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THE HISTORY OF OZONE. VII. THE
MYTHICAL SPAWN OF OZONE: ANTOZONE,
OXOZONE, AND OZOHYDROGEN (1)

Mordecai B. Rubin, Technion, Haifa, Israel

Introduction

It is a truth generally acknowl-
edged that, a single chemist in
possession of a good laboratory
must be in want of a theory (2).
Thus C. F. Schonbein (Fig. 1),
the discoverer of ozone, wrote
in an 1857 letter entitled “On the
Various Conditions of Oxygen”
which was read before the Philo-
sophical Society in 1858 by his
friend, Michael Faraday (3):

Be this, however, as it may, as
we philosophers cannot do any
notable work without having
some hypothetical view in our
heads. I shall place myself for
some time under the guidance
of the conjecture alluded to,
and see what can be made out
of it. If it leads to the discovery
of some interesting facts I shall
not feel ashamed of it, though it

may turn out to be fallacious. We are but short-sighted
men, and must be content with finding out a little bit
of truth in wading through a sea of errors.

The modesty of the last sentence proved to be well

justified.

Noyes and Kassel pointed out the danger involved

“4):
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Figure 1. Christian Friedrich Schonbein, Basel,
1799-1868 from Bull Hist Arch. Orig. photo from

Univ of Basel Library

...the human mind is so consti-
tuted that it must have a picture
as a working basis. .... Far too
frequently, however, authors have
been lead to form pictures and
then to seek an interpretation of
all data obtained subsequently in
terms of these pictures, thereby
overlooking many important
points. It must be borne in mind
that several different pictures will
usually interpret a given set of data
with equal exactness.

Schonbein’s original proposal of
ozone (5) had been based simply
on odor. It had been a great suc-
cess, winning from Berzelius (6)
the comment that it was one of
the most important discoveries in
chemistry. Perhaps the ephemeral
basis of its discovery prompted,
in Schonbein and others, the no-
tion that additional world shaking
discoveries could be made on the

basis of minimal evidence. In the case of ozone, how-
ever, it should be pointed out that, within a year after

its initial proposal, a large number of its properties had

been established, unlike the substances described herein,

which consistently eluded their pursuers.

This paper describes three examples from ozone

chemistry of substances—antozone, oxozone, and
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ozohydrogen—which were proposed by eminent chem-
ists of their time in order to explain certain experimental
phenomena. They consumed considerable research effort
before disappearing from the literature.

Antozone

Schonbein was one of the outstanding chemists of the
19th century. In addition to the discovery and study of
ozone, he developed commercial nitroglycerin explosives
and studied a variety of physiological processes. He was
particularly interested in an understanding of oxidation
in chemical and biological systems. In this connection
he came to the conclusion that some activated form(s) of
ordinary oxygen was required for oxidation to occur. In
a sense he was anticipating the idea of activation energy
in chemical reactions. This consideration and the fact
that ozone was formed by electrolysis led him to the
idea that there were two species involved, negatively
0-0-@

charged ozone and a positively charged coun-

terpart, antozone 0-0-® . Furthermore, the low yield
of ozone obtained in electrolysis could be rationalized
by assuming that two simultaneously formed but op-
positely charged species neutralized one another to give
ordinary oxygen; it was never clear why a small amount
of ozone survived.

These ideas were first presented by Schonbein in an
1857 lecture before the Bavarian Academy of Science
published in three parts in 1859 (7) and in the 1858
paper cited in the Introduction. The name antozone first
appeared in a second 1858 paper (8). A succession of
publications involving antozone appeared during the
next five years (9).

Scheme 1
0-0-© + 00-® —/m 30,
Ozone Antozone
HQO + O'O'@ e HQO(-D + 02
HO + 0-0-6 — N. R.
HO® + 006 —> HO + 20,
100°
4 HCl + Ba02 . > BaC|2 + 2H20 + C|2
high conc.
100°
2HCI + Ba0, =~ —> BaCl, + H,0,
low conc.

The great difficulty with antozone was that it was
never possible to obtain a defined gas that could be rec-
ognized as a new substance with specific properties of
its own, as had been the case with ozone 20 years earlier.
There was no positive evidence for the existence of anto-
zone. The best that Schonbein could do was to claim that
antozone reacted with water to form hydrogen peroxide
while ozone did not, so that the formation of H,O, be-
came a major criterion for the prior presence of antozone.
Ozone on the other hand, did not react with water to form
the peroxide but destroyed hydrogen peroxide, as shown
in Scheme 1. This was explained by assuming an atom
of antozone in H,0,; this reacted with ozone to give
oxygen. He even developed (10) an improved analytical
procedure for H,O,. Another criterion was the reaction of
metal peroxides containing antozone with HCl to liberate
Cl,; peroxides containing ozone did not undergo this re-
action. According to this view, barium peroxide contained

antozone (Bao_@ ), lead dioxide did not (PbO®). The
weakness of this approach was the fact that it was only as
valid as the choice of reaction conditions (see Scheme 1).
Schonbein devoted much work to categorizing various
substances as ozonides (containing negative oxygen) and
antozonides (containing positive oxygen).

Thus Schonbein, an avowed doubter of the existence
of atoms, was led to consider molecules in which one of
the atoms bore a charge. This was actually not a new idea.
Brodie (11) had proposed alternating charge polarization
to explain certain kinds of reactivity ten years earlier;
Schonbein, to Brodie’s annoyance, did not cite this earlier
work. In 1862 Brodie published a paper (12) in which,
without ever mentioning the word antozone, he showed
that reactions of metal peroxides could vary depending
on the reaction conditions (Scheme 1). Among a number
of examples was the reaction of barium peroxide with
hydrochloric acid, which was shown to depend on HCI
concentration: in dilute solution H,O, was formed, in
concentrated solution Cl,. Similar behavior was found
for lead dioxide. According to Schonbein’s criteria, the
barium peroxide results indicated that this peroxide con-
tains antozone when allowed to react with concentrated
HCI but not with dilute HCI. Brodie wrote (12):

It is thus seen that those differences in the behavior
of the different classes of peroxides, from which an
imaginary distinction has been drawn between the
oxygen respectively contained in them as positive or
negative, are not fundamental and characteristic differ-
ences...nor are the peculiarities in the reactions of the
oxygen of the alkaline peroxides of such a nature as to
need any special hypothesis to account for them.
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So much for antozone. Nothing

further was heard from Schonbein
on the subject of antozone, and he
never referred in print to Brodie’s

paper.

An amusing side issue which
has perpetuated the name of anto-
zone came from geology. A fluorite
mineral (German, Flussspath) stud-
ied in 1859 by the geologist (and
musicologist) Schafhaeutl (13)
in Germany gave off a bad odor
and formed H,0, when crushed.
Schonbein obtained samples and
leaped to the conclusion, because
of the H,O, formation, that the
odor was due to antozone. The |
difficulties involved in the study of ||
antozone are illustrated by Schrot-
ter’s attempt (14) to establish that

the volatile substance was ozone. ||| cras noerie

refer to Meissner in any of his
publications. After his move from
Freiburg back to Géttingen in 1860
Meissner strayed in part far from
physiology by carrying out inten-
sive investigations on antozone
even after Schonbein abandoned
it. Instead of publishing in the
journals of the time, his papers
appeared in three bound volumes
(17). Meissner observed that when
ozone was passed into a solution of
potassium iodide, which destroyed
the ozone, a white fog was formed
which passed through water wash
bottles. He called this fog “atmi-
zone” and later decided that it was
identical to Schénbein’s antozone.
Upon standing for about an hour,
the fog disappeared and droplets
were formed in the vessel. Unfor-
tunately, their composition was

GOTTINGEN,

Schrotter passed the volatiles over

4

a heated surface which would
destroy ozone and then into KI
solution. Unheated volatiles gave a
strong positive test for iodine, whereas heated volatiles
did not. He concluded the material was ozone, which
was known to be thermally unstable (5). However, since
the behavior of antozone on heating was not known, the
result is consistent with ozone but not conclusive. After
a long series of investigations, Becquerel and Mois-
san (15) showed in 1890 that free fluorine was present
in such minerals and that the reaction of fluorine with
water to form ozone (16) was responsible for the odor.
Schonbein thought he had antozone in hand. In fact, his
sense of smell had let him down. There is a family of
fluorite minerals found all over the world that exhibit
this behavior when crushed with water. They have been
named antozonites and are the only survivors of the
antozone theory.

The chemical community in general ignored anto-
zone and wisely so. The major supporter of antozone
after Schonbein was the physiologist, G. Meissner (Fig.
2), who had made important discoveries in physiology
at an early stage of his career. Certain sensors in the
body bear his name, and he advanced rapidly at an early
age. Meissner spent the years 1855-1857 (age 26-28)
as professor in Basel, where he apparently came under
Schonbein’s influence, although there is no evidence for
any collaboration between the two, nor does Schonbein

Figure 2. Georg C. F. Meissner, Gottingen,
1829-1905

not studied in detail until the work
of Engler and Nasse (see below).
Meissner’s analytical method for
establishing the presence of antozone was the appearance
of this fog. Rothmund (18) investigated fog formation in
some detail about 50 years later and showed that it was a
general phenomenon in ozone systems and had nothing
to do with antozone. Meissner’s work was received in
America with considerable interest, in the form of sum-
maries by two distinguished American chemists (19).

The possibility that the fog contained hydrogen
peroxide was ruled out since it passed through water.
Both Babo (20) and Weltzien (21) suggested that it was
nonetheless H,O,. The matter was settled by Engler and
Nasse in 1870 (22) who identified the fog unequivocally
as dilute aqueous H,O, by condensing it in cold traps
followed by characteristic tests for H,O,. They also
showed that similar fog could be obtained by applying
reduced pressure to aqueous H,O,. So much for atmizone
and antozone. Meissner continued his other academic
activities but retired from research, apparently because
of flawed results in some of his physiology research; but
this may also have been related to the antozone fiasco.
In Fox’s 1873 book on ozone and antozone (23), one of
the chapter headings is “Does the atmosphere contain
antozone, alias the peroxide of hydrogen?” Leeds, sum-
marizing the history of antozone in a very critical 1879
article, wrote (24):
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By far the most important fact
in the long and perplexing his-
tory of Antozone, is the recent
discovery that there is no An-
tozone

All that remains is the designation
of certain minerals and a valiant,
if misguided, attempt to under-
stand oxidation.

Oxozone

C. D. Harries (Fig. 3) was re-
sponsible for introducing the use
of ozone into organic chemistry
during the first two decades of
the 20th century (25). In four
summary articles of his ozone
work (26, 27, 28, 29), as well

was attributed to the formation
of peroxides which reverted
back to the original carbonyl
compounds on work-up with
water. No such simple explana-
tion was available for a number
of alkenes possessing only the
multiple bond but which formed,
in addition to normal ozonides,
products in which four oxygen
atoms were incorporated (27).
These included 2-butene, am-
ylene, cyclohexene, pinene, and
others (28).

Harries proposed that the
products containing four oxy-
gen atoms were formed from a
new allotrope of oxygen, with

as a collected volume of his
ozone publications (30), he es-
tablished the utility of ozone in
organic synthesis and in struc-
ture determination of organic compounds. Harries
established that the reaction of ozone with the double
bond of an alkene gave a labile addition product
(R + Oy — RO,), to which he assigned the trioxo-
lane structure 1 (Scheme 2) and gave the name ozonide
31).

Figure 3. Carl Dietrich Harries, Kiel, 1866-1923
Photo from Siemens Archives

Harries’ procedure was to pass ozonized oxygen into
cooled solutions of alkene in a volatile solvent (27) and
then remove the solvent. In some cases the residue could
be purified by distillation or crystallization (explosion
hazard) and the product submitted to combustion analysis
and cryoscopic molecular weight determination. In many
cases, the addition of ozone to the double bond to form
the ozonide was established by molecular formula; other
methods for structure determination were not available;
in fact, his trioxolane structure for the ozonide is not cor-
rect. If purification was not feasible, the crude reaction
product was evacuated exhaustively and tested directly
or separated into fractions on the basis of solubility or
boiling point. Subsequent reaction of the ozonides, with
water in the earlier years and later with zinc, afforded
the familiar cleavage products, aldehydes and/or ketones
and/or carboxylic acids.

However, at a fairly early stage in his investigations,
products having the formulae RO, were also obtained
(26,p 319;27,p 289). This was observed to be a general
phenomenon with carbonyl containing compounds and

molecular formula O,, which
he named oxozone; its reac-
tion with alkenes produced the
addition products, oxozonides
(R + O, = RO,). Interestingly, the output of Harries’
ozone generator increased from about 5% ozone in oxy-
gen in 1905 to as high as 14% by 1910 and close to 20%
during the last years of his ozone work at Kiel, values
much higher than reported by other laboratories where
the silent discharge apparatus was used. These higher
concentrations resulted in higher yields of oxozonides,
suggesting to Harries that the production of oxozone
was greater in these years. Further, base treatment of the
initially formed gas mixture produced an effluent gas with
reduced oxidizing power (reaction with KI solution) and
produced only the “normal” ozonides. His conclusion
was that oxozone is destroyed by alkali. The amount of
oxozone in the original gas mixture corresponded to the
reduction in oxidizing power on treatment with alkali and
was on the order of one third or higher in a number of
cases involving high ozone concentrations. Substances
corresponding to dimeric ozonides (R,0O,) and dimeric
oxozonides (R,O,) were also obtained in some reactions,
Harries suggested—but with no supporting evidence —
that both O, and O, were in equilibrium with their dimers
O, and Og and that the dimeric species were favored at
lower temperatures.

One might have thought that the proposed discovery
of new allotropes of oxygen would have occasioned much
interest in the chemical world. This was not the case,
and rightly so as it turned out. Except for an occasional
reference to an ozonolysis-induced product with an extra
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oxygen atom, there seemed to be little or no interest in
oxozone. As with antozone, there was no direct evidence
for the existence of O, nor are there any published reports
of attempts to isolate it or obtain it in enriched form. In
fact, within a short time (1922), Riesenfeld and Schwab
(32) isolated pure ozone and reported that there was no
evidence at all for a higher molecular weight component
such as O,. Lainé (33), searching for an O, species in
his studies of the magnetic susceptibility of ozone, also
concluded that the product of silent discharge on oxy-
gen was the single substance, O,. Except for one 1967
paper (34), it has not been mentioned in the literature
for decades.

Less than ten years after Harries abandoned Kiel
for Siemens and Halske, O, reappeared in a new guise.
In 1924 Lewis (35) proposed it as a metastable dimer of
molecular oxygen in order to explain the concentration
dependence of the magnetic susceptibility of oxygen.
Since then O, has flourished (36 and references therein)
as well as higher allotropes (O, Og) of oxygen, none of
them having any connection with the oxidative cleavage
of alkenes.

Nonetheless, one must seek an explanation for
why Harries went wrong. This was provided in 1942,
30 years after Harries’ work, in an extensive paper on
ozonolysis by Rieche, Meister, and Sauthoff (37). They
repeated his ozonolysis of 2-butene and, following his
manipulations, obtained a material with properties very
similar to those described earlier and with a molecular
formula C¢H,O,. This is the correct formula for the
dioxozonide of 2-butene (2 C,Hg + 2 O,) as proposed
by Harries. However, Rieche identified it as the cyclic
peroxide 2, (Scheme 2), the tetramer of the Criegee
zwitterion 3 (carbonyl oxide) which is an intermediate in
the ozonolytic cleavage of double bonds. The empirical
formulae of the zwitterion, its oligomers, the addition
product of putative O, to butene, and the dioxozonide
are all identical — (CH,O)n!

Scheme 2
a. No-o—
0 0 0 ® O
H3G—CH-0-0
Zasy N ;
1 2

Harries’ problem was his fertile imagination and
the limited knowledge he had available to him on the
structures of the intermediates in ozonolysis. Aside from
empirical or molecular formula. he had no other evidence;

nor had work progressed to an understanding of the
detailed mechanism of alkene—ozone chemistry. Part of
the problem was his use of acetic acid in the determina-
tion of molecular weights, which leads to decomposition
reactions; Rieche et al. used benzene as solvent in their
cryoscopic measurements.

A second explanation was the possible occurrence
of additional reactions of ozone, particularly with the
high ozone concentrations of the later Kiel years. The
reaction of ozone with C-H bonds to produce alcohols
is well documented, albeit slower than the reaction with
double bonds; its rate would be enhanced by the high
ozone concentrations. This was briefly considered by
Harries and discarded because he claimed, interestingly,
to have interrupted the reactions as soon as the alkene
was consumed.

Ozohydrogen

In 1853 Osann (G. not H.) (Fig. 4) reported that acid so-
lutions of metal salts, particularly silver salts, deposited
the metal at the cathode upon electrolysis (38). He went
on to record this same observation in a number of addi-
tional papers (39). A further observation was that these
reductions were not achieved by chemically generated
hydrogen gas but only upon electrolysis. Based on the
analogy that oxygen is converted in part to ozone upon
electrolysis, Osann proposed from the beginning of his
work that the reductions were effected by a new, active
form of hydrogen which he called ozohydrogen. The
name implied it had the molecular formula H,; another
name was hyzon. Considerations of bonding did not
come into play in 1853. Ozohydrogen could, according
to Osann, be stored for long periods of time without
losing its special reducing power (39). Osann’s papers
were summarized uncritically by Jensen (40) in 1990 in
a very interesting article on the nascent state.

Apparently Osann was completely unaware of the
fact that Hisinger and Berzelius (41),49 years before his
work, had proposed that electrochemical reactions could
be effected by direct interaction between the electrode
and species in the solution being electrolyzed, or indi-
rectly by formation of an intermediate that reacted further.
He also apparently had no knowledge that electrodeposi-
tion of metals was well-known; a patent had been granted
in 1840 for electroplating with gold or silver, and com-
mercial application had followed. The generally accepted
point of view had been that the reaction was a direct
one, involving the electrode and the metal in solution
and thereby completely independent of any species of
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hydrogen. It should be noted that Faraday, who initially
supported this view (42) later favored an indirect reaction
involving nascent hydrogen formed at the electrode. Five
years after Osann’s first report, Magnus (43) did address
the question of the mechanism of the silver precipitation.
He reported that a new American student, “Dr. Dean,” had
arrived in his laboratory and been given this as a research
problem. When Dean failed to reproduce Osann’s results
on the activity of electrolytically generated hydrogen,
Magnus himself made two attempts, and, luckily for
Dean, also failed to reproduce Osann’s results. Silver
was only deposited during the time when current passed
through the solution. Magnus came out unequivocally
on the side of a direct electrochemical reaction, which
is clearly, in modern perspective, correct. None of this
had any influence on Osann, who continued to publish
his work with ozohydrogen, his last paper on the subject
appearing in 1864, two years before his death.

Figure 4. Gottfried Wilhelm Osann, Wiirzburg 1797- 1866.

This is a very curious story involving a complete
neglect of the chemical literature; the only citations in
all of these papers are a few references to Osann’s own
work, mainly to lectures he presented in Wiirzburg.
Osann was not an amateur chemist as can be seen in the
biographical section of Ref. 37; he was also rector of
his university for some years.

H,,however, has been a subject of interest for many
decades. It first reappeared about 50 years after Osann’s
work in Thomson’s studies on cathode rays (44) with the
detection of a species having m/e = 3, which he desig-

nated X5 and considered most probably to be the cation of

triatomic hydrogen. Three years later Dempster obtained
the same species in relatively high concentration (45).

A number of reports of H, appeared later in the
literature but were shown by Smallwood and Urey to
be due to insufficient attention to blank experiments (46
and references cited therein). Herzberg has provided
an interesting account of his accidental discovery of the
spectrum of H, (47). Triatomic hydrogen continues to
be a subject of interest to the present day but bears no
resemblance to Osann’s reducing agent for metal ions
in solution.

Sin in Chemistry

In the years preceding his retirement and immediately
after (1985-1995), the author of this paper presented a
lecture entitled, “Sin in Chemistry — Mistakes and Fraud
in the Chemical Literature,” at institutions in Europe,
North America, Australia, and New Zealand. The essen-
tial point was that the chemical literature is the repository
of our knowledge of chemistry, and we chemists have
a moral commitment to publish material that is as close
to the truth as we can possibly get. Fraud is, of course,
the ultimate sin and should be punished with excom-
munication (for a prime example of fraud see Ref. 48).
Mistakes cover a wide range, from trivial issues like
typographical errors to premature publication before
serious examination of results, or fundamental mistakes
in interpretation. Among the lesser, but real, sins is the
proposal of new substances without any real evidence
for their existence. Speculation, even wild speculation,
is entirely appropriate in private but should not take up
space in the chemical literature until it has a reasonable
degree of real support.

Sin is rampant in all three of the supposed substances
discussed in this paper. Interesting new compounds were
proposed without serious attempts to establish their exis-
tence. The result in all three cases was the expenditure of
considerable useless effort, which encumbered the chemi-
cal literature without contributing anything of value.

Schonbein wrote in his first paper on antozone that
(3):
If it (his conjecture) leads to the discovery of some

interesting facts I shall not feel ashamed of it, though
it may turn out to be fallacious.

It did not lead to any interesting facts, and he should have
been ashamed of it. In his case, at least he was attack-
ing a fundamental problem, the nature of combustion.
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When Brodie demolished his scheme, he abandoned
antozone.

His partner in sin, Meissner, is subject to more
serious criticism. He considered antozone to be the fog
formed with ozone under certain conditions. Upon stand-
ing, this fog condensed to leave droplets in its container.
No attempt was reported by Meissner to determine the
constitution of those droplets. Had this been done, as it
was years later by Engler and Nasse, it would not have
been difficult to establish that one was dealing with dilute
aqueous hydrogen peroxide, and that would have been
the end of it.

Harries’ oxozone is another case where a substance
was proposed without any real evidence for its existence,
nor was any ever obtained. At least it can be said in his
defense that his experimental procedures were sound.
Rieche successfully repeated his work in order to obtain
the tetramer 2 and establish its structure. If one skips over
the oxozone and O, parts in Harries’ papers, there is no
problem. Unfortunately, there are many such discussions
in his papers. He also proposed new allotropes of oxygen,
O, and O, which had no basis in fact.

Osann’s ozohydrogen work can only be described
as an aberration. He overlooked a considerable body
of earlier work; some of his key results could not be
reproduced, and he ignored criticism. Inquiries at the
University of Wiirzburg established that he was rector of
the university in the late 1840s (and apparently a progres-
sive rector at that) but provided no insights that might
have explained his behavior with ozohydrogen.

As already noted, all three of the imaginary sub-
stances discussed here disappeared quickly from the
chemical literature after their initial proponents ceased
to support them. The chemical community of their time
showed very little interest, in contrast to the considerable
activity in ozone chemistry as soon as ozone’s existence
was proposed by Schonbein. The common wisdom oper-
ated well.

Summary

Three substances, antozone, oxozone (O 4), and ozo-
hydrogen (H,), were invented, the first and third in the
mid-19th and the second in the early 20th century, in
order to explain certain experimental facts. None of
these substances could be isolated or characterized,
each serving as a rationale for certain experimental
results and consuming considerable experimental effort
while contributing a minimum to chemical knowledge.

Antozone was proposed by C. F. Schonbein to explain
various observations in ozone chemistry and oxidation
reactions in general. It was, at least, a valiant attempt
at the understanding of oxidation reactions and can be
said to be an early expression of the idea of activation
energy in chemical reactions. Oxozone was proposed
by Harries to account for the presence of one too many
oxygen atoms in some products of ozonolysis of olefins
but turned out to be the result of formation of ozonolysis
products which were not known at the time of his work.
Ozohydrogen, a special form of hydrogen with unique
reducing power, was an invention of Osann which lacked
any merit whatsoever. All three of these “substances”
died with their inventors.

In his first paper on antozone, Schonbein wrote
(3):

We philosophers cannot do any notable work without
having some hypothetical view in our heads.

While this is a valid point of view, it is usually best to
keep such hypothetical views unpublished until they can
be supported.
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Editor’s Note: The Scheme below was inadvertently omitted from the
previous paper on ozone, [“Ozone VI.”], which appeared in the Bulletin,
2008, 33, 68-75. My sincere apologies to the author, M. Rubin.
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