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XXIX.— Lines of Discovery in the History of Ozone, with an
: Index of its Literature, and an Appendiz upon the
Literature of Peroxide of Hydrogen.

BY ALBERT R. LEEDS, PH.D.

Read January 12th, 18850.
LINES OF DISCOVERY IN THE HISTORY OF OZONE.
I.—ITS ORIGINAL DISCOVERY, SOURCES AND PROPERTIES.

The history of ozone begins with the clear apprehension, in the
year 1840, by Schonbein, that in the odor given off in the elec-
trolysis of water, and accompanying discharges of frictional
electricity in air, he had to deal with a distinet and important
phenomenon. Schonbein’s discovery did not consist in noting
the odor ; that had been done by Van Marum, more than half a
century before, but in first appreciating the importance and true
meaning of the phenomenon. For while Van Marum, Cavallo,
and others who followed them, connected the odor with the
electricity, calling it the ‘“electrical odor,” or ‘‘aura electrica,”
and thus made it the property of an imponderable agent, Schou-
bein ascribed it to the peculiar form of matter operated upon.

The hypothesis of Van Marum necessarily remained barren of
fruits ; that of Schonbein speedily enriched chemical science with
a host of acquisitions.

Clinging tenfbcmmalj, to the doctrine that there cou]d not be a
variety of origin for one and the same odor, and that the kind
of matter producing it in every case must be identical, Schon-
bein fixed his discovery by giving to that one and certain kind
of matter, the name of Ozone. By adhering to this guiding
clue, he added as a third source of ozone, the action of moist
phosphorus upon air (1840-1843) ; and since that time, besides
electrolysis, electrical influence, and the action of air upon moist
phosphorus, no other sources of ozone of practical utility have
been discovered. :

The fact that Schonbein so stoutly insisted, and eventually so
triumphantly established, the identity of the ozone from whatever
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source derived, must not be lost sight of in any estimate of his
merits as a discoverer. The earlicst attack came from De la Rive,
who attributed the odor to metallic oxides set free from the
metals used as electrodes, or as terminals in electric discharges.
But Schénbein pointed out, that besides the improbability of an
odor arising from solid bodies, this hypothesis required that solid
bodies should have the property of indefinite suspension in the
atmosphere, instead of being deposited, or washed down by
water (1840-1843).

The next attacks came from Fischer, who regarded Schon-
bein’s ozone as probably peroxide of hydrogen, and from William-
son, who thought there were two kinds of ozone, one the ozone
given off in electrolysis, and which he regarded as a higher oxide
of hydrogen, differing from the previously well-known peroxide,
and the other formed by the action of phosphorus on moist air.
But Schonbein disposed of both objections ;—of the first, by
showing that the chemical and physical properties of ozone are
not the properties of peroxide of hydrogen ; and of the second,
by demonstrating that, whatever might be the true nature of
ozone, the gaseous matter obtained 1n the electrolysis -of water,
was 1n all respects i1dentical with that formed by the action upon
air of moist phosphorus (1844-1845).

During these first five years, Schonbein was busily engaged
in ascertaining the properties of ozone. Since no peculiar
methods were employed in the furtherance of these discoveries,
they need not detain us here, further than briefly to summarize
them, and to point out what corrections have been rendered
necessary by the labors of subsequent investigators.

They are :—1st. Its eminent oxidizing powers, as shown by
its ability to transform most metals into their higher oxides,
and to raise the lower oxides into the condition of peroxides.
Certain of the non-metals—phosphorus, chlorine, bromine, and
lodine—are similarly oxidized. Schonbein’s statement that it
does not unite with nitrogen under ordinary circumstances, but
enters into combination when alkali is present, has been abund-
antly disproved ; among others, by Berthelot (1877), who has
shown that no combination occurs, even when alkali is present.
It oxidizes sulphites and nitrites into sulphates and nitrates,
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-and many sulphides into their corresponding sulphates. It de-

stroys (as has since been more elaborately demonstrated by Hou-
zeau, 1872) many gaseous compounds of hydrogen, like those

with sulphur, selenium, phosphorus, iodine, arsenic, and anti-

mony. It discharges vegetable colors and powerfully attacks
many organic bodies. The nature of its action in the latter
case has been more extensively studied by Gorup-Besanez (1863),
and he has described the products of the reactions which oceux
when ozone is allowed to act upon organic substances, alone or

-1n presence of alkali.

2d. According to Schonbein, ozone is insoluble in water. The
observations of subsequent experimenters conflict on this point,
but there appears to be much evidence to show that it is soluble
1 water, though only in small degree.

3d. Schonbein pointed out that atmospheric air strongly
charged with ozone, acts powerfully on the mucous membranes,
and produces symptoms of catarrh. This, and his analogous
statement that ozone is present in the atmosphere and plays there
a very important role, attracted to the subject not only great
popular attention, but enlisted as observers a multitude of stu-
dents of medicine the world over, who hailed the newly discov-
ered body as an invaluable therapeutic agent, and rushed forward
to establish, by sufficiently numerous observations, the relations
between its presence or absence in the atmosphere, and the kind
and prevalence of disecase. Thirty years have passed away, and
neither anticipation has been realized. Indeed, at the present
hour, the possible value of ozone as a therapeutic agent, is obscured
by its having fallen into the hands of empirics ; and the multipli-
cation of inexact observations, and the erude and hasty generali-
zations therefrom, have covered with a sort of scientific oppro-
brinum the whole subject of Atmospheric Ozone.

What causes have led to these lamentable results in the past ?
what prospects are there that both subjects can be reinstated in
good scientific standing in the future ?

And first, with regard to ozone as a therapeutic agent. With-
out considering at present the unsettled questions of a medical
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character, as to the proper mode or amount or propriety of ap-
plication, we apprehend that there have been hitherto three
grave instrumental difficulties. 1st. To obtain ozonized air or
oxygen, of known strength and of adequate purity. R2d. It is
doubtful whether in one form, in which the attempt has been
made to employ ozone in medicine,—that of *‘ozonized water,”—
any ozone whatever has been present. Such was the case with
the ““ozone water” of Krebs, Kroll & Co., in which Rammels-
berg found chlorine. Since ozone is so slightly soluble in water
at'common temperatures; that it is extremely difficult to demon-
stration the fact of solution, the proposition to employ ** ozo-
nized water” as a remedial agent opens a wide door to quackery.
3d. It is certain, that from the mixture of potassium permangat
nate and sulphuric acid, which has been and is recommended
as a convenlent source of ozone for medical use, no ozone, bu-
merely chlorine and oxides of chlorine (due to impurities in the
permanganate) are derived.

These errors have been exposed and the difficulties overcome.
There is no obstacle to having in the office of the physician, the
sick-room of the patient, or the wards of the hospital, ozonizers
suitable to each place, and adequate to supply ozonized air or
oxygen of known strength and purity. This being the case, it
remains for the therapeutist to do his part of the work, and to
discover when and how ozone is to be employed in legitimate
practice.

Second, to detect the amount of ozone present at any time or
place in the atmosphere, and the role this atmospheric ozone
plays as a disease-excitant or prophylactic. The objections
which vitiate the observations hitherto made, are two in num-
ber : 1st. The ozonoscopes hitherto employed, Houzean’s and
the Thallium test included, are all affected by some one of the
gaseous bodies possibly present in the atmosphere, as well as by
ozone. 2d. The method of conducting the observations is in 1ts
nature inexact, and variations in wind, temperature, humidity,
etc., are allowed to increase the resultant errors.

Advance in this direction is to be looked for, only when the
methods at present in use are abandoned in favor of others more
in harmony with those pursued in other branches of gas-analysis,
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and when reagents are employed which will assign true values
to the amount of ozone determined.

" [I. THE NATURE OF THE CONSTITUENT MATTER OF OZONE.

In his speculations upon the nature of ozone, Schonbein was
far less fortunate than in his multiplied inquiries into its sources,
properties and applications. The difficulty at that time of pro-
curing air or oxygen containing more than a minute percentage
of ozone, and of manipulating it when obtained, was very great,
so that precise quantitative investigations were attended with for-
midable obstacles, and probably for that reason were rarely insti-
tuted by Schonbein. He brought forth a variety of hypotheses,
thus introducing great uncertainty into a confessedly difficult
subject, and necessitating the labors of chemists during nearly a
quarter of a century for their complete overthrow.

His earliest hypothesis was, that ozone is a compound, con-
sisting of hydrogen and oxygen. This, in 1844, he abandoned
in favor of the theory, that ozone itself is elementary, and along
with hydrogen enters into the composition of nitrogen, which is
a compound substance. -

The following year he lwelted to his original hypothesis, and
while maintaining strenuously that ozone is not peroxide of
hydrogen, he nevertheless upheld the view that it is composed
in certain unknown proportions of hydrogen and oxygen.

The second hypothesis was overthrown by the experiments of
Marignac and De la Rive, who showed that ozone could not be
derived from the decomposition of nitrogen, inasmuch as they
obtained 1t by passing electric sparks through perfectly pure and
dry oxygen. They proved the resultant body to be ozone, by
causing it to react on moist gilver and potassium iodide, with
the formation of argentic peroxide and iodate of potassium. They
explained these reactions by supposing that, under the influence
of the electric discharge, the oxygen had acquired an electrified
condition, with exalted chemical properties,—in other words,
that ozone is oxygen and oxygen only, but oxygen in an electri-
fied state. Plausible as was this explanation, there was nothing
in the experiments, water having been present in the reaction
upon silver and potassium iodide, to confute the different inter-
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pretation brought forward by Schonbein : that ozone was oxygen,
to which in some way was added the elements of water. Nor
was this point settled by a more elaborate experiment of the
same nature, instituted by Fremy and Becquerel in 1853, who
demonstrated that when a certain volume of oxygen is confined
over an aqueous solution of potassium iodide, moist silver or
mercury, all of the oxygen undergoes absorption by the reagent,
under the influence of a sufficiently prolonged series of electric
sparks.

The first to abandon the theory that hydrogen is a constituent
of ozone, was Schonbein himself (1849). He employed air,
ozonized as strongly as possible by moist phosphorus, and after-
wards dried by passage through a sulphuriec aecid drying-tube.
That water was employed in tho generation of the ozone, was not
from Schonbein’s point of view an essential element in the prob-
lem : it was whether this ozone, after drying, still contained the
elements of water or hydrogen.

Three hundred liters of the desiccated air were passed through
a narrow glass tube heated to redness, in order to decompose the
ozone, and then through a second sulphuric acid drying-tube.
Since the latter, in repeated experiments, showed no increase of
weight, Schonbein regarded the absence of hydrogen in ozone as
conclusively proven. At the same time he did not accept the
views of Marignac and De la Rive, declaring that to him the
existence of an allotropic modification of a gaseous body was in-
conceivable.

For a long time, however, the theory that ozone was a com-
pound of hydrogen and oxygen prevailed. It derived great
weight from the experiments, which had been made by William-
son in 1845. He prepared ozone by electrolysis, and to avoid
obtaining along with the electrolytic oxygen any hydrogen, used
oxide of copper dissolved in sulphuric acid as the electrolyte.
The gas was dried over calcium chloride, and then passed over
ignited copper turnings into a second drying tube. This uni-
formly showed an increase of weight. The copper previous to
ignition had been reduced by carbonic oxide, and not by hydro-
gen, in order to prevent the possibility of any occluded hydrogen
being given up, on ignition, to the stream of ozonized oxygen.

These views were apparently confirmed by Baumert’s experi-
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ments (1853). He passed the electrolytic oxygen evolved in
such a manner as to exclude the presence of hydrogen, through
a very long sulphuric acid drying tube, and thence into an ab-
sorption apparatus containing potassium iodide, and provided
with a sulphuric acid bulb-apparatus, to condense evaporated
water. In case the matter of ozone and oxygen were identical,
the weight of oxygen equivalent to the weight of iodine set free
by the ozone, should have been equivalent to the total gain in
weight by the absorption apparatus. But, according to the ex-
periments, this weight was less, and the numbers apparently
assigned to electrolytic ozone, the formula H, O, And since
Baumert found that ozone prepared by the electric charge, could
not be made to yield up the elements of water on strong heating,
while that prepared by electrolysis could, he regarded the two
as different bodies, the former as allotropic oxygen, the latter as
teroxide of hydrogen.

Thus, the old hypothesis, against which Schonbein had so
long striven, that there were two (and possibly more) bodies of
the nature of ozone, was rehabilitated. It was finally over-
thrown by Andrews (1856), who showed that the preceding
experiments on electrolytic ozone had been vitiated by the pre-
sence of a small but appreciable quantity of carbonic acid, which,
unless very great precautions be taken, is always present in the
evolved gas. In very numerous experiments, he showed that
the weight of active oxygen was equivalent to the weight of the
iodine set free in the absorption apparatus, and therefore no
hydrogen as well as could have been present; also, that the
properties of electrolytic ozone, and that obtained by the action
of the electrical spark on pure and dry oxygen, were identical.
More especially, it was shown that both were converted into ordi-
nary oxygen, at a temperature of about 237°C.; and from the
whole investigation the author drew the conclusion, which was
confirmed by the still more elaborate experiments of Soret, in
1863, and is now universally adopted, ‘‘that ozone, from what-
ever cause derived, is one and the same substance, and is not
a compound body, but oxygen in an altered or allotropic con-

dition.”
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III. THE EXACT NATURE OF THE RELATIONS EXISTING BETWEEN
OZONE AND ORDINARY OXYGEN. o

We have_seen that Marignac and De la Rive, as the result of
their experiments performed in 1845, had enunciated the view
that ozone was oxygen, rendered allotropic by its passage into a
peculiar electric state. They proposed to abandon the name
‘¢ ozone,” which assumed an independent chemical existence for
this body, and to call it merely ‘¢ electricized oxygen.” This view
of ozone was not readily susceptible of investigation by usual
chemical methods. But the case was different with the hypo-
thesis, which was shortly afterwards advanced by Dr. T. Sterry
Hunt, in 1848. Since his intuition of a truth, not fully demon-
strated until twenty years later, is of a very striking character,
it will be interesting to quote it as originally announced. In a
paper on the anomalies presented in the atomic volume of sul-
phur and nitrogen, Dr. Hunt says :—*“In considering such com-
binations as S O, and SeO,, which contain three equivalents
of the elements of the oxygen group, it was necessary to admit a
normal species which should be a polymere of oxygen, and be
represented by O, = (000). The replacement of one equiva-
lent of oxygen by one of sulphur, would yield sulphurous acid
gas (0OS), and a complete metalepsis would give rise to (SSS).
The first compound is probably the ozone of Schonbein, which
the late researches of Marignac and De la Rive have shown to be
in reality only oxygen in a peculiarly modified form,” ete. The
hypothesis herein stated, that_ozone is triatomic oxygen, neces-
sarily involved the assumption of a corresponding difference in
density and other physical properties—differences admitting of
exact quantitative proof or disproof. Such were the experimental
difficulties in the way, however, that it was not until 1860, that
an investigation was made into the volumetric relations of ozone
to oxygen. The experiments of Profs. Andrews and Tait then
resulted in establishing, that where perfectly pure and dry oxy-
gen is converted into ozone, under the influence of the silent
electric discharge, it hecomes more dense, the amount of con-
traction being proportional to the quantity of ozone produced.
Also, that when ozone, thus condensed, is exposed for a short
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fime to a temperature of 270°—300%, it expands to its original
volume. That the increase in density is exactly proportional to
the amount of ozone formed, was proven by an analysis of the
contracted gas by means of potassinm iodide. The amount of
iodine in every case set free, was precisely equivalent to the
weight of a volume of oxygen equivalent to the voiume of the
contraction, which the oxygen had experienced in the process of
ozonation. The same laws were demonstrated to hold good
with regard to electrolytic ozone, not only by these authors
(1860), but also by Von Babo and Claus, and by Soret (1863).

Andrews and Tait found great ditficulty in reconciling the
theory of the allotropism of ozone, with their experiments, inas-
much as the oxidation of a body like mercury, potassium iodide,
ete., was effected without any diminution in the volume of the
contracted gas. In other words, the density of the allotropic
oxygen concerned in this oxidation was apparently infinite.
They sought, therefore, to esxplain the origin of ozone by the
assumption of a decomposition of the oxygen.

But in 1861, Odling put forth the interpretation, that ozone
was a compound of oxygen with oxygen, the combination being
attended by a contraction. Hence, if one portion of the com-
bined or contracted oxygen were absorbed by an oxidizable body,
the other portion would be set free, and by its liberation might
expand to the initial volume. He likewise suggested that this
contraction might consist in the condensation of three volumes

‘of oxygen into two volumes, not because this ratio was the only

one which would explain the volumz2 and density relations, so
far as then known, but because, on the hypothesis of the dual
nature of oxygen, this was their simplest possible explanation.
Four years later, Soret discovered that a very remarkable re-
action occurs when electrolytic ozone is allowed fo act upon
oil of turpentine. Its volume is diminished by a volume equi-
valent to twice that of the oxygen, corresponding to the iodine
set free on passing the ozonized oxygen into & solution of iodide
of potassinm. The latter, it will be remembered, is the same as
the diminution in volume, which the oxygen undergoes in ozo-
nation, and may be called the contraction-volume. Hence the
two volumes of ozonized oxygen, absorbed in Soret’s experi-
ments, contained not ounly their own volume of oxygen, but
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also that contained in the contraction-volume, or, in all, three
volumes of ordinary oxygen. The density of ozone, therefore,
was to the density of oxygen, as three to two, or 1.6584; the
density of ordinary oxygen being 1.1056.

Soret inferred rather than demonstrated these relations, inas-
much as in his first set of five experiments, the ratio of the total
volame of ozonized oxygen absorbed by the turpentine, to the
contraction-volume, was 2.4, and in his second set of seven
experiments, 1.81; both of these resulis being far from 2, the
theoretical number.

However, in 1872, Sir Benjamin Brodie, by the introduction
of methods of exact volumetrie character, supplied a rigorous
experimental demonstration. He obtained in a set of eight
concordant experiments made with oil of turpentine, for the
ratio between the whole diminution in the volume of the origi-
nal oxygen, to the diminution in volume of the ozonized
oxygen, as a mean Tresult, 3.02 to 2.02. Operaling in the
same manner with a neutral or slightly aikaline solution of
sodium hyposulphite, he obtained as a mean result of 27 con-
cordant experiments, the ratio 8.02 to 2.02. In these experi-
ments, the actual weight of the oxygen absorbed, could not be
determined otherwise than by calculation from the alterations
in volume. But by the oxidation of stannous chloride, under
proper conditions, he effected a direct determination, and found
that the weight of the oxygen absorbed from the ozonized oxygen
by the stannous chloride, was almost exactly three times the
weight absorbed from the same gas by potassium iodide. At
the same time the volume in the first case was almost exactly
twice the contraction-volume, as determined by the latter re-
agent.
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The H?.;sfo,?'_rf of Antozone and Peroxide of Hydrogen.

(Read April 12th. 1880.)

I. ANTOZONE.

By far the most important fact in the long and perplexing
history of Antozone, is the recent discovery that there is no
Antozone. After giving rise to a very voluminous literature,
filled with confused and contradictory statements, the mysteri-
ous body named by Schonbein Antozone, has disappeared from
the pages of chemistry, and been added to that daily increasing
host of defunct chemical elements, which, after a brief and
troubled existence, have falien into final oblivion. As it was, 1t
never had a sturdy existence. It appeared to be a sort of chemi-
cal will-o-the-wisp, a matter of exhalations, connecting its ex-
istence with the formation and disappearance of clouds and
similar phenomena, and ever resisting the attempts of the ex-
perimenter to obtain 1t in some tangible form. The ghost of
Antozone, raised by Schonbein, and, together with its twin
brother, Atmizone, expanded into great proportions by the la-
bors of Meissner, was struck down by von Babo (in his Contri-
butions towards a Knowledge of Ozone, 1863) and finally laid
by the experiments of Nasse and Engler, on the phenomena
attendant upon the action of oil of vitriol upon peroxide of"
barium (1870).

And when we consider for a moment the overwhelming host
of acquisitions which are yearly made to our stores of veritable
chemical knowledge, the mind experiences a sensation of actual
relief 1n seeing so many questionable statements expunged from
the history of chemistry, and in getting hold, so to speak, of an
anexpected fabula rase on which to write discoveries of perma-
aent value. Such being the case, it would certainly be an un-
remunerated toil to weigh and ponder the great bulk of conflict-
ing data concerning Antozone. The most we would feel willing
to undertake would be, to inquire into the grounds upon which
such mistaken views were originally built: further, into the
experiments which appeared to confirm these views, and eventu-
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ally to win for them the credence of philosophers in general:
and finally, to examine narrowly into the validity of the ex-
perimental evidence, which is regarded as demonstrating con-
clusively the non-existence of Antozone.

The ground was prepared for the growth of a belief in the
actual separate existence of Antozone, by the promulgation by
Schonbein of his theory of Ozonides and Antozonides. Under
the former class, he included the peroxides, which in their ac-
tion upon other bodies manifested a strong likeness to Ozone,
the typical body of this class being the Peroxide of Lead.

Without enumerating all the features in their deportment
towards other bodies, an enumeration which would serve only
to confuse us, it will be sufficient for our present purpose to
note that the properties of ozonides that Schonbein regarded as
most characteristic, were their power of liberating chlorine on
contact with hydrochloric acid ; of being reduced by peroxide of
hydrogen to lower oxides (water and ordinary oxygen at the
same time being generated), and of causing the tincture of the
resin gualacum to turn blue.

Antozonides, on the other hand, were those peroxides which
under the circumstances detailed above, behaved in quite con-
trary fashion ;—under no circumstances liberating chlorine from
a chloride, not decomposing peroxide of hydrogen, and not turn-
ing guaiacum tincture blue. The typical body of this class was
Peroxide of Barium.

And inasmuch as Schonbein thought he had demonstrated
that ozone is electro-negative oxygen, and that the ozonides
were combinations of a lower oxide with ozone, he accordingly
regarded the antozonides as combinations of a lower oxide with
electro-positive oxygen. This electro-positive oxygen, he ap-
pears to have named Antozone to distingnish it from Ozone,
and to indicate the function it performed in antozonides, with-
out claiming, at least at the outset, that it had been or could be
1isolated in a free condition. The fact that an ozonide and an -
antozonide could mutually decompose one anothor, and both
at the same time undergo reduction to the state of lower oxides,
with liberation of ordinary oxygen, was regarded as lending
great probability to the view that the oxygen in the two com-
pounds existed in two opposed electro-chemical conditions.




Antozone and Peroxide of Hydrogen. 407

This hypothesis of Schonbein was evolved at that epoch when
the electro-chemical theories of Berzelius reigned paramount,
and has the same general objection which is urged against the
dualistic theory in general, that instead of regarding a chemical
compound as a new individual in which for the time being the
specific identity of irs components is lost, it assumes that these
components, though unrecognisable for the time, nevertheless
still exist. In other words, that in an ozonide there is ozone in
combination with a lower oxide, and, in an antozonide, anto-
zone. The validity of this reasoning is denied, on the ground
that a compound body may yield up its constituents in one form
or 1n another form, according to the reagents, or according to
the circumstances, etc., by which its decomposition is brought
about. So with the bodies under consideration. It was pointed
out by Brodie (1863), that the chemical differences in the de-
portment of the ozonides and antozonides, were to be attributed
to the nature of the substances with which in each class of bodies
the oxygen was united, and to the nature of the substances
taking part in the reactions, rather than to the existence in them
of two different modifications of oxygen. For example, taking
the evolution of chlorine when a chloride is brought into con-
tact with an ozonide, as the most characteristic of its properties,
as was done by Schonbein, we certainly should not anticipate
that peroxide of barium, which is the typical antozonide, in con-
tact with a chloride should evolve chlorine. But it was shown
by Brodie (1861) that it did so or not according to circumstances,
with concentrated hydrochloric acid yielding chlorine ; with di-
lute, peroxide of hydrogen.

In the same direction tended the still earlier observations of
Ienssen, that peroxide of hydrogen (an antozonide) could add
oxygen to, or subtract oxygen from, an oxidizable body, ac-
cording as the circumstances of the reaction, or as naturalists at
the present time are fond of saying, ‘‘the environment,”’ arc
favorable to the formation of a higher or a lower stage of oxida-
tion. Thus in alkaline solution, it oxidizes oxide of chromium
to chromic acid, while it reduces chromic acid to oxide in the
acid solution.

The above facts are irreconcilable with the hypothesis that an
‘ozonide contained ozone as such, and an antozonide, antozone.
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Consequently, the hypothesis, and with it the terms employed,
have heen abandoned.

But the existence or non-existence of ozone i not only inde-
pendent of the truth or falsity of any such hypothesis, but its
properties have been studied with a minuteness, an exactitnde,
that render it in fact a much better known body than either
sulphur or phosphorus. It is questionable whether or no sul-
phur and phosphorus are elementary bodies: but no one doubts
that the substance-matter of ozone and ordinary oxygen is iden-
tical, and the relations existing between these allotropic condi-
tions of one and the same elemental substance are clearly and
sharply defined. How does the case stand with anfozone ?

It is manifest that the theoretical speculations of Schonbein
upon the existence of electro-negative and of electro-positive
oxygen, in a state of combination with lower oxides in ozonides
and antozonides respectively, would strongly incline him to the
possibility of obtaining In a free state antozone, corresponding
to the previously obtained modification of oxygen, ozone. Ac-
cordingly, we find later that Schonbein thought that the gas set
free by the action of oil of vitriol on barium peroxide contained
antozone. Ie likewise formulated a number of characteristics
by which the presence of antozone could be recognized. With-
out pausing to enumerate all of these, it will be of service to us
in obtaining a clear notion of Schonbein’s conception of
antozone, to specity the three most salient. 'T'hey are, 1st.—That
antozone, such as 1s made from barium peroxide, combines with
water to form peroxide of hydrogen. Ozone, on the contrary,
cannot oxidize water to the form of peroxide. 2d.—It does not
turn manganous salts brown, while ozone does, a higher oxide of
manganese in the latter case being formed. 3d.—It bleaches
paper saturated with manganous and lead salts, after they have
previously been turned brown by ozone.

Unfortunately, these matters of distinction were open to
sources of mistake in their verification. But had the antozone
been odorless, or incapable of turning iodo-potassium-starch
papér blue, Schonbein would have stated grounds of difference,
which would have rendered it possible readily to distinguish be-
tween it and ozone. On the contrary, in these two most striking
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points, according to Schonbein, antozone and ozone were nearly
alike.

Perplexing as the subject was rendered by the numerous, and,
not unfrequently, the contradictory statements of Schoénbein, it
was enveloped in a far more disheartening nebulosity, and, it is
hardly exaggeration to say, buried beneath a dense fog, raised
around 1t by the indefatigable life-long labors of Meissner.
Witness the following samples of Meissner’s modes of conceiv-
ing and stating the nature of the problems under study, and
ask yourselves whether, as he stated them, the problems were
not too vague to admit of precise thinking or of crucial experi-
mentation. Antozone, says Meissner, is identical with the gas
which is set free by the action of sulphuric acid upon peroxide
of barium, except in the two respects, that unlike this gas it
does not decompose iodide of potassium, and it does not smell
(in other words, it is identical with a gas, from which 1t differs
in two essential characters). But (note how the accompanying
qualification tends to clarify our ideas) this gas likewise loses
its smell, clouds at the same time being formed on coming into
contact with moist air.

According to Meissner, ozone could not oxidize nitrogen, and
probably antozone alone could not do so either, but both together
could bring it about, in case moisture were present and other
oxidizable bodies were absent. As the peculiarly distinguishing
characteristic of ozone, Meissner rated its power of forming
clouds 1n contact with water. When the water was abstracted
from the clouds, by contact with dessicating bodies, the dried
antozone could form ozone again by transmission through water.

Finally, in opposition to Schonbein, Meissner held that anto-
zone was not absorbed or acted upon by potassium iodide, so that
if a mixture of ozone and antozone is passed through a solution
of iodide of potassium, the ozone is absorbed, while the antozone
escapes and passes on free.

I have endeavored to present above the views entertained by
Schonbein, Meissner, and others, concerning antozone, as lucidly
as the contradictory and oftentimes vague statements made con-
cerning it would allow, and have brought its history down to
the time of the publication by von Babo of the memoir before
alluded to (1863), in which the weakness of the experimental
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evidence brought forth in support of a belief in its existence,
was for the first time clearly set forth. For Meissner, it will be
recollected, saw in its power of generating a cloud in contact
with water, the distinguishing property of antozone. Von Babo
discovered that the formation of a cloud is always to be noted
when, in any manner whatever, ozone is decomposed, water being
present. Meissner believed that the clouds could not be due to
peroxide of hydrogen, because, according to him, the latter is not
volatile. Tf, then, peroxide of hydrogen was not concerned in
these phenomena, there was left as the only other alternative un-
der the circumstances, the hypothesis of a peculiar modification
of oxygen capable of giving rise to them, and to this modification,
which again was necessarily different from ozone, Meissner gave
the name of atmizone. Later he identified it with, and called it
by the same name as Schonbein’s antozone. Von Babo, on the
contrary, found that the clouds were only peroxide of hydrogen
diffused through vapor of water, and capable of being trans-
ported along with it, and even passing with it through aqueous
solutions, for long distances, without being deposited or ab-
sorbed.

Unfortunately, these results of von Babo were encumbered
with certain vague and doubtful speculations concerning the
mode of genesis of the peroxide of hydrogen, through the mter-
action of ozone and water in the presence of an oxidizable sub-
stance. That they were in reality conclusive against the existence
of the so-called antozone, was not generally recognised until the
labors of Nasse and Engler (1870), upon the gas set free by the
action of sulphuric acid upon peroxide of barium, had confirmed
their truth and illuminated their proper bearings and signifi-
cance. Nasse and Engler, by simple but trenchant experiments,
demonstrated that the gas evolved in this case was a mixture,
containing not only ozone, but also water and peroxide of hy-
drogen.

When the escaping gas was passed through a series of tubes
surrounded with a freezing mixture, the latter underwent con-
densation, and the permanent gas which passed on was ozone.
The condensed product, when subjected to appropriate tests,
proved to be merely a solution of peroxide of hydrogen. Carry
the simple explanation thus afforded with you, and see with
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what a flood of light it illuminates all the hitherto hopelessly
obscure passages in the history of antozone, and enables one to
give readily a natural explanation to phenomena which at the
time of their original discovery perplexed mightily their dis-
coverers, and led them to form many ingenious, but in the end
harmful hypotheses.

For instance, examine with the aid thus given, Schonbein’s
first distinguishing characteristic of antozone: 7. e., as made
from barium peroxide, 1t combines with water to form peroxide
of hydrogen. Since the gas given off in this reaction consists
not only of ozone, but of peroxide of hydrogen, the peroxide of
hydrogen which Schonbein thought was formed on its coming
into contact with water, really pre-existed. Consider his second
test : that antozone does not turn manganous salts brown,
while ozone does. This difference is likewise true of peroxide
of hydrogen as compared with ozone. The same remark applies
to his third test :—that it bleaches papers saturated with man-
ganous salts, after they have been turned brown by ozone. The
same effect precisely is produced by peroxide of hydrogen. Is
there any adequate explanation of these agreements, short of
conceding that Schonbein’s antozone is disguised peroxide of
hydrogen ?

But what shall we say of those numerous cases, in which
Meissner thought that a mixture of ozone and antozone was
present, and that on removing the former by passing the mixture
through a solution of iodide of potassium, the latter went on
alone attended with its characteristic white cloud ? The expla-
nation is that afforded by von Babo, viz.—that when ozone
decomposes potassium iodide solution, there is found in addi-
tion to free iodine, iodate of potassium and potassium perox-
ide, perozide of hydrogen. If any one doubts the adequacy of
this explanation, let him try the following experiment. Strongly
ozonize some dry oxygen by an electrical ozonizer, pass the
ozonized gas through a sulphuric acid wash-bottle, and then
allow it to descend upon a potassium iodide solution. The
ozone will undergo complete absorption, the solution becoming
deeply colored by the liberated iodine. Resting upon the sur-
face will be seen a dense white cloud. This white clond may
now be aspirated throngh many wash-bottles containing water,
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and even a solution of chromic acid, and may stand for hours
over water before it completely disappears. But on examining
the waters used in washing it, they will be found to contain
peroxide of hydrogen. Apply the same mode of solving the
other statements made by Meissner, remembering always that
the peroxide of hydrogen which is formed when ozone is decom-
posed by an aqueous solution, is attended by a white cloud
through which the peroxide of hydrogen has diffused itself,—a
white cloud of such permanence that 1t may be transmitted
through many solutions before undergoing absorption,—and
their explanation will be found both natural and easy.

In conclusion, why not make an end of the matter by stating
that antozone is peroxide of hydrogen ? The objection to so
doing is, that along with the term antozone there were attached
many notions which are not true of peroxide of hydrogen, such
as its being electro-positive oxygen, that it had the power of
forming peroxide of hydrogen on coming into contact with
water, etc.

Finally, the very name antozone implies a substance in its
nature the opposite of ozone, and supposes the existence of a
theory to account for the difference. For these reasons, I deem
it more just to sum up the question by reaflirming the affirma-
tion made at the beginning, that tkere is not, and never was,
antozone. {

ITI.—PEROXIDE OF HYDROGEN.

Though Peroxide of Hydrogen was discovered by T'hénard
more than half a century ago (1318), and has ever been a sub-
stance possessed of unusual interest in the eyes of chemists, yet
the difficulties of its mauufacrure were so great, that only re-
cently has 1t ceased to be a chemical curiosity and come into
common usze in the arts. Only a year ago a very dilute solution
of the peroxide, imported from Europe, was sold in New York
at the price of $16 per gallon. But to-day a solution containing
.8 per cent. is retailed at about $1 per pound. At this high
price, it is scld nnder fanciful names, and employed to bleach
human hair. But there is much reason for believing that a
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most important future 1s before it, and that alike in the chemist’s
laboratory and in the arts, as a most powerful oxidizing and re-
ducing agent,—for it can act as both,—for bleaching purposes,
ete., it is destined to play a great part. With its cheapening,
many new uses will be found for it, and it is probable before
very long, it will take its place, as Mr. . C. Davis has strongly
urged (Chem. News, XXXIX, p. 220), as an indispensable arti-
cle upon the working-table of every chemist.

But it is not these considerations, which mainly interest us in
connection with its scientific history. It is rather the acces-
sions to our knowledge, which more especially of late have
elucidated many obscure points connected with its sources and
properties. _ '

That the method of preparation from peroxide of barium and
hydrochloric acid (Thénard, 1818), or from the same oxide and
carbonic acid (Duprey, 1862 : Balard, 1862), is not used to obtain
it on a commercial scale, is familiar to many,—the method of
Pelouze, in which hydrofluoric or fluosilicic acid is used to
effect the decomposition, being that empioyed in the arts.

That peroxide of hydrogen was formed in the electrolysis of
water strongly acidulated with sulphuric acid, was stated by
Meidinger (1853), and was apparently so well confirmed by the
experiments of Bunsen (1854), C. Hoffmann (1867), and others,
that until the researches of Berthelot (1878) were published,
the production of peroxide of hydrogen in electrolysis was
looked upon as a fully established fact. But the great French
chemist showed that the body dissolved in the acid electrolyte,
did not exhibit the reactions characteristic of peroxide of hydro-
gen: i. e., it did not decompose potassium permanganate (Bro-
die’s test), nor oxidize chromic to perchromic acid (Barreswil’s
test), nor convert calcium hydrate imnto an insoluble peroxide in
alkaline solution (Berthelot’s test 7). He demonstrated that it
contained in solution the same oxide of sulphur, which he had
previously formed as a beautifully erystalline body by the long-
continued exposure of dry ozone and dry sulphurous acid to the
action of the silent electric discharge—Berthelot’s persulphuric
anhydride, S* O".

Finally, during the course of the year just passed, Schone has
demonstrated in his elaborate research upon the behavior of
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peroxide of hydrogen towards the galvanic current (1879), that
in the electrolysis of water no hydrogen peroxide is formed.

Will the same be found to be true of Schionbein’s statement,
that in the oxidation of phosphorus exposed to moist air, along
with ozone, a by no means inconsiderable quantity of peroxide
of hydrogen is formed ? This point was investigated by the
author in the course of a research into the by-products obtained
in the ozonation of air by phosphorus, with the result of confirm-
ing Schonbein’s observation. 'The amount of hydrogen peroxide
was determined by analysis of the water employed in washing
the ozonized gas, the iodine liberated by the washed gas being
attributed entirely to the decomposition cffected in a neutral
solution of potassium 1odide by the ozone. The proportion of
hydrogen peroxide to the ozone, as determined by this method,
was only one to four hundred. DBut later, the author has re-
investigated the subject, estimating not only the hydrogen perox-
ide held back in solution, but the entire amount present in the
ozonized gas, and has found that its proportion to that of the
ozone may exceed one to three. The two substances, as Schone
has pointed out, may be present in the same vessel in quite a
concentrated form for a long interval, without effecting a com-
plete mutual decomposition, and when highly dilute, may co-
exist for hours.

One question of very great interest still remains :—is Peroxide
of Hydrogen present in the atmosphere? As yet, except as an
inference from other meteoric phenomena, there is no evidence
that 1t 1s.  Meissner (1863), Schonbein (1868), Struve and
Schmid (1869), and Goppelsroder (1871), believed that they
had succeeded in demonstrating the presence of peroxide of hy-
drogen in rain. Houzeau, whose authority in matters of chemieal
climatology no one would feel disposed to question,—seeing that
he gave a lifetime of arduous study to their elucidation,—made
very numerous analyzes of the atmospheric precipitates, at dif-
ferent seasons of the year, occurring in the vicinity of Rouen
(1868). But he did not succeed in finding peroxide of hydrogen
either in snow or rain-water, nor in natural or artificial dew.

But in the year 1874, Schine made an elaborate investigation
of the subject, and obtained results which established, that in
that locality at least, and at the time his experiments were per-
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formed, hydrogen peroxide was present in certain atmospheric
precipitates. Of 130 samples of rain-water collected during the
latter half of the year 1874, at Petrowskoje, near Moscow, he
found only four in which hydrogen peroxide could not be de-
tected. Of snow, of which 29 samples were examined, there
were 12 in which the presence of hydrogen peroxide could not
be proven. As to the amount, Schone found that it varied in
rain-water, between one part in one million to one part in twenty-
five millions.

The problem, how to detect with scientific exactitude the pres-
ence of ozone, or peroxide of hydrogen, or of both, in the exces-
sively dilute condition in which, if ovdinarily they exist at all,
they must be present in the earth’s atmosphere, is still unsolved ;
and while its importance, as a leading factor in chemical and
medical climatology, is on all sides generally admitted, there
appears to be scanty prospect of its speedy or satisfactory settle-
ment.

o
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tual decomposition in
acid solution.
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to be the case.

Behavior of H.0. with
plumbic acetate, ozone,
potassium manganate,
chromic acid, etec. Con-
siders the O in H.0, and
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be in opposite electrical
conditions; in the for-
mer, electro-positive, in
the latter, electro-nega-
tive.

N. Arch. ph. nat.,. [4]
VI, p. 178; Amer. J.|
Sci., [2] XXVII, p. 19;|
Ann. Ch. Phys, [3] LV,|
p. 218. |
pr. Chem., LXVII, p.|

263 : Chem. Centr. fur
1859, p. 741; Pogg., Ann,,!

CVI, p. 813.

H,0O. obtained from po-
tassium, sodium, and
barium peroxides on
mixing with H.O. Evo-
lution of O on mixing
H,O, with perchlorates.
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Pharm., XTI, p. 288.

Proc. Amer. Acad. Arts and Reaction for chromium by
Sciences, 1V, p. 338 ; J.| means of H;0s.
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Rep. chim. appliquée, II,
p. 155. |
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in Basel, II, p. 520; J. pr.[ Ba O. by means of hy-
Chem., LXXX, p 280. | drofluosilicic acid.

Verhandl. der naturf. Gesell. Behavior of chromic acid
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Chem., LXXX, p. 257: acid.

Rep. chim ¥ pun, SillSp
36.
|Chem. News, II, p. 23. Delicate tests for H,O, ;
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Fe 80,; 2d.—K; FeCys

+ a ferric salt ; 3d.—

KMnO,; 4th.—Indigo+-

Fe 80,; 5th. —Chromic

acid.

Ann. Chim. et Phys., Catalytic decomposition of
LVIII, p. 486; Pogg. ,i H.0, by platinum, and
Ann., CIX, p. 130. | the cause.

Verhandl., der naturf Ge-On the action of N.O4 on
sell. in Basel, II, p. 507; H:0..

J.- pr.! Chema: 1XeXoX e

p. 265 : Chem. Centr. fu1|

1861, p. 165.
|Pogg., Ann., CIX, p. 134. Plep'ndtlon of a mixture
. | of H.0, and ether, and

il its characteristics.
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487,

Centr. fur 1861, p. 234.

|Chem. News, II, p. 107;
Pogg., Ann, CI‘( p- 546;
Bull Soc. Chlm 1860
p. 178.

J. pr. Chem.,
276.

‘P()Og Ann.
| , 446,

|

R. Soc¢ Proc., XI, p. 442.

Chem. News, V, p.
pr. Chem.,

Chem. Centr., 1862, p. 97.

Compt. Rend., LV, p. 737

Compt. Rend.,

Institut, 1862, p.
Dingl.,, Polyt.
CLXVII, p- 38;
Chem.,
440 : Zeitsch.
Phaml 1862, p. 695.
Compt Rend., L\ p. 738.

iPhil. Trans., p. 834.
Ann. der (.hem u Pharm.
Suppl. IL, p. 2

Zeitsch. anal. Chem.,
440,
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LXXXI, pp. Chloride
401 ; Arch. Pharm., |
[2], CV, p. 129; Chem.

LXXXI, p.

L CX S ppE 28

129 5 c]—.
LXXXL p.

2

401.
Chem. News, IV, p. 57
b Wittsb. V. Schr., TX, 'p.
| 546.

Ve Pz 36
Chem. News, VII, p. 301;

365 ;
Jour.,
i PL
LXXXVIIL, p.
Chem. u.

of lime with
H-0. in acid solution,
gives off four atoms of
oxygen. Action on
chromic acid.

Action of H,SO, on H,O,
in liberating ozone. Lib-
eration of oxygen by the
alkalies.

lodine is changed by H.O.
into HI in presence of
alkaline carbonate.

Tests for H.O,. Forma-
tion of H,0, from H,O
and O in contact with
Zn, Cd, Pb, Cu, and
the other metals, except
A, Ao Pr, ete) ina
moist atmosphere.

Action of H.O: on oxy-
genated bodies in solu-
tion.

Action of H,0. on the
higher oxides, and the
formation of perchro-
mic acid.

;[Preparation of an etherial

solution of H.O.,.

H,0. made from K.O, and
hydroﬂuowhcm acid.

Bleaching power of H,0.
upon organic coloring
matters.

Preparation of H,O, from
Ba...}()g, o) I‘I:}O and 002.

Uses same method of pre-
paration as Duprey.

(Decomposition of H.0,

by KMnO,, K; FeCys,

Ba (Cl0), and H.CrO,,

and on the oxidation ef-

| fected by H:0..

,/Ozone forms H.0, with
water, only in presence
of nitrogen or an oxi-

| dizable body.

I, p.|Action of H:0. on plum-

bic acetate, ete.

J Chem. Soc., XVI, p. 320. Decompomtlon of H;0, by

| KMnO,, etc.
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Bull. Soc. Chim., [2] IIL,| slow oxidation of lead.
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and XCII, p. 150 ; Insti-| means of KI and in-
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p. 245 ; Bull. Soc. Chim.,
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[3] XLVI, p. 313.
1865 C. Hoffmann |Ann. der. Chem. u. Pharm.,|H,0O. made from potas-

CXXXYVI, p. 188 ; Chem.
Centr. fir 1865, p. 1119 ;
Phil. Mag., [4] XXXI, p.
143.

sium peroxide and hy-
drofluosilicic or tartaric
acid.

Giannuzzi Zeitschr. Chem., VIII, p.|Action of H.O> on myo-
749. sin, fibrin, blood-serum,

albumen, etec.
1866, Schonbein J. pr. Chem., XCVIII, pp./Formation of H,O, by the

257, 280 ; Zeitsch. Chem.
fur 1866, p. 658 ; Bull.

slow oxidation of or-
ganic substances in the

Soc. Chim., [2] VII, p.| absence of water, as
238 ; J. Pharm., [4] IV,| ether, alcohol, ete.
P 808 S pr G hem
XCIX, pp- 11, 19 ; Zeit-
schr. Chem., fir 1867, p.
93.
& J. pr. Chem., XCVII, p. 76; Catalytic decomposition

Ann. Chim. Phys..
VII, p. 103 ; J. Pharm.,
[4] IV, p. 395.

(J. pr. Chem., XCVIII, p.

270.

(J. pr. Chem., XCVIIIL, p.
65: N. Repert. Pharm.,
XVI, p. 6; Zeitsch. Chem.
fiir 1866, p. 445 ; Zeitsch.

(4]

of H.O. by Pt, Ru, Ir,
Rd, ete.

Delicate test for H,O,—
plumbic acetate, starch,
potassium iodide or gu-
aiacum and a solution
of blood-corpuscles.

Stability of H.O, in aque-

ous solutions.

| anal. Chem., VI, p. 114 ;
| J. Pharm., [4] IV, p. 306;
| Chem. News, XV, p. 123.
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047,

{Compt. Rend., LXII, p.
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CXXXVIII, p. 129.

Compt. Rend. LXII, p. 757;
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Compt. Rend., LXII, p. 829.
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S., VIIL, p. 465.
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pp. 306, 321; J. pr. Chem.,
C, p. 469; Zeitsch. Chem.,
fir 1867, p. 606 ; Bull
Soc. Chim., [2] IX, p. 74.

J. Chem. Soc., [2]V, p. 460.

Zeitsch. Chem. fur 1867, p.

VIII, p. 404; Ann. der
Chem. u. Pharm., CXLI,
p- 205.

Chem. News, XVII, p. 57;
Compt. Rend., LXVI, p.
44

Compt. Rend., LXVI,

314,

179: Bull. Soe. Chim., [2}|

Chem. News, XIV, p. 10?;!Concenf1'a1tion of

H20‘2)
and various reactions.

Action on H,0, of Fe,
Al, ferrous salts, Mg,

r’[‘]‘ NH:g, Ag NOS,
RILZ (KT L Fe S0.).

K Mn O,, K, Fe, Cys,,
and K; Fe Cys.
Concentration of H,O, by
evaporation at the hoil-
ing point, ete.
Theoretical consideration
of H.O,. Instability of
the H in the molecule as
compared with H,O.
Experiments in H,Os.

Sci., |Preparation of H,O, from

K.0; and fluosilicie
acid ; also from K.O;
and tartaric acid.

On the reaction of H.O,
and H O.

Action of platinum, iridi-
um, ete., on H.O,.

Formation of H.O. from
various substances, as
in turpentine, alcohol,
resins, ete.

Reaction of H,0, and
18010
Action of H.O. on potas-

sium permanganate.

Method of estimating
quantitatively small am-
ounts of H.O. by means
of KI and an acid.

p. Upon H.0., considered as

the cause of the altera-
tions in Houzeau’s test
papers.

'N. Repert. Pharm., 18, 364; Occurrence of H,O. in

|k p.
270.

J. pr. Chem. CV, p. 219;

‘ Institute, 1869, p. 6.

pr Chem., CVI,

TJ. pr. Chem., CV, p. 241.

I

rain-water, air, ete.

H.0, recognised by malt
extract and guaiacum
tincture.

Stability of H.O. on heat-
ing its aqueous solu-
tions.
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Rend., LXVIII, p. 1551 ;
J. pr. Chem., CVIIL, p. 503;
Zeitsch. fur Chem. von
Beilstein, fur 1869, p. 274.
fiir pr.
XVIII, pp. 371,

R .

C\'TI, P. <o
N. Rep. Pharm., XVIII,
p. 28; Zeitsch. Chem. fur
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(\(‘ D 499,
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IX, p.
49 . Zeitsch. Chem. fur
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Estimation of small quan-
ties of HyOs.

No H,0, in the air.

Reducing action of H;0,
in presence of CsH;O.

H,0. from electrolysis of
water.

Effect of the state of sur-
face in the rate of de-
composition of H,0..

:|Detection of H.O; in rain,

snow, &c., by means of
KI, starch, and ammo-
nio-ferrous sulphate.

Action of H,O, on emulsin
and myrosin, spittle and
milk.

:|IBehavior of H,0, towards

ferment.

Occurrence of H,0, in
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Action of HyO, on molyb-
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[ 218" Berl Bericht, V1T,
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and phenole.

Presence and formation of
H.0, in the atmosphere.

Occurrence of H.,O, in
combustion and in vital
processes.

Action of KMO, on H,0,
under influence of a
freezing mixture.

Determination of H,O. by
means of indigo.

Production of H;0, in the
electrolysis of H,S0y.
Formation of H,O; by the

action of ozone on sul-
phate of indigo.
The same.

Decomposition of H,O,
by filter paper, ptyalin,
and pepsin.

Production of H,0, in the
electrolysis of sulphuric
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Presence of H.O, in ben-
zene.

Thermo-chemical
ches on H,O,.

resear-

Stélhﬂit}" of H202 4

Test for H.O, by means
of pyrogallic acid.
Estimation of H,0.
KMnO,.

Formation of H.O, in the
slow oxidation of tur-
pentine oil.

by

Preparation of H,Os.

H.0; and NH4O give ni-
trous acid.
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(3] V, p. 1020. ,

Pogg., Ann., CLI, p. 194;H.0, as an oxidizing agent

| J. Chem. Soe., 1875, p.| (Thermo-chemical Re-
223. searches),

[Ann. der Chem. u. Pharm.,|Formation in nature of ni-

| CLXXIV. p. 31; J. Chem.| trous acid, nitrie acid,
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