiments with 1:2 acid (IV and
VII), the one gave 14928 c.c., and the other only 8584 c.c. This, how-
ever, is probably due to the retention of the nitrous acid in solution,
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for we have found that the amount of gas obtained by decomposing
silver nitrite by nitric acid varies according to the strength of the
acid, being greater the weaker the acid. It is always less, however,
than is required, on the assumption that the nitrous acid is decom-
posed in accordance with the equation:

SHNOQO, = 2NO 4+ HNO; + OH,.

For example, in an experiment in which 4493 gram silver nitrite
was decomposed by 15 c.c. 1 : 2 acid, 11,975 c.c. of nitric oxide were
obtained instead of 14,880 c.c. required by theory, if 1 litre of hy-
drogen at 0° and under the pressure of 760 mm. of mercury weigh
‘089578 gram (Regnault), and 30 grams of nitric oxide are con-
tained by a space of 22:320 litres. We may mention that the decom-
position was effected in the glass apparatus shown on p. 59, and that
the gas as collected contained 99-25 per cent. nitric oxide; whereas in
three similar experiments made at the commencement of the inves-
tigation in which the apparatus provided with a caoutchouc stopper
was employed, the gas as collected contained nearly two per cent. of
nitrogen. That the decomposition of nitrous acid is especially retarded
by nitric acid there can be no doubt ; for if sulphuric acid be employed,
the nitric oxide is given off with greater facility and in larger amount.
Indeed, in three experiments which fuornished closely accordant results
in which silver nitrite was decomposed by a 10 per cent. solution of
sulphuric acid, we actually obtained more than the required quantity
of nitric oxide, viz., 15800 c.c. The amount of nitric oxide obtained
depends, however, very much on the manner in which the experiment
is conducted. Gas is at once given off when the acid and nitrite are
brought into contact, and a further quantity is evolved as the apparatus
is exhausted ; butb after a time the pump ccases to deliver any appre-
ciable gnantity of gas, and in order to decompose any portion of the
nitrous acid remaining in solution within a reasonable time, it is neces-
sary alternately to heat the liquid, and then to cool it and pump off
the gas in the manner previously described. If weak nitric acid be
employed, it is possible by repeating the heating, &c., a sufficient
number of times entirely to decompose the nitrous acid in solution,
but apparently no amount of heating will effect this if the acid be
concentrated; it remains to be investigated whether the nitrous acid
is merely held in solution by the nitric acid, or whether it is not
actually combined with it—a supposition which cannot be regarded as
altogether unwarranted. When copper is dissolved in nitric acid, the
gas is evolved in a precisely similar manner, a portion being given off
during the dissolution of the metal, a further portion on exhausting,
and a very considerable proportion on heating, &c.; but the amount
of nitric oxide furnished previous to the application of heat is, as a
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rule, less than when silver nitrite is decomposed by nitric acid, and
the gas is also given off with much less facility on heating. In fact,
the presence of the copper salt appears to exercise a special retarding
influence on the decomposition of the nitrous acid, such as no other
metal possesses of which we have examined the action on mnitric acid.
Thus, in the case of zinc, we have found that after the second or third
heating the amount of gas evolved is inappreciable, whereas with
copper a measureable quantity of gas is often obtained at the eighth
or tenth heating. In Experiment VIII, for example, only about one-
third of the gas collected was given off in the cold, and the heating
had to be ten times repeated before gas ceased to be evolved. It is
not improbable, therefore, that in certain cases in which low numbers
were obtained (Experiments VII and IX), the heating, &ec., was not
repeated sufficiently often to entirely decompose the nitrous acid pro-
duced during the dissolution of the metal.

If the nitric oxide be, as we have supposed, derived from nitrous
acid, the unit-weight of metal should furnish 14880 c.c.; thus:

Cu + 2HNO; = 2H + Cu(NOj;)..

2H 4+ HNO; = HNO, + OH,.
38HNO, = 2NO + HNO; + OH,.
.". 3Cu = 2NO or 44640 litres.
and Cu = 22829 or 14880 c.c. NO.

It will be noticed, however, that without taking into account the
relatively small quantity of nitric oxide and nitrogen obtained,
slightly more than this amount of nitrous oxide appears actually to
have been produced in one case (Experiment IIT); while in three
others (Experiments IV, X, and XIV) the nitric and nitrous oxides
and nitrogen together are somewhat in excess of the amount which,
according to our hypothesis, can be produced. This is probably in
the case of Experiments III and IV, at least in part due to the accu-
mulation of a number of positive errors of experiment. In both the
gas was collected in five portions; of each of these a portion was
analysed, and if the analysis was satisfactory, the remaining portion
was merely measured; while if the analysis appeared doubtful, the
remaining portion was also analysed, so that the total volume is deduced
from ten measurements. Moreover, as in the one experiment '92 and
in the other ‘918 gram of copper was taken, any error in the mea-
surement of the gas is multiplied nearly seventy times in calculating
the volume of gas per unit weight of metal; so that a small initial error
becomes magnified into a large one. This explanation, however, does
not apply to Experiments X and X1V, and for the present we must
hesitate to attribute the excess entirely to errors of experiment, espe-
cially since, as was above stated, we have also obtained more than the

VOL. XXXIL F
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theoretical amount of nitric oxide on decomposing silver nitrite by
dilute sulphuric acid; and on this account it is obviously undesirable
also to attempt any further explanation until the decomposition of
nitrous acid under various conditions has been carefully studied.

One of us has previously shown (J. J. Acworth, this Journal, 1875,
p- 830), that when nitric oxide is prepared in the ordinary manner by
acting on copper with nitric acid, the gas evolved gradually becomes
less pure, and especially richer in nitrous oxide, as the amount of
cupric nitrate dissolved in the liquid increases; and it was found that
if cupric nitrate were added in the first instance to the acid, the
amount of nitrous oxide in the gas produced was very much greater
in all stages of the experiment than when the acid alone was employed.
But in these experiments relatively large quantities of acid and of
copper were used, and portions only of the gas evolved were collected
at intervals and analysed. In order therefore, if possible, to ascertain
the nature of the influence exerted by cupric nitrate, we have made
several experiments in the manner already described, but dissolving
nitrate in the acid before bringing the latter in contact with the metal.
The results we have obtained are exhibited in Table II.

Apparently the reaction which leads to the production of the nitrons
oxide does not take place to any great extent, unless a relatively large
amount of the nitrate be present, or the solution be very concentrated.
Thus the gas evolved by the action of 1 : 2 acid, saturated with cupric
nitrate (Experiment XVII), contained nearly 10 per cent. of nitrous
oxide and a somewhat higher proportion of nitrogen than would have
been obtained in the absence of the nitrate; whereas in an experiment
(XV) in which acid of the same strength but only 5 grams cupric
nitrate were taken, the gas evolved contained about twice as much
nitrous oxide as would have been obtained without the addition of the
nitrate. Experiment XVI, in which the conditions were precisely
similar to those in Experiment XV, furnished a somewhat different
result; but the determination of nitrous oxide in this case was un-
satisfactory, and we believe that the number given in the table is con-
siderably too low. It should be mentioned that the copper was very
much more rapidly dissolved by the saturated solution of cupric
nitrate in nitric acid than by the acid alone.

The results of Experiment XIV, compared with those of Expe-
riments III to X show, however, that the quantity of acid employed
is of consequence as well as the strength of the acid, about double
the proportion of nitrous oxide having been obtained when only 5 c.c
instead of the usual amount of 15 c.c. was taken. Irom this experi-
ment and those with cupric nitrate it may with much probability be
concluded that the extent to which the nitrate takes part in the re-
action becomes greater in proportion as the amount of nitric acid
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diminishes, and it may be expected that results of some interest will
be obtained by extending the investigation in this direction.

It certainly appeared to be somewhat remarkable, that the presence
of an excess of cupric nitrate should lead to an increased production
of nitrous oxide, and apparently also, though in a minor degree, of
nitrogen. For a long time we were in doubt how to explain its
action, until it occurred to us that probably the only way in which it
could take part in the reaction would be by undergoing rednction to
cuprous nitrate, and that the nitrous oxide was perhaps more or less
directly a product of the subsequent re-oxidation of the cuprous nitrate
by the nitrie acid. This was the more probable as Mr. Acworth had
found that the presence of potassium nitrate caused little or no alte-
ration in the composition of the gas evolved from nitric acid and
copper. In order to test the validity of our hypothesis, as cuprous
nitrate was not procurable, we dissolved cuprous oxide in nitric acid,
and the result obtained appears entirely to justify our assumptions.
The amount of cuprous oxide taken was '58435 of a gram, and 15 c.c. of
1 : 2 nitric acid at a temperature of 20° were employed ; the oxide dis-
solved rapidly, and 2619 c.c. of gas were collected without the appli-
cation of heat, 11 c.c. being subsequently given off on heating, &c.
The percentage composition of the two portions of gas was as fol-

lows:
NO 64-21 96-06
2619 c.c.{NZO 28-32 110 c.e.{ 1-59
N, 747 2:35

Hence the percentage composition of the total gas (3719 c.c.) col-
lected is

NO = 7370 N,0 = 2038 N, = 592
and the volume obtained per unit-weight of oxide (1428 grams)
NO = 6696 c.c. N,0 = 1852 c.e. N, = 537 c.e. Total = 9085 c.c.

The evidence afforded by this experiment as compared with those
in which the metal was dissolved in 1 : 2 acid is of the most definite
character, and in our opinion necessitates the conclusion that the
hydrogen displaced from nitric acid by copper has less reducing power
than cuprous nitrate. Ii also renders it extremely probable, if it does
not actually prove, that the nitrous oxide obtained on dissolving copper
in nitric acid of various strengths is not derived from a compound or
compounds formed by the reduction of a portion of the acid by the
hydrogen displaced from another portion of acid by the metal, but that
it is a more or less direct product of the reduction of the acid by the
cuprous nitrate ; in other words, we incline to the belief that, whatever
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the reduction-product or products may be from which the nitrous oxide
is directly derived, the hydrogen displaced from nitric acid by copper
has not the power of reducing nitric acid to such an extent that
nitrous oxide is nltimately produced. But it will be remembered that
the amount of nitrous oxide produced increases as the strength of the
acid diminishes; hence, if we suppose the reduction to be effected
entirely by the hydrogen displaced from the acid by the metal, the
hydrogen displaced when the weaker acid is employed would appear
to have a greater reducing power than that displaced when the metal
is acted upon by the stronger acid, which is obviously contrary to our
proposition. Not only, however, is it theoretically improbable that
this should be the case, but as we shall show later on when discussing
the results of our experiments with other metals, and especially with
zinc, where an action similar to that which we have supposed is ex-
erted by the cuprous nitrate is inconceivable, such a conclusion would
be entirely opposed, we believe, to the evidence at our disposal. The
dissolution of copper takes place, as we have already stated, with
increasing slowness as the strength of the acid diminishes; a quantity
of metal, for example, which is dissolved by 1: 2 acid within 5—6
hours requiring 36—48 hours to dissolve in 1 : 8 acid; and probably
this circumstance is the chief, if not the only, cause of the difference
in the results observed with acids of different strengths: the explana-
tion which we venture to advance heing that a greater number of
molecules of cupric nitrate come within the sphere of action of the
hydrogen atoms displaced from the acid, and that consequently a
greater number of molecules of cuprous nitrate are formed, when the
metal slowly dissolves in weak acid than when it more rapidly dis-

solves in stronger acid. It may be suggested as a more probable
hypothesis that the increased production of nitrous oxide is due to the

presence of a relatively greater number of molecules of cupric nitrate

when weak than when strong acid is used affording opportunity for a

greater number of molecules of the former to undergo reduction; our

observations (Experiments XV, XVI, and XVII) showing that the

amount of nitrous oxide produced on dissolving copper in 1 : 2 acid in

presence of an excess of cupric nitrate, ¢.e., more than is formed from

the metal itself employed in relatively small quantity, is not much in-

creased nnless a relatively very large amount of the nitrate be present,

would seem, however, to negative such an assumption.

It remains only to comsider the evidence afforded by our experi-
ments with copper and nitric acid as to the manner in which the gases
evolved are produced. In relation to this question the amount of gas
evolved per unit-weight of metal is of especial importance. The
amount of nitric oxide theoretically obtainable, supposing this gas to
be derived solely from the decomposition of nitrous acid, it will be
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remembered is 14880 c.c. per unit-weight of metal ; if the nitrous oxide
be derived from the decomposition either of nitrosidic acid or of hydr-
oxylamine nitrite (p. 57) the unit-weight of metal should furnish
5580 c.c. ; and if the nitrogen result from the action of nitrous acid on
ammonia at most 4464 c.c. of this gas could be. evolved per unit-
weight of metal dissolved. The amount of nitric oxide equivalent to
the nitrous oxide produced may therefore be calculated by multiplica-
tion of the latter by 2:666, and in a similar manner by multiplying
the amount of nitrogen evolved per unit-weight of metal by 3:333 we
obtain the equivalent amount of nitric oxide. The results of the
various experiments thus reduced are exhibited in the last column of
Tables I and II. It will be seen that in the majority of cases the
amount of gas obtained was below that which can be produced if the
nitric and nitrous -oxides and nitrogen are formed in the manner we
have supposed and the decomposition be complete; and if Experi-
ment XII be excepted, that in those cases in which the theoretical
quantity is exceeded (Hxperiments III, IV, X, and XIV) the excess is
comparatively slight. Experiment XII was one of those in which
nitrous oxide was largely produced, and the result which it furnished
is apparently altogether abnormal, as the amount of gas obtained
(19492 c.c.) is nearly one-third in excess of the theoretical quantity.
As the result of a second experiment (XIII), under what we believe
to have been similar conditions was very different, it might be thoughs
that some error had been committed in the measurement of the gas in
the first experiment; but we do not think this probable, especially as
the two experiments differ considerably in other respects. Thus it
will be observed that in Experiment XTI the last portion of gas col-
lected, which consisted almost entirely of that given off on heating,
&c., contained a very considerable proportion of nitrous oxide (21°8
per cent.), whereas in Experiment XIII the portion of gas col-
lected in a similar manner contained very little nitrous oxide (1-57
per cent.). In other words, in the one experiment practically the
whole of the nitrous oxide was evolved without the application of
heat, while in the other a considerable proportion was evolved only on
heating. From the observations we have made in the course of our
experiments with other metals as to the manner in which nitrous
oxide is evolved, we are inclined to believe that that given off in the
cold and that given off on heating are products of essentially distinct
reactions, and that the former is probably derived chiefly from nitro-
sidic acid and the latter chiefly from hydroxylamine nitrite. If this
be the case, the difference in the results of the two experiments above
referred to would appear to indicate that although the conditions
seemingly were the same, the reduction had taken place to a greater
extent in one than in the other. But this conclusion, interesting as
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it is in itself, In no way serves to explain the great “excess” of gas
obtained in Experiment XII; in fact it must be admitted that,
although the explanation we have advanced holds good in the
majority of cases, especially with regard to the manner in which
the nitric oxide is formed, there is in others distinct evidence of its
insufficiency. It also must not be forgotten that we have determined
only the gaseous products, and that, before a complete explanation of
the reaction in all its phases can be given, we require, in addition to
this, a knowledge of the amount of the reduction-products remaining
in solution. The importance of determining these latter will be evi-
dent when it is recollected that, as we have already pointed out, a
considerable guantity of nitrous acid may escape decomposition into
nitric oxide, &c., and is rendered still more obvious by the fact that
ammonia may be present in considerable quantity, together with
nitrous acid, without much nitrogen being produced, and that there-
fore the amount of nitrogen obtained—supposing it all to be derived
from the decomposition of ammonic nitrate—is but an imperfect mea-
sure of the amount of ammonia formed. This is shown to be the case
by Experiment XVIII, Table II, where, although 5 grams of ammo-
nium nitrate was added to the 15 c.c. of 1: 2 acid in which the copper
was dissolved, no less than 3092 per cent. of the gas obtained con-
sisted of nitric oxide; hence, if it be supposed that an amount of
nitrous acid was formed corresponding to the quantity of copper dis-
solved, less the amount equivalent to the nitrous oxide produced, as
much as 89'2 per cent. of the nitrous acid produced underwent the
normal decomposition into nitric oxide, d&e., notwithstanding the re-
latively very large amount of ammoninm salt present. The amount of
nitrogen evolved is within 428 c.c. of that which could be formed from
the remaining nitrous acid, supposing that it was completely decom-
posed in accordance with the equation HNO, + NH; = N, + 20H.,.

§ VI. Action of Silver on Nitric Acid.—The number of experiments
we have made with silver is very small, but they appear to us to afford
confirmation of the conclusions we have drawn from those with
copper. On reference to the following table (III) it will be seen that
the gas collected consisted only of nitric oxide and nitrogen : in two of
the experiments, however, the amount of nitric oxide obtained was
considerably less, and the amount of nitrogen considerably greater,
than in the third experiment. This difference in the results is, we
believe, due to the fact that in Experiment XIX the gas was pumped
off immediately the metal dissolved, whereas in the two other experi-
ments, at least twelve hours elapsed after the metal dissolved before
the apparatus was exhausted, in which period a certain amount of
the nitric oxide evolved during the dissolution of the metal was
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III. Action of Stlver on Nitric Acid.

g = Percentage composi- | c.c. of gas per unit-weight
s % : T | B tion of gas. of metal.
o = 3 =7 a0"g
S . S| T S | o g
ECE Bz | SE
z° |EF £33 | ¢% | NO. | N;O.| N, |Total.| NO. | NyO. | N,
XIX ... ‘4 [10°]|1:2 (23:17|98°15 1+85 |12511 | 12280 231
XX .ooo| 4 [11°|1:2 |17°78|97°18 282 | 9601| 9330 271
XXT...| *4 [18°[1:2|17-30|9670 8°30 | 9342| 9033 309

absorbed by the nitric acid and reconverted into nitrous acid: 2NO +
HNO; + OH, = 3HNO,. We may mention that the quantity of
silver employed was about four hours in dissolving, and that the dis-
solution proceeded more and more rapidly as the amount of nitrous
acid in solution became greater, which is in accordance with the obser-
vations of Russell and others. In Experiment XIX about half the
gas was given off previous to heating; while in Experiment XX, of
the 1778 c.c. of gas obtained, 95 c.c. were evolved in the cold; and
in Experiment XXI, only 592 c.c. were collected before heating, and
11:38 c.c. after heating several times. The gas collected after heat-
ing in Experiments XX and XXIT contained about the same proportion
of nitrogen as that collected in a similar manner in Experiment XIX,
and as the apparatus employed was that provided with a caoutchoue
plng, it is highly probable that the increased amount of nitrogen
obtained in Experiments XX and XXI was due to leakage ; we are, in
fact, almost inclined to regard the whole of the mitrogen obtained
in these experiments as derived from external sources, rather than as
the product of the action of the silver on the acid, the amount actually
collected in Experiment XIX being only *43 c.c., a quantity which is
easily accounted for when it is remembered that the exhaustion of the
air from the apparatus is necessarily incomplete in the first instance,
and that even if actnal leakage does not occur at any of the joints,
there is undoubtedly a slow diffusion of air through the caoutchouc’
plug.

The non-production of nitrous oxide affords strong evidence in
favour of the explanation we have advanced of the manmner in which
this gas is formed when copper is dissolved in nitric acid, for there is
no probability in the case of silver that a reaction can take place corre-
sponding to the reduction of cupric to cuprous nitrate; and from its
general behaviour, and especially from Thomsen’s thermochemical
investigations (J. pr. Chem. [2], xii, 271), there is every reason to
believe that the energy of silver is much below that of copper; counse-
quently if the hydrogen displaced from nitric acid by copper be inca-
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pable, as we have suggested, of directly reducing nitric acid to the
extent sufficient for the production of nitrous oxide, it is extremely
improbable that the hydrogen displaced by silver should have this
power, which is in acecordance with our observations.

§ VIL. Action of Zincon Nitric Acid.—The results of our experiments
with zinc are exhibited in Table IV, from which it will be seen that
whatever the strength of the acid, the gas evolved is always a mixture
of nitric oxide, nitrons oxide, and nitrogen. As in the experiments
with copper, the amount of nitric oxide evolved per unit-weight of
metal varies not only with acid of different strengths, but also with
acid of the same strength ; probably, however, this is at least in part
due to the difficulty with which, as we have before pointed out, the
nitrous acid produced is entirely decomposed, especially in presence of
concentrated nitric acid.

In our opinion the most important element for consideration in the
case of the metal under discussion is the amount of nitrous oxide pro-
duced, as this probably corresponds strictly with the amount of nitro-
sidic acid and of hydroxylamine—supposing these to be the two bodies
from which the nitrous oxide is more or less directly derived—formed
in the reaction: the decomposition of the former into nitrous oxide
and water being doubtless immediate, while the production of nitrous
oxide by the action of nitrous oxide on the latter, according to
V. Meyer’s observations (Ann. Chem. Pharm., clxxv, 141), takes place
with great facility.

Now it will be observed that the amount of nitrous oxide evolved
on dissolving the metal in acid varying in strength from 1 : 8to 1: 2
at the ordinary temperature, that is to say, in Experiments XXIT to
XXXII inclusive, buti excluding Experiment XXIX, is on the whole
remarkably constant, the lowest amount being 2422 ¢.c. (Kxperiment
XXVIII), and the highest 2862 c.c. (Experiment XXII) ; and as there
is no great variation in the amount of nitrogen, these results would
appear to indicate that within the specified limits of concentration
the extent to which the varvious reactions take place is influenced in a
comparatively slight degree by alterations in the concentration of the
acid. From the increased amount of nitrogen produced in Experi-
ments XXXV and XXXVT, it would almost appear that considerably
more ammonia had been produced than in the experiments with
weaker acid. This explanation is not a mecessary one, however, as
another explanation may be given of the increase in the amount of
nitrogen. Thus we have already pointed out that the amount of nitro-
gen evolved is but an imperfect measure of the amount of ammonia
formed in the reaction, as a considerable proportion of the nitrous
acid fails to act on the ammonia present, even if the latter be in great
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excess ; that this is the caseis further proved by Experiments XXXVII
and XXXVIII, where, notwithstanding 5 grams of ammonium nitrate
were added, as much nitric oxide was obtained as in many of the
experiments in which no such addition was made. But as the amount
of nitrous acid escaping decomposition into nitric oxide, &c., is greater
the more concentrated the acid, we may expect that if a greater
amount of nitrous acid remain in solution, or, indeed, if it undergo
dissociation more slowly when concentrated than when dilute acid is
employed, the amount of nitrogen evolved will be greater in the former
than in the latter case, even supposing the amount of ammonia pre-
sent in both cases to be the same.

In Experiments XXIX and XXXIV, in which the acid was heated
to about 90° before dropping in the metal, considerably more nitrogen
was obtained than in corresponding experiments in which the acid
was not thus heated.* A somewhat similar explanation as the above
may be advanced in regard to these results, for supposing the same
amounts of ammonia and of nitrous acid to be formed under the two
sets of conditions, it is probable that more of the ammonia would
suffer decomposition by the nitrous acid at the higher temperature.

We are not, however, at all inclined to regard this explanation as
sufficient, but believe that our experiments rather justify the conclu-
sion that reduction does take place to a greater extent and proceed
further the more concentrated the acid and the higher the tempera-
ture. Still this is but a mere opinion, and must remain such until
not only the gaseous products, but also those which remain in solution
in the acid, shall have been determined.

The last experiment with zinc and nitric acid to-which we have to
direct attention is that numbered XXXIIT, where the amount of metal
dissolved was four times as great as in the other experiments under
otherwise similar conditions. It will be observed that in this case
considerably less nitric oxide and considerably more nitrous oxide was
obtained than in any of the experiments with smaller quantities of
metal. This probably is dne to the fact that when a larger quantity
of metal is employed, there is a greater opportunity for the nitrous
acid produced by the action of the first portions of metal dissolved to
undergo reduction side by side with the nitric acid. 1t is worthy of
note, however, that this “ division of labour,” so to speak, cannot
take place with all metals, for in the case of silver no nitrous oxide is
produced, notwithstanding the extreme slowness with which the metal
dissolves, and the richness of the solution after a time in nitrous acid.

* Fven when cold acid was employed, the metal (very thin foil) dissolved with
great rapidity, much heat being. developed, so that the mean temperature at which
the dissolntion of the metal was effected was considerably higher than that of the
acid at the commencement of the experiment.
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Probably the extent to which nitric _and nitrous acids undergo reduc-
tion when simultaneously present will be found to be a function of the
“energy  of the hydrogen displaced by the action of the metal.

In the Table of Results, on p. 75, an experiment with zinc and
ammonium - nitrate solution is included which may here be briefly
mentioned. Zinc dissolves readily in a concentrated solution of this
salt, especially if ammonia be added, much heat being developed;
if a moderate amount of metal be taken, and the solution be carefully
cooled, no gas is evolved ; but on heating the solution a mixture of
nitrous oxide and nitrogen is given off, the former increasing in
amount with the quantity of metal dissolved. When, after repeated
heating, gas is no longer given off, the whole of the nitrite and (?)
nitroside appears to have been decomposed, as the solution is im.
mediately coloured by permanganate, even when acidulated, and as
the whole of the metal is not accounted for in the form of these gases,
it is probable that ammonia is also produced. It is proposed to ex-
tend these experiments, and also to observe the action of other metals
on ammonium nitrate as well as on other nitrates.

Tt should here be stated that M. Saint-Claire Deville has pub-
lished a most valuable account of a number of experiments on the
action of zinc on very dilute solutions of nitric acid (solutions con-
taining an amount of acid corresponding to from 2 to 20 grams of
the anhydride per litre), and also on mixtures of nitric and hydrochlo-
ric acids and of nitric and sulphuric acids (De I'état naissant, Compt.
rend., 1870, 1xx, 22, 550). M. Deville, however, appears to regard
the various products as formed from the acid by the direct action of
the metal, a view which is in opposition to eur own. One of us pro-
poses to discuss this subject on a future occasion.

§ VIII. Action of Codmium and Magnesium on Nitric Acid.—The
results of our experiments with these metals are exhibited in Tables
V and VI. It will be observed that with cadmium considerably more
nitric oxide and less nitrous oxide was obtained than on dissolving
zine in' acid of the same strength. There is a considerable difference
between the two experiments in the amounts of nitrogen produced,
but it will be noticed that less mitrous oxide and more nitric oxide
was obtained in that which yielded the larger amount of nitrogen, and
it is possible, therefore, that the reduction had proceeded further in
this case. The difference may be at least in part due to the fact that
a larger amount of the metal was employed in the second experiment.

The behaviour of magnesium as compared with that of cadmium and
zinc presents several points of interest. Much less nitric oxide was
obtained with this metal than with either of the latter, neither of
which, however, furnished so large an amount of nitrous oxide; and
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the amount of nitrogen produced is far in excess of that obtained
with either zinc or cadmium; and there can therefore be little doubt
that magnesium is a far more “active ” metal than either zinc or cad-
minm; but the production of so large an amount of nitrogen appears
somewhat remarkable, and tends perhaps to throw some doubt on the
sufliciency of our explanation of the mode of formation of the nitro-
gen, as certain of our experiments with zine (XXXVII and XXXVIII)
show that the influence exercised even by a relatively very large
quantity of an ammonium salt in increasing the production of nitrogen
is by no means great.

As with cadmium, there is a noticeable difference between the
amounts of nitrous oxide and nitrogen obtained in the two experi-
ments ; and in the case of both metals the lesser quantity of nitrous
oxide corresponds with the greater quantity of nitrogen, a lower per-
centage of metal also being accounted for in the experiments which
yield the smaller quantity of nitrogen. This may be in part due to
the fact that the heating, &c., was more often repeated in the one case
than in the other. There is, however, internal evidence, especially in
the case of magnesium, tending to show that this explanation is in-
sufficient; for it will be observed that in the one experiment with this
metal the portion of gas last collected—that given off entirely on
heating—was far richer in nifrous oxide and poorer in nitrogen than
in the other. A similar difference may be observed on comparing the
results of two of the experiments with zinc (XXXII and XXXIIT).
Thus the gas given off on heating contained in the one case only 5:95
per cent. of nitrous oxide, but in the other no less than 19-54 per
cent., the only difference between the two experiments being that the
amounts of metal taken were not the same (*386 and 1'6 grams). The
results of the two experiments with cadmium also differ in a similar
but much less marked manner. If; as we have previously suggested,
the decomposition of nitrosidic acid into nitrous oxide and water is
immediate, and the nitrous oxide given off on heating is due to the de-
composition of hydroxylamine, the differences here referred to indicate
apparently that the extent to which the various reactions take place
may be considerably affected by what seem to be very slight altera-
tions in the conditions of experiment.

Lastly we may point out as noteworthy that the percentage of metal
accounted for in the form of gaseous products is far higcher with both
cadminm and magnesium than with zinc. It is scarcely possible at
present to give any satisfactory explanation of this, especially as zinc
would appear to be intermediate in its properties between cadmium
and magnesium.

§ IX. Action of Iron on Nitric Acid.~—The gases obtained on dis-
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solving. this metal* in nitric acid, &c., consist chiefly of nitric oxide,
the amounts of nitrous oxide and nitrogen evolved being relatively
small. It will be observed, however, that as the concentration of the
acid diminishes, the amount of nitrous oxide produced per unit-weight
of metal (two-thirds of 56 grams) at first increases and afterwards
diminishes; whereas the nitric oxide at first- considerably diminishes
in amount as the concentration of the acid sinks, but at a. certain
point increasss as the concentration is still further reduced.

These differences in the ameunts of nitric and nitrous oxides evolved
with different strengths of acid, correspond with perceptible differ-
ences in the behaviour of the metal during dissolution. In 1:.:1 and
1: 2 acid the iron dissolves very rapidly, producing a: pale greenish-
yellow coloured liquid;-in 1 = 4 acid, however, it dissolves somewhat
less rapidly, and the solution is of a-dark brown colour, as also is that
produced’on-dissolving-in 1 : -8 and 1:-12 acid, which, the latter espe-
cially, act upon it still more slowly. From this there can be no doubt
that by the action of the more concentrated acid the iron' is imme-
diately converted into ferric salt, whereas: when weaker acid is em-
ployed ferrous salt-is first formed, and is.converted into ferric salt only
on afterwards heating the liquid;t and it would appear probable that
the hydrogen displaced in the formation of the ferrous-salt is more
“active ” than that displaced in the formation of the ferric salt.

The manner in which the nitrous oxide is evolved appears also to
indicate that the hydrogen displaced from weaker solutions of nitric
acid is more active in effecting reduction.. Thus it will be noticed
that in Experiment XLVI, with 1 : 1 acid, the last portion of gas col-
lected—that evolved on heating—is free from nitrous oxide, which is
also the case in Experiment XLVII" with 1': 2 acid; in this latter
experiment; moreover, the second portion of gas collected—that ex-
tracted by continuing the action of the pump after practically the
whole of the gas evolved during the dissolution.of the metal had been
removed from the apparatus—is almost free from nitrous oxide. A
second’ experiment with 1 : 2 acid, not quoted here, gave precisely
similarresults. In the case of the weaker acid, however, the gas evolved
on heating contains a considerablé proportion of nitrous oxide, which,
as we have before suggested, is probably derived from the decomposition
of hydroxylamine, whilst that immediately evolved without the appli-
cation of heat is probably in great-part; if ‘mot entirely, the product of
the decomposition of nitrosidic acid.

§ X. Action of Nickel, Cobalt, Indium, and Aluminium on Nitric Acid.

* The iron employed was a portion of the pure iron prepared by the late Dr.
Matthiesen, for which we are indebted to Dr. Russell, F.R.S.

+ A mixture of ferrous and ferric salt is doubtless produced with certain strengths
of acid, in proportions varying with the concentration of the acid.

VOL. XXXII. G
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—The results obtained with these metals are represented in Table VIII;
although few in number, they appear to us to possess very considerable
interest.

Nickel.—This metal would seem to be far more *active” than iron,
as it yields a much smaller amount of nitrie oxide, and a considerably
larger amount of nitrous oxide; the low percentage of metal accounted
for is probably to be regarded as evidence of the production of a con-
siderable amount of ammonia, and affords additional proof of the
“activity ” of nickel. The amounts of nitric and nitrous oxides pro-
doced in the two experiments differ considerably, but different amounts
of metal were dissolved, and here again it will be noticed that the
lesser amount of nitrie oxide and the greater amount of nitrous oxide
is obtained from the larger amount of metal, which may be accounted
for, as we have before said, if we suppose that the mnitrous acid pro-
duced in the first instance undergoes reduction side by side with the
nitric acid. Nickel, at least in the form in which we have employed
it,* dissolves with extreme slowness in nitric acid, the time occupied
in effecting the dissolution of the quantities taken in Experiments LI
and LII having been upwards of 50 and 70 hours respectively.

* T am indebted to Dr. Russell for the nickel and cobalt used in these ex-
periments. They were portions of the pure metals prepared for his researches on
the atomic weights of these elements (this Journal, xvi, 51 ; xxii, 294). The nickel
was in the form of hard, dull greyish lumps. On analyzing the gaseous mixture
evolved on dissolving it in nitric acid, it was found to contain hydrogen, of which
147 c.c. was obtained in Expt. LI, and 2'28 c.c. in Expt. LII, or 625 c.c. and
617 c.c. respectively from 100 grams of nickel. As in the course of this investigation
the production of hydrogen has never been observed on dissolving metals in1 : 2
acid, or indeed in nitric acid of any strength, and as moreover no hydrogen was ob-
tained on dissolving fused commercial nickel (Expt. LIII), there can be no doubt that
the hydrogen had been occluded by the metal during its preparation from the oxide
by reduction in hydrogen. This fact that occluded hydrogen is without action on
nitric acid is, however, of very considerable interest, as it may be possible by the
action of nitric acid to ascertain whether, as has been suggested, a portion of the
hydrogen occluded by palladium is combined with the metal. I also propose to
apply the method to the study of the gases in meteorites, and it may here be
remarked that this discovery of the power of nickel to occlude a very considerable
volume of hydrogen explains the occurrence of such large amounts of this gas in
meteorites which previously on account of the slight power of oceluding hydrogen
which iron alone appeared to possess, was somewhat difficult of explanation.

No hydrogen was obtained from the cobalt, although it had also been prepared
from the oxide by reduction in hydrogen. But the piece dissolved was the only
one in the bottle from which it was taken preserving a metallic appearance: the
remainder of the specimen had assumed a brown friable condition, having evi-
dently undergone oxidation. I am inclined to believe from this that the cobalt
had originally been charged with hydrogen, with the exception of the piece used by
us, which was extremely dense and compact. The spontaneous oxidation of metals
prepared by reduction in hydrogen is, in fact, very probably always due to the
presence of occluded hydrogen.—H. E. A.
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Oobalt.—This metal, like nickel, dissolves with extreme slowness in
1:2 acid. ¥rom the one experiment we have made it would appear
tobe as much superior in “activity ”” to the allied metal nickel as this
latter is to iron.

Indium.—A small gquantity of this metal was kindly presented to us
by Dr. Gladstone, F.R.S. It is acted upon with extreme slowness
by 1: 2 acid, the time occupied in dissolving the ‘265 gram employed
in the experiment, of which the results are exhibited in Table VIII,
having been upwards of 70 hours. It appears to be possessed of con-
siderable “activity,” as from the comparatively low percentage of
metal accounted for, and the comparatively large amount of nitrogen
obtained, it is probable that a considerable amount of ammonia is
formed.

Alvwminium.—This metal was so slowly acted upon at the ordinary
temperature, that we found it necessary to heat the acid to about 60°—
65°, when it dissolved with moderate rapidity. It appears to resemble
silver in its action on nitric acid, and most probably it furnishes only
nitric oxide.

§ XI. Action of Tin, Lead, and Thallium on Nitric Acid—The
results of our experiments with these three metals are given in
Table IX.

Tin.—In the experiments with 1: 0 and 1 : 1 acid, white (?) meta-
stannic acid separated out as the metal dissolved, but in the remaining
experiments clear solutions were obtained, from which no separation
took place until they were heated, when, however, the liquid became
almost semi-solid. It will be observed that not only the nitric oxide,
but also the nitrous oxide and nitrogen increase in amount, and then
diminish as the concentration of the acid diminishes, and it is probable,
therefore, that, as in the case of iron, there is a difference in the
“activity ” of the hydrogen, according as the product is a stannic or
a stannous salt.

Judging from the composition of the gaseous mixture, and the
quantities of gas obtained before and after heating, when 1 : 2 acid is
employed (Experiment LIX), it appears probable that in the dissolu-
tion of the metal to (P) stannous salt, a relatively small amount of
nitrous acid, but considerable amounts of nitrosidic acid and ammonia
are produced ; and that in the conversion of the stanneus into stannic
salt, which takes place on heating, chiefly those reactions occur which
lead to the production of nitrous oxide.

Lead.—The most noticeable feature with regard to the action of this
metal on nitric acid is that comparatively large amounts of mnitrous
oxide and nitrogen are produced, and as a very considerable proportion
of the metal is unaccounted for, it is very probable that much ammonia,
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remains in solution. From the composition of the gases collected be-
fore and after heating (Experiment LXTIT), it would seem that much
of the nitrous oxide is derived from the decomposition of hydroxyl-
amine.

Thalliwm.~—Althongh much more nitrie oxide, and considerably less
nitrous oxide is furnished by this metal than by lead, the amount of
nitrogen produced is much greater; but as the percentage of metal
accounted for is high, the results we have obtained do not appear to
warrant the conclusion that thallinm is a more ¢ active” metal than
lead in respect of its action on nitric acid.

§ XII. Action of Alloys on Nitric Acid.—As yet we have only sub-
mitted two alloys to examination, viz., brass and gun metal; the
results obtained are exhibited in Table X.

X.

- . . Yt S—:

s 8 B | w Percentage composi-|  c.c. of gas per unit- ° =

-2 Qe | g3 tion of gas. weight of metal. 22T

=S + o T e

wo | T 0F | o g g

T8 5 | ©°F . 82

=2 28| ¢35 & 8

g ##| 2€ | NO. | N,O.| N, |Total| NO. |N,0.| N.. g

rass 874 | 15°| 1:2 |756-85[97-02 | 1-64| 1-34/12773)12392| 210| 171 9074

2182|3570 |57 26| 7-04
23-87(86-46| 9:23| 4°31

unmetal. | *817 [16°| 1:2 |45-19 (61 '93}32 '41} 5°66| 0038|5597 | 2929 | 512 | 101-57
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Our object in making these experiments was, if possible, to throw
further light on, and to obtain some explanation of, the differences
observed in the behaviour of various metals towards nitric acid.
Thermochemical investigation has shown that, as a general rule, a
considerably greater amount of heat is developed in the formation of
tl e magnesinm compounds than in the formation of the corresponding
compounds of either zinc or cadmium, and more in the formation of
those of zinc than of those of cadmium ; and as from the composition
of the gases obtained on dissolving these metals in nitric acid it would
appear that the first-mentioned is the most, and the last-mentioned
the least ““ active,” we are inclined to believe that the extent to which
reduction takes place on dissolving a given metal in nitric acid is a
function of the energy developed in the reaction, R, + nHNO, &
Aq = nR'NO; + Aq + nH, i.e, in the displacement of the hydrogen
of the acid by the metal, including that developed subsequently by the
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action of the water present on the salt which is produced. This, how-
ever, we regard at present merely as a working hypothesis, for it
must not be forgotten that we have not yet sufficient data to enable
us to decide absolutely as to which of two related metals is possessed
of the greater ““activity,” inasmuch as only the gaseous products of
reduction have been determined ; this being thecase even with regard to
magnesium and zinc, as although less nitric oxide, and considerably
larger quantities of mitrous oxide and nitrogen are furnished by mag-
nesium than by zinc, the percentage of metal accounted for in the
form of gaseous products is considerably less in the case of the latter.
Moreover, in many instances, at least, reaction takes place not only
between the metal and nitric acid, but also between the former and
the nitrous acid, which is the first product of reduction of the latter ;
and that this may have an important influence on the final result, and
may much complicate the discussion of the phenomena concerned, is
evident from the fact that platinum, for example, will dissolve in
nitrous, but not in nitric acidy and that silver, if not insoluble in nitric
acid, is certainly much more-readily dissolved by nitrous acid. It will
be remembered also that the amount of metal employed is not always
without influence on the result, and that we have suggested that
this is a consequence of the accumulation of nitrous acid in the
solution,

Roscoe, however, has shown that zinc and cadminm are con-
siderably more “active’ than magnesium in reducing the vanadic
compounds, a solution of the pentoxide in sulphuric acid being
reduced to a salt of the tetroxide by sulphurous acid and hydrogen
sulphide ; to a salt of the trioxide by magnesium ; and to- a salt of the
dioxide by zinc, cadmium, and sodium amalgam; and it may be said
that these observations are in opposition to our conclusions as to the
relative ““ activity ”” of magmesium, zinc, and cadmium. But the dis-
cussion of the phenomena involved in these changes is doubtless also
complicated by the occurrence of a series of reactions; so that, in fact,
until we ave acquainted with the entire series, and are able to deduce
the dynamic values corresponding to the several reactions, we must
refrain from drawing conclusions as to the reason of the superior
activity of zinc and cadmium in reducing vanadium pentoxide, and
of the superiority of magnesium in reducing nitric acid.

Moreover, if the activity of a given metal depend, as we suppose, on
the amount of ‘“available” energy associated with the hydrogen dis-
placed by the metal from the acid, our present knowledge would lead
us to expect that the same metal may produce very different results
with different acids, for the reason that probably not only are different
amounts of heat developed by the mere displacement of the hydrogen
in different acids by the same metal, but the compounds formed by
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the displacement of the hydrogen of the acid by the metal doubtless
enter into reaction with the water present, and in other ways, and
probably very different amounts of heat are developed in these reac-
tions by different salts of the same metal. For the same reason we
may expect also that alterations in the conditions of experiment, viz.,
in the degree of concentration of the acid and of the temperature at
which the metal is dissolved, will perceptibly influence the result in
many cases. The rapidity with which the metal dissolves may also
influence the result; there can be little doubt of this in the case of
copper, as we have pointed out, and Deville has shown (Compt.
rend., 1xx, 20, 550) that a relatively much larger amount of nitric
acid is required to prevemnt the evolution -of hydrogen when zinc is
dissolved in a mixture of mitric and hydrochloric acids than when it is
dissolved in a mixture of nitric and -sulphuric acids, a result which he
attributes in great measure -to the fact that the zinc is dissolved more
rapidly by the hydrochloric than by the sulphuric acid.

It is well known that ‘in the formation of many alloys from their
constituent metals, much heat is developed. From this it follows that
the energy of the associated metals must be reduced, and it appeared
to us that if our hypothesis above stated were correct, the comparison
of the behaviour of a given alloy with that of its eonstituent metals
towards nitric acid should afford evidence of this : that, in fact, reduc-
tion of the acid would take place to a less extent on dissolving a given
amount of the alloy-than on dissolving corresponding amounts of its
constituent metals. Only two experiments have as yet been made,
one with brass, and the other with gun metal. The brass employed
contained 30'2 per cent. zine, 691 per cent. copper, and *7 per cent.
lead and tin; the gun metal 1090 per cent. tin, 88'5 per cent. copper,
and a little lead.

It will be seen on reference to the table, that the brass behaves
exactly as copper, the percentage of ‘nitrous oxide and nitrogen being
no greater than with copper, and the amount of mnitric oxide per unit-
weight of metal (regarded as copper) is as high as was obtained in
most of ‘the experiments with copper alone under similar conditions.
So far as its behaviour towards nitric acid is concerned, the zinc may
indeed be said truly to have undergone transmutation into copper,
and this result appears to us to afford much support to the hypothesis
we have advanced in explanation of the difference in'the behaviour of
different metals. .

The result obtained with gun metal is more difficult of interpreta-
tion ; it would seem, however, from the large amount of nitrous oxide
produced, and the manner in which it is evolved—chiefly ir the cold—
that whilst the “activity” of the tin is reduced by its association
with copper, that of the copper on the other hand, is considerably
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raised by its association with tin; but whether the gain to the copper
is less than the loss to the tin it is impossible to decide from this vne
experiment.

A most interesting series of observations on the action of acids on
alloys of zincand copper, and of tin and copper, in various proportions,
were published some years ago in this Journal by Messrs. Calvert
and Johnson (1866, xix, 434), which appear to us further to support
our hypothesis. The method they adopted was to determine the loss
experienced ina given time by a given surface of the alloy exposed to
the action of a given quantity of the acid at a known temperature, and
the results obtained in this way indicate that the influence of a metal
such as copper, in reducing the *‘activity ”’ of metals such as zinc and
tin, is very considerable. Thus, whereas an alloy of zinc and copper
containing 67-26 per cent. of zinc and 82'74 per cent. of copper, lost
2550 grams per square metre of surface, when exposed to the action
of nitric acid of sp. gr. 1'10, an alloy containing 5095 per cent. of
zinc and 4905 per cent. of copper lost only 45 grams per square metre
of surface; and the loss experienced by alloys still richer in copper
was even less. Again, whereas an alloy of tin and copper, in the pro-
portion corresponding to the formula Sn;Cu, containing 90-27 per
cent. of tin and 9'73 per cent. of copper, lost 1883 grams per square
metre when exposed to the action of nitric acid of sp. gr. 125, the
alloy represented by the formula SnCu, containing 65°02 per cent. of
tin and 34-98 per cent. of copper, lost only 183 grams per square metre ;
alloys containing a larger proportion of copper were found to be some-
what more acted upon, that of the formula SnCu; losing 808 grams
per square metre.

Although much important information has been gained as to the
behaviour of a large number of the metals with nitric acid, the results
narrated in the previous pages are chiefly of value as indicating the
directions in which the investigation must be continued in order to
obtain the requisite data for the comnplete discussion of the problem
under consideration.

In the first place it will be necessary to study the action upon each
other in presence of nitric acid of all the possible reduction products—
nitrous acid, nitrosidic acid, hydroxylamine, ammonia—under con-
ditions as similar as possible to those which obtain when the metals are
dissolved in nitric acid. Then the action of metals on nitric acid must
be again submitted to examination, and both the gaseous products and
those remaining in solution determined; and as very slight variations
in the conditious of experiment often appear to exert an appreciable
influence on the final result, it will be necessary to determine the two
series of products wherever possible in one and the same experiment.
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In the case of those metals which furnish two series of salts, it will be
requisite to examine separately the action of the ous salts—of the
ferrous and stannous salts, for example, as these may behave very
differently from the metals themselves. Lastly, a series of experi-
ments on the action of various metals on the same mixture of nitric
and hydrochloric or sulphuric acids will doubtless throw much light
on the question of the difference in behaviour of the different metals.
I hope very shortly to be able to give an account to the Society of
the results obtained in continuation of this investigation.—H. E. A.
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