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EDITOR'S PREFACE.

'H=E idea of a series of books on Electro-Chemistry emanated
not from me, but from Messrs. Constable. Some years back
X wrote for them a book called ““ Practical Electro-Chemistry,
intended to cover a great part of the ground of knowledge
then extant. Fortunately, knowledge has a habit of growing
and of propagating its kind, and my book, in consequence of
this, became a ‘ back number .

The subject of Electro-Chemistry is so ramified and
Specialised that it was impossible for one man to make a
survey of the whole field. This fact is the genesis of the
Present series in which those who have accurate and intimate
Xknowledge of the various branches of electro-chemistry have
andertaken the work for which they are particularly qualified.
Xt will be readily understood that, as the series of books was
gtarted at an early period of the war, many contributors were
engaged in work of national and primary importance, and
were unable, however willing, to apply themselves at the
moment to exacting literary work. But this difficulty was

gradually overcome, as some prospect of a period to the
.'e,u.ah .ah
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CHAPTER 1.
OZONE.

Earry HIsToRY.

I~ 1783 Van Marum, a Dutch philosopher, noticed that the
air in the neighbourhood of his electrostatic machine (mow
in the museum at Haarlem, Holland) acquired a marked and
characteristic odour when subjected to the passage of a series
of electric sparks. Cruickshank in 1801 likewise drew at-
tention to the fact that the oxygen gas produced by the elec.
trolytic decomposition of dilute acids under certain conditions
was possessed of a similar odour.

These two investigators merely chronicled the results of
their experiments, and did not pursue their inquiries to
elucidate the origin of the odoriferoussubstance. Schonbein,
in & memoir presented to the Academy at Munich in 1840,
recognised that the smell noted in air subjected to the spark
discharge, and in the oxygen generated by electrolysis, was
due to the presence of a new gas, to which he gave the name
“ ogone” (Blw—to smell), he also showed that ozone was
formed in certain processes of autoxidation, notably by the
action of air on phosphorus, but failed to establish the exact
nature or composition of this new substance.

We shall have cause to observe, when discussing the pro-
cesses of autoxidation, the development of Schénbein’s hypo-
thesis in that ozone or a.ctivei oxygen is produced with its
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electrical isomer ‘“ antozone ” by the disruption of the neutral
oxygen molecule—

+
0, ~> O’ ozone + O antozone.

This hypothesis naturally led to the division of peroxides
into two groups, the ozonides and the antozonides, and to
an extended search for the two active electrically charged
forms of the oxygen atoms.

Various other speculative hypotheses were made as to
the composition of ozone, all unsupported by experimental
evidence, thus, Williamson suggested that it might be gase-
ous hydrogen peroxide, and Baumert considered ozone to be
an oxidised form of hydrogen peroxzide, i.e. H,O,.

Becquerel and Freny first showed that oxygen could be
completely transformed into ozone, thus proving that ozone
was an allotropic modification of this element.

These experimenters effected the conversion of oxygen
into ozone by the passage of a stream of electric sparks
through the gas, the ozone formed being continuously re-
moved by means of a solution of potassium iodide. In this
way all the oxygen originally in the tube ultimately disap-
peared.

Andrews, Tait and Soret (“‘C.R.," 1876) took up the in-
vestigation at this stage, and by the following experiments
proved that the allotrope was actually a condensed form
of oxygen —

A tube of volume V connected to a sulphuric acid ma-
nometer and containing oxygen gas was submitted to the
action of the spark discharge when a contraction in volume v
was recorded on the manometer. On heating up the tube to
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270° C. the ozone was destroyed and the gaseous mixture then
occupied its original volume V.

Soret showed that no change in the volume of the ozonised
oxygen (V - v) took place when the gas was exposed to
potassium iodide or metallic silver, nevertheless the ozone
was destroyed.

‘When, however, the gas mixture was exposed to turpen-
tine a further contraction in volume was observed, the final

t

C =\

LS o S XE TR L R

U

volume being V - 8v where v was the volume contraction on

Sulphuric Acid. )
in Manometer.

F1a. 1.

ozonisation.

As a result of the experiments Soret came to the conclusion
that the molecule of ozone consisted of three atoms of oxygen,
three volumes combining to give two volumes of ozone—

30, = 20,,
since the volume contraction » on ozonisation is elearly equal
to one-third of the oxygen converted into ozone (or one-half
of the resulting ozone), which is subsequently absorbed by
the turpentine. Further, that when ozone reacted with
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potassium iodide or metallic silver it liberated an equal
volume of oxygen :—
O; + 2Ag = Ag,0 + O,.
Soret ascribed the structural formula O—O to the tri-
N/
o)

atomic allotrope of oxygen, and confirmed the existence of
ozone by a determination of its density. The theoretical
density of ozone at N.T.P. should be equal to one and a half
times that of oxygen, and this value was obtained by Soret
and Otto by several different methods, which may be briefly
described :(—

A glass globe of about one litre was filled with pure dry
oxygen at a determined temperature and pressure; and
subsequently weighed; the oxygen was then displaced by
ozoniged oxygen reweighed, and the weight of ozone in the
flask determined by titration with iodine and sodium thio-
sulphate.

If V be the volume of the globe, containing w grams of
oxygen of density 4, and w + ' be the weight of the ozonised
oxygen in the globe, where & is the density of ozone, and v
and w” the actual volume and weight of ozone in the globe,
then

) w+w =8+ V-4,

(i) w” = v8,
(iii) w=AdV.
From (i) v@ - d) =w+w - AV = w,
— w
hence : ) 5T =W

or 8= A( ,,wl ,).

w —w
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Soret showed that the e of trasgoiatn the agh a
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obtained for the time of tranpurntioas of crone and varkou
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ozone of density 8,
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the value 1'534 was obtained, takig cxygen ws umty Lades,
burg ¢ Ber.,” 1901) at a Inter date obtmaned the value § 4600
for an ozonised axyvgen contamnmd 80 grr cont vzone
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quantity of axygen was remsoved by sbsorption i tirge uli
From the results of seven expenms nts Son tabtmned o mean
value differing by only 27 per ceut. from thee Heare tieal

Puysiean, Puorrries oy Ozasy

Ozone possesses a strang penctrating and clarse eyt
odour which cun be detectud m conce ntrntinim of i patt i
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a million of air. We may note that there is no unanimity in
describing this odour, since it has been likened to sulphur,
chlorine and phosphorus (presumably undergoing oxidation
when ozone itself would actually be present) ; other obsexrvexs
have compared it to dilute oxides of nitrogen, whilst De la
Coux likens it to lobster.

Dilute ozone is practically colourless, but when viewed
through a tube five or six feet long it is found to give a sky
blue tint to the column of air.

Hautefeuille and Chappuis (“C.R.,”" 94, 1249, 1882) ob-
tained liquid ozone by compressing ozonised oxygen to 125
atmospheres at a temperature of — 108° C. Liquid ozone is
soluble in liquid oxygen, and Ladenburg (** Ber.,” 3x, 2508,
1898) obtained a mixture of liquid ozone and oxygen, comn-
taining 84'4 per cent. ozone by passing a current of ozonisecd
oxygen through a tube cooled in liquid oxygen, whilst XK.
Goldstein (‘*Zeit. Elektrochem.,™ g0, 972, 1903) obtained
pure liquid ozone by immersion of a double walled gquartz
mercury vapour lamp in liquid oxygéen. When a smuall
quantity of oxygen was admitted into the vacuous space it
was rapidly ozonised by the ultra-violet light emitted by the
mercury vapour and condensed in the form of small drops,
the pressure rapidly fell and fresh oxygen could then he
admitted. Dewar likewise obtained practically pure ligquid
ozone by the careful fractionation of liquefied ozonised oxygzen.
Liquid ozone, which is very liable to explode if accidentally
brought into contact with a trace of organic matter or if the
temperature be allowed to rise, is & dark blue liquid, opaque
in thickness exceeding 2 mm. Olszewski (‘Monatsh.,” 8, 109,
1887 ; ¢ Ann. der Physik,” 3, 31, 1887) gave the boiling-point
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at - 106° C. to — 109° C., whilst Troost (““C.R.,” 126, 1751,
1898) determined it at — 119° C.

The formation of ozone from oxygen is accompanied by
the absorption of heat and the instability of liquid ozone
and the gas at ordinary temperatures is doubtless occasioned
by its strongly endothermic nature.

20; = 30, + 2Q.

The lowest value of Q, the heat of decomposition per gram.
mol. of ozone, is recorded by Hollman in 1868 as 17,064
calories, later determinations by Berthelot (1876) gave 29,600,
Van de Meulen obtained values between 32,600 and 36,000,
whilst Remsen gives the highest value of 36,600. The most
recent observations of Jahn (‘‘ Zeit. Anorg. Chem.,” 60, 357,
1908, and 68, 250, 1910) give 34,000 (see p. 45).

Ozone is soluble in water, but wide discrepancies are found
in the published figures, doubtless occasioned by partial de-
composition during solution.

Schéne (““ Ber.,” 6, 1224, 1873) obtained the value for the
solubility coefficient at 18° C. of 0'366, McLieod at 14° C.
02795, Carius (**‘Ann.,” 174, 30, 1874) at 1° C. 0-834, Liaden-
burg (** Ber.,” 31, 2510, 1898) gave the solubility at 12° C. as
0°01 per cent. by volume, whilst Mailfert (“ C.R.,” 119, 951,
1894) gives the following values for the coefficient :—

Temperature. Coefficient of
Solubility.

0° C. . . . . 064
11.8° . . . . . . . . 05

15° . . . . . . . . . 0456
19° . . . . . . . . . 0881
27° . . . . . . . . . 027

40° . . . . . . . . . 0112
55° . . . . . . . . . 0081

60° . . . . . . . . . 0



8 OZONE

about fifteen times the values obtained for oxygen. M©Moui-
gang (“ Woch Brauerei,” 28, 434, 1911) determined the
following values : 10 mgm. per litre at 2° C. and 1'5 mgm . at
28° C.

In dilute solutions of sulphuric acid (003 — 009 per cent.)
the coefficient of solubility is somewhat higher, as isindicated

by the following figures :—

Temperature. Coefficient of
Solubility.
30°C. . . . e . . 0240
88 . . . ... .. 0224
49° . . . . . . . . 0156
57° . .« . L. . . 0096

Rothmund (“ Nernst Festschrift,” 391, 1912) has indicated
that the above figures are in all probability too low owing to
the decomposition of ozone occurring during the estimation
of the solubility. He found that this decomposition wyas
remarkably small in 0'1 N. sulphuric acid at 0° C. and obtained
& value 0487 for the ahsorption coefficient at this tempera-
ture ; when corrected for the salting out action of the sul-
phuric acid the coefficient in water would be equal to 0-494.

Ozone is soluble in acetic acid, acetic anhydride, ethyl
acetate, chloroform, and carbon tetrachloride (Fischer and
Tropsch, “ Ber.,” 50, 765, 1917), forming blue solutions which
are fairly stable. Solutions of ozone in carbon tetrachloride,
in which the solubility is seven times that in water, do mot
undergo decomposition for twenty-four hours.

The decomposition of ozone (see p. 183) is frequently ac-
companied by a phosphorescence noted by Dewar when pass-
ing ozonised air through a capillary opening, and by Otto in the
action of ozone on water containing traces of organic matter.
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A vivid phosphorescence is likewise obtained when a hot
glass rod is brought near the surface of liquid oxygen contain-
ing ozone (‘ Beger. Zeit. Elektrochem.,” 16, 76, 1910).

R. S. Strutt (" Proc. Roy. Soc.,” 85, 10, 1911) has ex-
amined a number of cases of phosphorescent combustions,
especially marked in vacuum tubes containing ozonised air
under low pressures. Phosphorescence was noticed during
the oxidation of a number of substances by ozone, amongst
the more important being nitric oxide, sulphur, hydrogen
sulphide, ethylene, and iodine. The spectroscopic examina.
tion revealed a banded spectrum in the majority of cases, but
occasionally continuous spectra were obtained.

The spectrum of ozone is exceedingly complex and has
been the subject of numerous investigations.

Chappuis (*C.R.,"” 94, 858, 1882) found eleven lines lying
in the region N = 6285 uw and M = 444 wu in the visible
spectrum, those lying on either side of the sodium lines being
particularly distinct and characteristic, A = 609'5 — 595'5 up
and A = 577 t0 560 uu. Schoéne (“ Zeit. Anorg. Chem.,” 6, 333,
1894) added two to the above number, whilst Ladenburg and
Liehmann (“* Ber.,” 4, 125, 1906) noticed a line in the red
portion of the spectrum.

J. Stark (“‘Ann. der Physik,” 43, 2, 319, 1914) has shown
that the ozone molecule gives rise to many bands lying be-
tween the visible green and the ultra-violet, A = 210 uw. The
bands of long wave lengths were found to be resolvable into
line series.

Certain lines attributed to the ozone molecule are fre-
quently caused by other allotropes of the element, either of
elementary oxygen in the monatomic or diatomic form, O or
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Oy or of those substances when charged. Thus Stark (¢ Phys.
Zeit.,” 14, 720, 1913) has shown the existence of two distinct
arc spectra of oxygen attributable to the substances O, and
0,.

The line in the visible red of the spectrum noticed by
Ladenburg and Lehmann (Poc. ¢it.) is possibly not due to ozone
but to another allotrope of oxygen, viz. oxozone, O, ; whilst
the existence of a band in the infra red or thermal region at
A = 1040 up has been claimed for ozone but has not received
confirmation.

The lines of the oxygen spectrum at the negative electrode
of a discharge tube were examined by Schiister, Steubing and
F. Croze (“ C.R.,” 153, 680, 1916) who gives the following:
A = 6853 uu, 6625, 6032, 5646, 5296 and 498. Schiister's
two negative bands A = 570 - 584 uu and N = 601 - 596 up
could not be resolved.

The lines of atomic oxygen O are found in the examin-
ation of water vapour as well as in oxygen submitted to
intense electrical discharges. Fowler and Brooksbank (‘¢ 1%0y.
Astron. Soc.,”* 77, 511, 1917) have likewise shown the pres-
ence of lines of this series, the third line spectrum of oxygen
A = 5592 up, and 39618 1n stars of the B type as well as in
‘Wolf Rayet stars.

The ultra-violet spectra of oxygen and its allotropes are
of special significance in the consideration of their photo-
chemical interconversion (see p. 70).

That of ozone has been examined by Lenard (“ Ann. der
Physik,"” 1, 480, 1900), Goldstein (“Ber.,” 36, 304, 1903),
and more especially Regener (“ Ann. der Physik," 20, 1083,
1906).
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The O, molecule gives short wave length bands resolvable
into lines between the region x 200 and X 188 uu correspond-
ing to the ultra.violet fluorescence of oxygen. Steubing
noticed five bands between A = 1831, and 1911 ug, whilst
L. and E. Bloch (**C.R.” 158, 1161, 1914) isolated two new
ones conforming to the Delandres formula at A = 1928 to
1986, and 194'6 to 1957 uu. The ultra-violet oxygen atom
O band in the region A = 230 uu and 1 = 340 uu is observed
in the positive column in pure rarified oxygen, and in the
decomposition of dissociation of many oxygen-containing
compounds. The strongest band (see Meyerheim, Grebe,
Holtz and Fowler, * Proc. Roy. Soc.,” 94, 472, 1918) is found
at A = 3064 uu, and is usually attributed to water vapour.

Investigations on the carriers of positive electricity by
Sir J. J. Thomson and his coworkers (“ The Carriers of
Positive Llectricity ') have revealed the presence of a great
number of allotropes of oxygen which give rise to their re-
spective band spectra. F. Horton (" Phil. Mag,,” 22, 24, 1911)
has shown the existence of carriers of positive electricity in
oxygen of electric atomic weights, 8, 16, 32, 48 and 96.

Becquerel has shown that the magnetic susceptibility of
ozone exceeds that of oxygen, and that the ratio of the
specific magnetic susceptibilities exceeds that of the ratio of
their densities.

CHEMICAL PROPERTIES.

Chemically, ozone is a strong oxidising agent, capable of
effecting the oxidation of all the elements with the exception
of gold and some of the metals of the platinum group.

It liberates iodine from potassium iodide and brings about
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the oxidation of numerous substances such as lead sulphide,
manganous salts and ferrocyanides, reactions which form the
basis of its qualitative and quantitative detection and esti-
mation.

The general reaction may be expressed by the equation :—

M + Oy = MO + O,.
In some cases, however, oxygen is not liberated, but the whole
" of the ozone reacts and no free oxygen is evolved. Thus
sulphur dioxide is oxidised to sulphuric anhydride by ozone
according to the reaction :—
380, + 0; = 380,
(see Brodie, “ Phil. Mag.,” 1894, and Riesenfeld, ¢ Zeit. Elek-
trochem.,” 17, 634, 1911). In the combustion of the organic
matter in water during the process of sterilisation by ozonised
air this reactivity of the ozone molecule as a whole 13 likewise
noted. :
Riesenfeld (““ Zeit. Anorg. Chem.,” 85, 217, 1914) observed
a similar series of reactions in the action of ozone on sulphur
compounds. Three atoms of oxygen in the ozone molecule
react with sodium hydrogen sulphite, whilst with neutral
sulphites and alkaline thiosulphates only two atoms react,
the third being liberated as oxygen gas.
With certain peroxides, such as hydrogen peroxide, it
undergoes decomposition as follows:—

Oa + H202 = H20 + 202,
Rothmund (“Monatsh.,”" 38, 295, 1917) showed that the
reaction was unimolecular in excess of hydrogen peroxide,

but in dilute solutions the ozone underwent catalytic decom-
position.
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It has found many uses industrially as an oxidising agent,
which will be detailed in a subsequent section of this volume.
Reference, however, may be made to the deodorising of air,
the conversion of manganates into permanganates, of chlo-
rates into perchlorates, and the “drying” of oils in the pre-
paration of linoleum and varnishes.

At suitable temperatures selective oxidation of undesirable
substances which give an objectionable colour or odour to
many fats and waxes may be obtained, and such processes of
bleaching are receiving extended application. Attempts have
also been made to accelerate the ageing of spirits and wine
by fractional oxidation with ozone.

Ozone is a powerful germicide, as was first indicated by
Frohlich. Its high germicidal activity is doubtless due to its
oxidising power, and as a dual agent of this character it has
been fairly extensively employed for the sterilisation of public
water supplies, for the treatment of wounds in hospitals, and
for various purposes of sterilisation and preservation in in-
dustries, such as hide preservation, cold meat storage and
the like. Although ozone in high concentrations will effect
the sterilisation of air, yet such concentrations as are neces-
sary (ca. ‘05 per cent.) are not capable of respiration without
damage to the tissues, consequently its chief function is as a
deodoriser and ‘‘freshener ” for air in confined and crowded
spaces.

In the realm of organic chemistry ozone has received ap-
plication in two directions, firstly as an oxidismg agent of
great strength which introduces no foreign matter, and
gecondly as a reagent for the ethylene linkage ~ C = C —.

As an oxidising agent it is employed for the preparation
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of vanillin on an extremely large scale. The production of
other substances, such as heliotropine, piperonal,and anisalde-
hyde, can also be accomplished with its aid (see chap- ix.)
Apart from its powerful oxidising properties, ozone will reach
with certain substances in two definite and characteristic

ways to form ozonates and ozonides.

Tre OZONATES.

Baeyer and Villiger (“Ber.,” 35, 3038, 1908) state that
strong ozonised air fumes in moist air colouxrs blue litrnus
red, and causes an increase in the conductivity of distilled
water when passed through it. They thercfore regaxdad
ozone as the anhydride of an unstable ozonic acid, FI O+
According to these authors, if due precautions are taken,
highly coloured ozonates may be prepared by the interaction
of ozone and moist solid alkali hydroxides or concentratesd
solutions of the same at low temperatures.

The ozonates are usually orange or brown. If ozome: be
passed into a cold ammonia solution, it acquires a dark red
colour attributed by these investigators to the formatioxx of
ammonium ozonate, NH,HO,. Lithium ozonate was found
to be least, and that salt of caesium most stable.

A white granular precipitate of calciuin peroxide is forrned
on the passage of ozonised air into cold lime water.

According to W. Manchot (“ Ber.,” 41, 47, 1908), Bacyar
and Villiger's results are to be attributed to the presence
of small quantities of oxides of nitrogen in their ozonised
air, since he found that ozone possessed no acidic quali-

PR
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Tar OzoNIDES.

The ozonides are formed by the interaction of ozone with
organic compounds containing unsaturated ethylene linkages

according to the general equation :—
e 0, - | O>o
—C —C—0

Discovered by Harries (“Ann.” 343, 311, 1905 ; ‘‘ Ber.,’* 38,
1195, 1905), this reaction was successfully employed by him
to elucidate the composition of rubber (see p. 170), and has of
recent years been frequently utilised to identify the presence
of ethylene linkages.

Where compounds containing ethylene linkages are
treated with strongly ozonised oxygen (ca. 40 per cent. O,)
the ozonides thus formed on analysis yield more oxygen than
is to be expected by the assumption of simple saturation of
the ethylene linkage according to the equation :—

—0 —0—0
[+0, » | >0
—C

According to Harries, oxozonides are formed by interaction of
the organic compound with oxozone present in the gas:—

—C —0—0—0
N+0, - | |
—C —(—0—0

More recent experiments, however (see p. 184), have failed
to establish the existence of oxozone in ozonised air or oxy-
gen and consequently some other explanation for the forma.
tion of oxozonides must be ad vanced.



CHATTER II.

THE NATURAL OCCURRENCE OF QZONE.

TEE occurrence of ozone in ordinary atmospheric wir hus
long been a matter of dispute. C. Schiinbein (* J. f. Prakt.
Chemie,” 73, 99, 1858), as carly as 1858, showed that stareh
iodide paper, when exposed to the air, slowly turned biue,
thus demonstrating the existence of some oxidising n:teriey.
He noted that the rate of liberation of iodine varied frony day
to day and attributed this to an alteration in the ozane con.
tent of the air. Cldez and Bineau pointed ont that thr
liberation of iodine from starch iodide conld likewiser b
caused by the presence of oxides of nitrogen naturally present
in atmospheric air.

Houzeau (“Ann. Chem. Phys." IV, a7, §, 1§72, and
“C.R.” 74, 712,1872), as a result of over 4000 determrin.
tions with neutral litmus starch iodide paper, camie to the
conclusion that ozone was present in atmospherie nir in sd.
dition to the frequent occurronce of oxides of nitragen. Aw
& maximum ozone content Houzeau recorded 28 mgm. peer
cubic metre. Houzeau's views were supported by Hartley
(“Trans. Chem. Soc.,”* 3¢9, 10, 111, 1841, and *“ Nature,”” 30,
474, 1889), who noted that many of the dark lines of the sclar
spectrum were coincident with those that would have bwwn
produced on the assumption that atmospheric ozone absorbyed

light of these particular wave lengths emitted from the sun,
(16)
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thus exhibiting the Frauenhofer lines; which conclusions
were confirmed by Meyer (“Ann. der Physik,” IV, 12,
849, 1903).

The vivid blue colour of ozone was asserted by Hartley
to give the characteristic coloration to the summer sky, an
alternative theory to the one first propounded by Liord Ray-
leigh in 1871 (Hon. 8. W. Strutt, “ Phil. Mag.,” 11, 107, 1871)
and extended by Schiister (*“ Theory of Optics,” p. 325) and
King (** Trans. Phil. Roy. Soc.,"” A; 212, 375, 1913).

Rayleigh showed that the intensity of the light scattered
by small particles of dust in the atmosphere would vary in-
versely as the fourth power of the wave length, i.e. the light
in the ultra-violet and blue end of the spectrum being of the
shortest wave length would be most intensely scattered and
shus made visible. It may be noted that in Liord Rayleigh’s
sxperiments the sky light appeared somewhat bluer than
wnticipated by this theory, and thus indicated that absorption
>y ozone may be a contributary cause to the colour of the
:(ky. C. Fabry and H. Buisson (“C.R.,” 156, 782, 1913), as
»result of a series of experiments on the absorption coefficient
izone for light of the wave lengths A = 255 uu to 330 up,
howed that a thickness of only 25 x of ozone reduces the
ncident light intensity by over 50 per cent. For a wave
sngth of N = 300 uu the proportion of transmitted light for

thickness of 5 mm. of ozone was only 1 per cent., approxi-
1ating to the conditions of the terrestrial atmosphere exposed
> solar radiation. If uniformly distributed this would equal
‘6 c.c. or 1'4 mgm. per cubic metre; this concentration is
>mewhat high for air at low altitudes, hence it may be
cgued that with increasing a.lztitudes the ozone content rises.
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E. Kron (“Ann. der Physik,” 45, 877, 1914) recoxds A =
325 wu as the limit of the effective solar spectrum at sea-level
on the clearest days. Fabry and Buisson’s results between
the wave length A = 200 and A = 350 puu are shown in the
following graphical form :—

150

3, 100 \_

~; x

=

]

8 S0

3

s

>
LN

200 250 300 350

A pre
P, 2.

More recently Fowler and Strutt (** Proc. Roy. Soc.,”” 03,
577, 1917) showed that the Frauenhofer lines between the
wave lengths X = 3199 pp and A = 3338 wu, the ultra-violet
lines shown by Liadenburg and L.ehmann to be present in the
ozone absorption spectrum, were present in the greatest in-
tensity in the solar spectrum at low altitudes, or when the
terrestrial air stratum through which the light had to pass
was greatest, thus again supporting Hartley's conten tion that
the atmospheric ozone was an effective agent in fixing the
extension of the.solar spectrum in the ultra-violet.

Strutt (‘‘Proc. Roy. Soe.,” 114, 260, 1918) likewise showed
that the hmitation of the solar spectrum to the lower wave
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length of A = 2948 uu was due to the absorption by atmos-
pheric ozone. By long distance experiments on absorption
of the light from a cadmium spark and mercury vapour lamp,
the lower air, mass for mass, was found more transparent
than the upper air, and that if the absorption was not due to
dust, the ozone content would not exceed 0°27 mm. at normal
pressure, in four miles of air.

Engler and Wild (“Ber.,* 29, 1940, 1896) likewise con-
firmed the presence of atmospheric ozone by the action of
air on manganous chloride paper, whilst Schéne in 1897
(“ Brochure,” Moscow, 1897) obtained as maxima and mmima
the following values :—

Mazximum, 100 mg. per cubic metre.
Minimum, 10 ,, » »s

In the same year, Thierry (“ C.R.,” 124, 460, 1897) made
the important observation from experiments conducted on
Mont Blanc, that the ozone content of the atmosphere rose
with increasing altitude, thus, at 1000 metres height he ob-
tained 0039 mg., and at 3000 metres, 00094 mg. of ozone per
cubic metre of air. Similar figures were observed by H. de
Varigny (Smithsonian College, “ Proc.,” 39, 27), viz. & maxi-
mum and minimum of 003 and 0'01 mg. per cubic metre.

These observations were continued by Hatcher and Arny
¢ J. Amer. Pharm.,” 72, 9,1900), who determined the amount
of ozone in the air by two different methods, viz. the iodide
and arsenitic titration processes, as maxima and minima,
they observed the following values :—

Method of Minimum. Maoximum.
Estimation.
Todide 158 816 mg. per cubic metre.

Argenite 84 80 (13 » ” ”
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Henriet and Bonyssy (* C.R.,” 146, 977, 1908) showed that
the ozone content of the air at ground level varied approxi-
mately inversely with the carbon dioxide concentration.

Hayhurst and Pring (“J.C.8,” LXII, 868, 1910) drow
attention to the wide variation of the results Obtained by
numerous investigators, and conducted a scries of obscrva-
tions on Glossop Moor in Derbyshire. Theyshowed, utilising
Houzeau’s original method of estimating both iodine and
alkali liberated from potassium iodide solutions, & procedure
which was found to give extremely accurate results, both for
ozone and mixtures of ozone and nitrogen dioxide, that in
this neighbourhood at least, oxides of nitrogen Were always
present in the air up to an altitude of 8000 ft., and that the
quantity of ozone present, if any, was too small to be de-
tected. With an increase in the altitude small quantities of
ozone were obtained up to a height of 10 miles. Concen-
trations of the order of 012 to 04 mg. per cubic metre of
ozone, and smaller quantities of oxides of nitrogen werc ob-
tained.

H. N. Holmes (“J. Amer. Chem. Soc.,” 47, 497, 1909)
has shown that the maximum amount of ozone is formed in
moving areas of air under a high barometric pressure when
the conditions are favourable for bringing air of high altitudes
close to the earth’s surface.

It may be concluded that ozone is a normal constituent
of pure air, and that the quantity of ozone in the air increases
with the altitude. Seasonal variations in the ozone content
have likewise been obtained. Thus, Houzeau, as & result of
eight years observation with neutral and alkaline iodide test-
papers “(loc. cit.), noted that the ozone content of the atmos-
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SoURcEs OF NATURAL OZONE.

Various alternative hypotheses have been advanced to
explain the mode of formation of this small ozone concentra-
tion in atmospheric air. It is at once evident that even this
minute quantity exceeds the normal thermal equilibrium
amount, and consequently there must be a continuous source
of ozone. We may classify the various hypotheses as to this

source under three groups :—
(a) chemical; (b) photo-chemical; (c) electrical.

NaTURAL CHEMICAL PROCESSES.

The earlier investigators such as Schénbein, Houzeau,
Bérigny, Peyrou, and Marié Davy, were of the opinion that
the green vegetation of plant life was responsible for the
production of ozone, thus accounting for the observed maxi-
mum and minimum ozone content in the months of May and
November respectively. It was shown, however, that coloured
plants yielded no volatile oxidising substances whatever, and
more recent experiments have shown that the oxidising agent,
which can always be detected in green plant growth, is hy-
drogen peroxide. According to Priestly and Usher (‘‘ Proc.
Phys. Soc.,” 78, 8, 38, 1906), the plant chlorophyll serves
merely as a light sensitiser to bring about the reaction—

3H,0 + CO, + light energy = HCHO + 2H, O,,

the formaldehyde thus formed is subsequently polymerised
to formose (d.I. glucose) by the protoplasm of the cell chloro-
plast.

The hydrogen peroxide is usually destroyed by one of the
numerous enzymes, termed oxidaseé, present liberating mo-
lecular oxygen—

~
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2H,0, - 2H,0 + 0,

(see Bach and Choat, *“ Arch. d. Sei. Phys. et Nat. Geneva,"

17, 4771, 1909), but many investigators suspect that during

the decomposition of the hydrogen peroxide small quantities

of ozone may be produced.

The production of ozone by the atmospheric oxidation of
various gums and essential oils exuded by trees and plants,
such as turpentine, sandal-wood oil, or oil of lavender, has
long been suspected, and undoubtedly the rapidity with which
starch iodide slips are turned blue in a pine forest is, in some
measure, due to the ozone present in the surrounding air,
although the formation of hydrogen peroxide under these
conditions is without doubt the more iinportant natural pro-
cess contributing to the freshness of the air.

ProTo-cEEMICAL PROCESSES.

We shall have occasion to refer to the interesting fact that
oxygen is ozonised by exposure to ultra-violet irradiation of
wave length A = 120 - 180 ux whilst ozonised oxygen is re-
solved into its original form by light of somewhat longer wave
length, viz. A = 330 pp.

Hartley (“ Trans. Chem. Sdée.,” 39, 10, 111, 1881) noted
the presence of Frauenhofer lines in the visible solar spectrum
corresponding to those which would be absorbed by ozone.
These conclusions in the visible part of the spectrum were
confirmed by Meyer (“ Ann. der Physik,” IV, 12, 849, 1903)
and extended by C. Fabry and H. Buisson (“C.R.,” 156,
782, 1913) and Fowler and Strutt (“Proc. Roy. Soc.,”
03, 77, 1917) to the ultra.violet portion of the spectrum.
Furthermore, all experimental evidence indicates that the
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ozone concentration is greatest in the upper portion of the
atmosphere, where the intensity of the ultra-violet radiation
would naturally be greatest (see also K. Birkeland, “ Cairo
Soc.,” 8, 287,1916). It would appear that the presence of
ozone in atmospheric oxygen is largely due to the synthetic
operation of solar radiant energy of short wave length
(A = 120 — 180 uw), whilst the limitations in the amount in
the upper parts of the atmosphere is caused by the destructive
action of light of longer wave length (A = 300 upu), a dynamnic
equilibrium being finally established between the rate of
formation and the rate of decay. Near the earth’s surface,
as we have seen, smaller ozone concentrations are obtained,
partly owing-to the fact that the light of longer wave length
penetrates somewhat further into a dusty atmosphere than
that of short wave length, but more especially to the reducing
action of easily oxidisable substances both on the eaxrth’s
surface, and carried to low altitudes by the wind. Country
air, according to Houzeau, contains more ozone than that
around villages, whilst its presence can rarely be detected in
towns. This observer, in fact, records the disappearance of
ozone in the air after the passage of a crowd on a public féte
day, and its gradual reappearance when the normal conditions
had been re-established.

ELECTRICAL PROCESSES.

The increasing attention which during the last few years
has been paid to a study of atmospheric ionisation and electri-
fication has not only clearly demonstrated that the potential
difference between different parts of the atmosphere and be-
tween earth or water and the air may reach extremely high
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values during periods of atmospheric disturbances such as
electrical storms, but even during periods of fair weather,
local potential differences of high magnitude may result.

Evidence for the ozonisation of oxygen during periods of
intense electrical discharge, either silent as in the aurora,
natural corona, and the remarkable Andes glow occasionally
observed in 8. America (see ‘“ Knoche Meteor. Zeit.,” 29, 329,
1912), or violent as in lightning and the so-called thunderbolt
or globular discharge,is somewhat conflicting. Undoubtedly
oxides of nitrogen are present, since these can always be
detected during periods of heavy discharge, and in many cases
it appears probable that ozone is formed either without or
more probably in conjunction with the oxides of nitrogen.

Thornton (‘‘ Phil. Mag.,” 21, 630, 1911) has advanced the
view that the globular discharges themselves are purely
gascous bodies and consist of ozone in active combination.

In a subsequent chapter we shall observe that the condi-
tions for the possible ozonisation of oxygen by means of
ionisation are established when a discharged electron or a gas
ion strikes an oxygen molecule with sufficient violence so as
to permit the temporary distortion of, or the actual removal
of one of the valency electrons circulating round the oxygen
molecule from its orbit, and a rough computation of the volt-
age of discharge which is necessary to give the emitted
electron this requisite energy is but nine volts, a relatively
low figure.

The potential difference between strata of air during
periods of fine weather is frequently extremely great and quite
sufficient to produce atmospheric ionisation, with the conse-
quent possible production of ozone, thus P. Mercanton
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fornled in air during the fall of heavy drops of rain from a
PYeviowsly clear sky in hot summer weather.

C. 0Oadado (““ Gaz. Soc. Chim. Ital,”™ 45, 395, 1915) ascribes
the formation of gas ions under these conditions to the
SPOntaneous ionisation of water vapour when rarified. One
kilogr&m of moist air (773'4 litres when dry at N.T.P.)
containsg 89 x 10-2 hydrogen and hydroxyl ions at 15° C.
A1 d 760 mm. pressure; he shows that a fall in temperature
na.turally diminishes the content of water vapour in the air
but also increases the degree of ionisation below 32° C., where
it is Practically zero. The optimum temperature range for
INaximum ionisation was found to be 5° to 20° C., which, it
May be noted, is the optimum for animal and vegetable life
in the temperate zones.

X.iemnard, in a series of researches on the Electricity of
Watexrfalls (“ Ann. der Physik,” 45. 7, 100, 1914), showed that
ionisation was effected not only by the impact of suspended
drops upon obstacles such as rocks or stones, but by impact
of drops against each other resulting in the production of
secondary drops. :



CHAPTER III.

CHEMICAL PRODUCTION.

AX indication of the production of ozone can he cibrrved i
a great variety of chemical reactions such as the decanyi i
tion of certain peroxides, in processes of autoxidntics, il 50
many cases of combustion of gascous fuels. I the Iatter
case the ozone is doubtless of a purely therinal oristin el
consideration of the mechanism of production by this yenr
will be deferred to a subsequent section.

Ozone can nearly always be detected in oxygen e -nlting
from chemical decomposition. The temporary existenee of
atomic oxygen liberated accarding to the equatiarn :

M0, + H,80,~MB0, + IO + O
has not yet been definitely proved, although ther cvid e for
the formation of atomic hydrogen by siniilar procesise g is sy
extremely strong. In any case during the decomnprration of
the peroxides, the atomic oxygen polymerises with gre nt
rapidity to the molecular form:—
O+ 0—=0,.

C. Brodie (“ Phil. Trans.,” 141, 759, 1850) first acddvanced ph-
view that ordinary oxygen during processes of chemirul
action was split up into two parts termed ozone and antozone.

,‘
0, = O’ (ozon¢) + O (antozone).

As we shall have occasion to note in discussing proce-sw-sy of
(28)
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autoxidation, Brodie's hypothesis was strongly- supported by
the experimental work of Schénbein. -

g,

R. Clausius (‘“ Zeit. Phys. Chem.,”" 103, 644, 1858) sug-
gested that Brodie's so-called ““ ozone '’ and ‘“ antozone " were
identical with atomic oxygen, possessing opposite electric
charges

0, — 6 + 0.

This view was further enlarged upon by van’t Hoff
(‘“ Zeit. Phys. Chem.,” 16, 411, 1895), who, as a result of his
studies on the autoxidation of phosphorus, came to the con-
clusion that there exists a definite equilibrium in normal
gaseous oxygen between the molecular and atomic form, the
atomic being charged :—

0,==0 + 0.

Nernst (‘* Zeit. f. Elektrochem.,” 9, 891, 1903) showed, from
a series of observations on the electromotive force of ozone-
oxygen cells, that if the three allotropes of oxygen were as-
sumed to exit in equilibrium with each other under normal
conditions, according to the reversible equations:—

0,20,+0

0;,20+0,

none of the allotropes possessing an electrical charge, then
the equilibrium concentration of the atomic oxygen would be
only 1/10% of the normal ozone concentration, which we shall
see is of the order 107% per cent. The normal concentration
of atomic oxygen is, therefore, so small as to render its exist-
ence a8 a chemical substance, to which the ordinary methods
of statistical calculation of its concentration and properties in
bulk can be applied, extremely doubtful.
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Nevertheless, the formation of ozone in small quantities
may be expected to occur in the decomposition of the per-
oxides, since, on the above assumption, the following sequence
of chemical reactions may be agsumed to occur i—

(i) BaO, —BaO + O.

@ii) O + O - O,.

@) O; + O ~ O;.
‘We have already noted that reaction (ii) proceeds with great
rapidity, and that reaction (iii) is merely a side rcaction,
which will only proceed during the evolution of oxygen.
Any ozone formed may, of course, be subsequently decom-
posed by catalysis at the surface of the decomposed peroxide,
or by the somewhat elevated temperature necessary to cause
decomposition of the peroxide.

Houzeau, in fact, was able to obtain concentrations as
high as 28 gms. of ozone per cubic metre of oxygen evolved,
by gently heating small quantities of powdered barium por-
oxide in eight times its volume of concentrated sulphuric
acid. Hydrogen peroxide is likewise formed in small quwn-
tities under these conditions:—

4H,80, + 4Ba0, - (i) 4BaSO, + 4H,0 + 20,
(i) 4BaSO, + 4H,O + O, + O
(iii) 4BaSO, + 4H,0,.

The same investigator showed that similar results were
obtained with other peroxides, notably those of magnesiur,
zinc, sodium, and potassium.

Even better results can be obtained by the decomposition
and gentle dehydration of permanganic acid or potassium
dichromate,

Mn;0, - 2MnO, + O,.
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As dehydrating agent, sulphuric acid is most conveniently
employed in the proportions of one of potassium perman-
ganate to two of sulphuric acid. De la Coux (“ I’Ozone,” p.
67) states that oxalic acid can be likewise employed in the
proportion of 10 gms. of permanganate to 15 gms. of oxalic
acid, and that 90 c.c. of oxygen containing 8 mgm. of ozone
can be obtained from this mixture.

Satisfactory yields of ozone may also be obtained by the
cautious addition of barium peroxide to a solution of potas-
sium permanganate in sulphuric acid, of density 1'85.

By the thermal decomposition of the persulphates, small
quantities of ozone are likewise disengaged, Malaquin (““J.
Pharm. Chem.,” VII, 3, 329, 1911) gives the following details
for the preparation of ozonised oxygen by this means.
Twenty gms. of dry and freshly prepared ammonium persul-
phate are mixed with 15 gms. of nitric acid in a small flagk ;
the air is subsequently displaced by carbon dioxide, and the
mixture cautiously raised to 65° to 70° C. The reaction,
which is strongly exothermie, proceeds somewhat vigorously
when once started, and the resulting oxygen, after removal
of the carbon dioxide, contains 3 to 5 per cent. of ozone and
small quantities of nitrogen. '

Moissan, in his researches on the properties of fluorine,
which he isolated i)y the electrolysis of fused potassium
hydrogen fluoride, noted that appreciable quantities of ozone
were produced when a few drops of water were introduced
mfto an atmosphere of fluorine.

The formation of ozone proceeding according to the
. equation :—
3F; + 3H,;0 = 6HF + O,
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is especially marked at low temberatures, when the rate of
thermal decomposition of any ozone formed is considerably
reduced.

An ozone content of upwards of 14 per cent. in the oxy-
gen disengaged by means of this reaction may be obtained,
if the temperature be maintained at 0° C. De la Coux
(“L’Ozone,” p. 70) suggests that the preparation of strongly
ozonised oxygen, by this method, offers some hope of techni-
cal application.

Small quantities of ozone may likewise be obtained by
the thermal decomposition of other oxygen.containing salts,
but the quantity of ozone in the liberated oxygen is far
smaller than in the cases alluded to above. Thus Rammels-
berg noted that ozone may be detected in the oxygen evolved,
on heating crystallised periodic acid up to 135° C.

Periodic acid is formed by the action of iodine on an
aqueous solution of perchloric acid, and can be obtained as
crystals containilig two molecules of water. When heated
carefully, periodic anhydride is formed.

2(HIO, . 2H,0) - 1,0, + 5H,0,
which on continued heating, loses oxygen to form iodic an-
hydride :—
1,0, - L,O, + O,.

The iodic anhydride itself suffers decomposition into its ele-
ments at 300° C., consequently the liberation of ozonised
oxygen by decomposition of the crystallised periodic acid
only takes place within a somewhat narrow temperature
range. Aqueous solutions of the acid and its sodium salt

likewise gradually acquire the smell of ozone.
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0. Brunck s shown thgt commercial samples of potas-
sitm chlorate liberate ozonigeq oxygen during thermal de-
ensposition, although purifieg samples fail to yield any ozone.
The yield of azone is sensibly increased by the addition of
mungancae dioxide, thus: equal weights of manganese dioxide
nnd potassinn chlorste liberate 0-3 per cent. of the weight
af chlovate emplayed in the form of ozone. With twenty-
five titnes ns much mnnganese dioxide, over 1'5 per cent. of
the weight of chlorbe can be recovered in this form. Other
oxides, such s those of copper, iron and zine do not exhibit
this behavionr, which appears to be characteristic of man-
gnnese dioxide, althemgh slight activity is noted in the cases
of the oxides of nickel and cobalt. This is doubtless associ-
ated with the property of forming unstable peroxides, which
underga secondary decomposition, liberating atomic oxygen,
which ean secendarily react with the molecular form to pro-
duce azone.

In the thermal decomposition of many metallic peroxides
the prexsence of ozone inay be detected in the oxygen evolved,
the yield of nzone being naturally greater in the case of those
peroxides which undergo  thermal decomposition at relatively
low temperatnres, such  as silver oxide, yielding oxygen
containing 4 to 5 per cent. of ozone. Lead peroxide and
wercuric oxidear: likewise capable of yielding small quantities
of vznne,

Il the peroxide of snanganese, or cobalt, or nickelic oxide
be subjected to thermal decomposition in a current of oxygen,
appreciable quantities of ozone are stated to be formed.

All these oxide decom positions, resulting in the formation
of small quantities of ozone, 3ma,y be referred to chemical
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processes of activating atmospheric oxygen, whilst in the
case of the decomposition of chlorates and iodic anhydride
these salts may be regarded as convenient sources of oxygen.
In the case of the elements of the first group of the peri-
odic table, namely, copper, silver and gold, the sub and
normal oxides of copper, Cu,0, Cu,0, and CuO, aresomewhat
too stable, cupric oxide possessing only a small dissociation
pressure at very high temperatures. The oxides of both silver
and gold, on the other hand, dissociate much more readily,
silver oxide possessing a dissociation pressure equal to that
of atmospheric oxygen at 250° C. Silver peroxide, Agy(Xy,
readily liberates hydrogen peroxide and oxygen containing
ozone when dissolved in acids. Mercuric oxide closely ro-
sembles silver oxide in its chemical properties.
The general reactions involved may be expressed by the
following sequence of reactions : —
() 2M + O, = 2MO;

(ii) 2MO = 2M + 20;

i) 2020,;

(iv) O + O, = O,;
in which by the operation of the first two reactions the oxygen
molecule is-temporarily split up into its atoms, the necessary
energy to perform this operation being supplied by heating or

cooling the metal to form or decompose the oxide. Theo
atomic oxygen so formed may then instantaneously recor-

bine to form molecular oxygen or combme with molecular
oxygen to form ozone.

OzoNE PRODUCTION BY AUTOXIDATION.
It had long been known that many substances when ex-
posed to the air undergo a process of slow oxidation.
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Exemplifications are found amongst the most diverse
types of substances such as the corrosion or rusting of metals,
e.g. zinc, lead and iron, of certain non-metallic elements such
as sulphur and more especially phosphorus, and in many
organic substances, such as benzaldehyde, turpentine, linseed
oil and various essential oils, such as oil of cinnamon, lavender
or citronella.

It was formerly thought that these reactions were com-
parable to the ordinary processes of oxidation or combustion
except in so far as the reaction velocity was exceedingly low.
In 1858, however, C. F. Schénbein (“J. f. Prakt. Chemie,”
73, 99, 1858, et seq., to 1868) opened a new and interesting
chapter in the theory of oxidation by showing that in these
cases of slow oxidation, for every molecule of oxygen consumed
by the substance undergoing oxidation a molecule of oxygen
was simultaneously transformed to a more active state. This
activated oxygen would then secondarily react to form a
fresh series of new substances.

Thus in the presence of oxygen, ozone could be produced ;
in the presence of water as in the wet oxidation of the metals,
an amount of hydrogen peroxide was produced equivalent to
the quantity of metal oxidised. In the presence of other
oxidisable substances the active oxygen can oxidise them,
frequently bringing about oxidations which cannot be accom-
plished by ordinary atmospheric o&ygen ; thus indigo is
converted into isatin during the autoxidation of palladium
hydride or benzaldehyde.

The quantitative relationship between the production of
active oxygen and the quantity of substance undergoing the
process of slow oxidation was shown by Schénbein to hold in
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the quantity of «il remabiing to be oxidised diminishes in
amount.

It had therefore to he assumed that in the process of dry-
img, n catalyst was siinnlianconsly formed, thus if « and b be
the initind concentrations of the liuseed oil and catalyst, then
the rute of axidation of the ail after a time ¢ will be given by
the equation: -

d.r

1t W(ee )b+ 0.

Cienthe, m fact, showed by his experiinents on reaction veloeity
that there was a gqnantitative relntionship between the qnantity
of linseed ail axidised and the quantity of autocatalyst sirml-
tancously praduced.

Houzean (1860), Genthe (Joe. eit.), Haznm (* Zeit. Angew.
Chen,” 1, 312, 18HR), Kissling (“ Zeit Angew. Chen,” 4,
495, 1891) and Friend (¢ Proc. Puant and Vanssh Soe., 1914)
Wl showead thnd the autocatalyst was an unstable peroxide,
since 1t Hberated sodine fraan patassinm iodide and showed
the other reactions of a peroxide and a similer catalytic
secelerntion eatld be pradseed by the addition of ozone,
benzoyl peroxide, oxidised turpentine or ether, to the linseed
ail. It is still & matter of uncertainty a8 to the nature of
this catalytic puroxide. Houzean wis of the opinion that it
was dissolved ozone, whilst other investigators support the
theory of an unstable peroxide of linoleic acid, similar in
character to benzoyl peroxide. It appears probable that small
quantities of ozone can be isolated from turpentine, oil of
cinnamon and other essential oils, undergoing atmospheric
oxidation, but that inost of the activated oxygen is absorbed
or corbines with part of the substance to form a peroxide.
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Jorrisen amd Reicher ¢ Berl” 3o, TG, 18T " Zeit,
Angew. Chent.,” 23, 6821, sid © Cheast, Zestl,” 20, 99, 1900
showed that ozone could be formed during the reduction of
certain oxidising acids, such n4 chromwsic senl, attributed to
the intermediary forimation of nn anstalde prroxide with its
subsequent decontpositioar ;

0 0O (-
CrO, + COOH), = 0 1 Cr |
0 O ot

Relatively large quantitivs of vzone, however are produecd
in the autoxidation of phoaphorus, and m view of the cun-
veniences of this snuthod of preparation the followmyg detmle
may be given: A rapid current of nir i pussed through
bottls contnining sticks of yellaw phiosphiorus, wamtened with
a dilute sulphuric acid actdificd wolubion of potassiung per.
manganate of bichromate,  The reaction proceeds but slowly
at 8° C., whilst the vptimum tengperaturc 1 stated (o be 24° C,
Under reduced pressure the reaction still proceeds at 07 (8
As ia wull known, pure oxygen reacts bat slowly withs phos.
phorus except winder reduced preswsre A 20 prr cont iz
ture of oxygen in hydrogen is partieniarly etlicacious fur the
production of ozone, but the phusphorus i hiable to become
extremely hot, with the attendant risk of explomon. Small
quantities of hydrogen peroxide are smultaneously produced.
From time to time the stale phosphorus should be re-fused
in order {o remove the superficial layer of phosphoric acid
which causes a diminution n its activity.

‘We have already noted that the theory of Brodio, developed
by Clausius and van't Hofl, postulating tho existence of two
forms of oxygen :—
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10 (ozone),
+
%O (antozone),

was supported by Schénbein as a result of these researches.
According to this hypothesis all processes of autoxidation are
dual in characier, since two substances must simultaneously
undergo oxidation. Engler (“XKritischo Stiidien iber die
Autaxydationsvorgiinge, Braunschweig,” 1903) has attempted
to distinguish between these by terming the substance under-
going oxidation the autoxidiser, and the substance simultan~
eously oxidised the acceptor. Clearly, either the ozonic or
antozonic form of active oxygen may react with the autoxi.
discr or the acceptor to produce ‘ ozonides” or ‘‘ antozon-
ides ”; thus ozone is an " ozonide,” and phosphoric acid the
“ antozonide  produced in the autoxidation of phosphorus.
Van't Hoff (loe. cit.) noted that the presence of excess of
‘““ovonide " provented the formation of the antozonide, and
thus it necessarily followed that the primary reaction,
O, % 0 + O was reversible in character. Since the antozon-
ide, viz. phosphoric acid, is not volatile the escaping ozonic
form of active oxygon or ozone should be electrically charged.
A nsearch for this electrically charged form of oxygen in air
which has been passed over phosphorus has yielded conflicting
results, KElster and Geitel ("' Phys. Zeit.,”' 16, 821, 1890;
‘“Wied. Anun.,” 39, 457, 1903) noted that air thus treated
was electrically conducting (see also Matteuci, “ Enc. Brit.,”
VIII, 622, 1855 Naccari, “ Atti. della Scienze de Torino,”
XXV, p. 252; J. Joubert, * Thése sur la Phosphorescence
da Phosphore,” 1874; T. Evan, “ Phil. Mag.,” 5, 38, 512,
1897; J. Chappuis, “ Bull. S8oc. Chem.," 3, 85, 419, 1881).
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However, Goekel {* Phys. Zoeit 7 IV, 1903) shawe T that this
conductivity was not die to the presenes of «ome which
contld be shsarhied withont destravig: the condaetvany,

Barus (¢ Waslington,” 1900, Haons 0 Phyw Ze ™
IV, 1, 1902), and Bloch < Ann de Chesme o de Phvs [©
11, 25, 1905 likewise showed that the conductivity wan nng
due to the presence of vzonw axyyest or chiarg d vmie osygen,
but to oxides of phusphorius colleetid round charsd noeld,
forming aguregates of fairly large dimenwns (0 10 % em ),
while the actual niaber of ehisrged g sons e rvaed Tell far
short of the staichianeteis raticg vxygen sbsorhed  oxypon
activated : 1 : 1, nu postalated by the hypatheas A Blane
“CR. o5, 2, 1170, 1111 shuwed the exitence of both
positive aid negative sons, the production of which was ne.
companied by the formstion of whte fumss The praducting
of these gan ions was sccelerated by allowing the process of
oxidation to take place s un vlectne firld

K. Preibram (" Aknd. Wiwa, Wien, Ber,” a0, 247, 101
showed that the clisrge vn ench gas 1on was approximstely
6 x 10 ' K8 umits, and that 1 43 « 10 * g of phosphurus
in the form of plhosphorie aeid wan swiocited with each B8,
unit, and 13 x 10 “gw af phospheans s cach particle. A,
Blane (" C.R.," 1588, 1442, 1911 clayns to have discoavered
the existence of a rsdiation emitled duning thy antoxidation
of phosphorus like ¥ rays, extremely soft snd not corptiscular
in character. They aro camly alsorled by air ¥ Hoppa
Segler (' Zeit. Physiol. Chem.,” a, 23, 1875, and Bautann,
adopted the same hypothesin as Bchonbein, but substituted
the somewhat lexs confusing tormi of * nascent ” uxygen for
BChﬁzlpoiu'u “ozone” and aptozone . It i, however,
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evident that the case for the existence of chargoed ions of
atomic oxygen of opposite clectric sign is not strongly sup-
ported by the investigators cited above, although, as we have
ubserved, the existence of uncharged atomic oxygen is a
plansible hypothesis.

M. Traube (¢ Ber.,” 15, 663, 1882, and 1471, 1848; “ (Jes-
ainnelte Abhandhingen,” Berlin, 1899), A. Bach (“ C.R.,”
126, 2057, 1897), and (. Kngler and V. Wild (“‘Ber.,” 30,
1667, 1897), and others, on the other hand, developed the
theory of an intermediate cormpound.

Thus, nccording to Traube, the presence of wator is
nceessary for all these processes of slow combustion, & point
of view strongly supported by the researches of Mrs. Fulhame
(““An Essay on Combustion,” London, 1794), B. Baker,
H. B. Dixon (“ Phil. Trans.,” 175, 630, 815, 4795, 1896), and
H. K. Armstrong (B.A. Roports, ©“ Proc. Roy. Soc.,” 40, 987,
1886) ; the primary reaction taking place is the formation of
an oxide and bydrogen peroxido according to the equation :—

M+ O, + H,0 = MO + 1,0,

'The formation of Schinbein's ozonides must thus be con-
sidered as duc to secondary reactions betwoen the hydrogen
peroxide aud the acceptor, in some cases exceedingly improb-
able reactions. Thus, it is difficult to imagine the formation
of ozone by the action of oxygen in a dilute solution of hy-
drogen peroxide according to the following equations :—

Pg + O’ + H,O - Pg() + H’Og
I‘I‘()’ + O’ - }I‘() + 03,

although it is stated that by the distillation of strong solutions
of hydrogen peroxide in vacuo ozone can be obtained.
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Bach's modification of the hypothesis eisbodiced the con.
ception of the formativn of an unstable interincdiary o roxide
prior to decomposition nito an oxide with sunultancous oxi.
dation of the aceeptor thus - -

O
Mo “4“7':“ ‘
T
0
M 4 A= MO AD
()

Engler and Wild (" Ber,” 3o, 16649, 1897), and Ostwald
(" Zoit. Phys. Chesn.” 3o, 250, 1H) applied Bach's coneep-
tion of the mochanism of processes of autoxydation to the
caxe under conmiduration, se. the formation of ozone by the
sutoxidation of phosphorus.

Fngler and Wild suggested the following sequence of

reactions :
Ny O P -0
2 Oy = By
“f)
9]
l’,( + ", - ‘,‘(’ ] (",
)

whilst Ostwald saggestod that s atil lgher oxidation form
of phoaphorus was produced as sn unstable intermediate
product : -
prY
2P+ 20, | Qo0
4 o 2 £ 1

lt/s

hY

"0
thus giving the stoichiometric ratio, I: 0, ::2:1 which was
sctually obtained by van't Hoff,
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The fundamental difficulty inherent in the peroxide theory
was raised many years ago in a remarkable essay by G. Live.
ing (“ Chemical Equilibrium, the Result of the Dissipation
of Energy,” Cambridge, 1885). It is evident that the per-
oxide formed must be endowed with available energy
greater than that possessed by atmospheric oxygen, and it is
thus difficult to explain its formation as the result of an exo-
thermic reaction from phosphorus and air. It is usually
assumed that the chemical energy of one system is not avail-
able for another totally different system, i.e. that the energy
liberated during the oxidation of phosphorus is dissipated
through the system in the form of heat. ILiveing introduced
the interesting hypothesis, that in certain cases, the liberated
energy was not dissipated in this form, but stored up in one,
or at least a very few, neighbouring molecules, which would
thus be endowed with a great deal of energy. Thus we can
imagine a simple transfer of energy from one set of reacting
molecules to another set, molecule to molecule, and thus ex-
plain the simultaneous equivalent formation of an endo-
thermic compound, during a strongly exothermic reaction.



CHAPTER TV,
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Sinen the formmbon «f ozoree g siongly cndedhiope ro-
netion, wo wonld expeet, o ponted ont by Nerd ¢ Zeit,
Tlektrochem. " @, 893, 140080, thar the vqumblasuin

A0, 15 00,

Rt
would shift over froas et trsght with s lesatoa of the ten.
pornture.  An spproxustate solog of the wzane concentmtion
in eqguilibrinne, with asygen at varias tenperatures, can bo
obtanied by twa imdependent methods, from a caleulativn of
the valir of K, the eqaihimum copntant by tonns of the
Nernat hent thearens, s well gu [roan the obwerved s aaure.
ments of the cleetromative foree of the reone oxvpen eell
Aceordmy to the Nomst Beat theorem (0 Appdications of
Thermodynnmies to Chesaptrs ) Sillpan Loevtures, 1300),
Grimetsen (* Ann. Phys " 26, 401, 108, Pollinzer U Berech.
nung Chemischer Affimtalen nach deiy Nornsteben Warme-
theoram. Alwenn Samnlung  Facke,” 19120 o sunple ox-
prossion for the squbbrsn cutstant K n homogeneous gas,
resctions ean be obtmned an terms of knows quantities,
provided two hasic assminptions are wsde, firetly, that the
entropy of a condensed chosmieally homogeneons system
vanishes at the absolute zero, and secandly, that the specific
molecular heat of & gan can b approximately evsluated

from a simple expression
(4
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C, = 35 + 28T,
where C, is the molecular specific heat and 8 a constant.
Making these two assunaptions (and much experimental ovi-
dence has been adduced to prove the validity of the Nernst
heat theorem), it is casily shown (luc. ¢it.) that the equilibrium
constant can be obtained from the following equation :—
+ 175 Zvlog T - 2w AT + 3vC,

45717 4571

where Q is the heat of reaction,

lag K =

and v+ vh o= ove + vd
v s v, + oy, - v - Uy
Vu W, ¥,, v, boing the number of molecules of such spocies,
a, boe, d, reacting, C,, G, C,, C, being the so-called chomical
constauts of cach element or compound reacting,
G, - 3hy
b A
applying this equation to the case under consideration, viz.:—
20, = 80, + 68,000 calories.
v m (2] - [8] = - L
Svewa (2% 3) - (8 x 28) = ~ 24,
Information as to the specific heat of ozone is at present not
available, but with Pollitzer, we may.assume that its value is
not very differont from that of the other triatomic gasoes, such
a8 sulphur dioxide, which has a molecular specific heat of
105, theu

and 8=

- (3 x T2+ (2 x 106) + 35 _ .
zyﬁ~ ot 2)‘80‘0 0005.
Hence

log K, = - joo00: - 1751og T + 00T - 24,
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If = be the fraction of oxygen converted into ozone at equi-

librium, then since :—

p203 xZ
K, = 20, " 7
when z is small, and p is the total gas pressure,
32,000 . , .
log z = - TE5T - 0-875 log T + 00005T - 12 + % log p,

from this equation the values of , and thus the percentage
of ozone present in oxygen at equilibrium at various tempera-
tures, can be calculated thus:—

T° centigrade. 1;03931 P = 10,000 atmospheres.
1000° 10-8 10—
2000° 10-¢ 10-3
3000° 10-3 1041

It will be noted that increase.of pressure greatly favours high
equilibrium amounts of ozone.

Somewhat higher values for the equilibrium amounts at
various temperatures are arrived at by means of evaluating
the magnitude of the potential difference between the ozone
and oxygen electrode (see p. 63).

The potential difference between two platinum electrodes
immersed in the same electrolyte, one saturated with oxygen
under a pressure m, and the other with ozone at the same
temperature and pressure m, is given by the equation :—

RT log ™.
2F 8

where V, represents the value observed of the potential differ-

V=V, -

ence O,/O,, at one atmosphere, under conditions of reversi-
bility.
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4N . 1 o M
I'here exists considerable uncertainty as to the values of

V. thus Luther and Tnglis (¢ Zeit, Phys. Chem.,” 43, 203,
1903) ahitained the value V, = — o736 volts ; Nernst (“ Zeit.

Flektrochem.,” o, 891, 1903), V, = - 0'57; Fischer and
Branner (“ Brr," 39, 3631, 1906) - 064, and - 046 volts.

Calenlation from the value of K obtained by the Nernst
heat theoremn as follows, yields the value - 083 volts :—

, 68,000
]OL.' I\;» o 4.571'11 - 175 10 T + 04050$E - 24,
o o 273 x 4571 34,000
i P 4 x 23,046 QI: 4 5T + 0'875 log T

- 000051 + 1-2)] = — 083 volts.

It iv evident that if the pressures of oxygen and ozone are
#0 adjusted that the cell shall have zero E.M.F., this will
represent the equilibrium conditions between oxygen and
ozone.

RT T
or V,, = 2—@— log ;1’
or o m - é
) g 77'1 T’
where A i a constant = g%—‘v—

'ho values of the percentage of ozone in equilibrium with
oxygen under one atmosphere pressure at various tempera-
tures, as caleulated from the above equation for the two
extreme values of V,, ie. V, = — 083 volts and V,= - 046
volts, are given in the following columns :—
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Derecutoyr of Fymalsbrino Feptaish van
Ozour, Tewiperatuee, Wemy erure,
i, (N3 et 1, ({10t
0. . . . . Kt} . . . . tion”
1 . . . . . A . ’ . AR
oy, . . . . it N . . . R § LY
[431) N, . . . . 1m . . . . T
0004 ., . . . . 3 6 . . . Lo

I4 will be sgoted that i this enlenlatim the ehange in
specific heats of the gases with alty ratien i the tempserature
have been weglected, easequently the vaduen are produddy
somewlat too high, and in view of the wide digeeepanens
between the two valsiesast expesimental redetermination of the
oxygen azone clectramotive furee wanld be viery dearalde

IFrom the foregoang considerations we ngast eegielade tha
the quantity of azane noepnibibrinm with stneegdieric osypen
at normal tenperature snd pressgres 1s swenrcely dets etabile,
and that if peesent in mewaralde caqreentratioass ander theee
conditions true cyuilidwinny does mwd s Fartlsr ap.
preciable quantitics af ozene may le formed ot high tempera.
tures and sheatld Le enpabila of detection and estimation,

The estimation of ozosge i gases whiell have leen beabid
up to a high tempesatnre, is sonn what diffienlt owing to the
fact that ozone rapidly undergoes deesnposation o ats
equilibrivm conecntration dunny the eaalimg of the ga ix.
ture. Dewar (* Year Back 1L g89, 1887) inferrad that
ozone had two centres of stabishty, cae shbrave the melting. point
of platinum and the other at ordinary tessperatires, whilst
between these temmperatures ozone is decorposed.  Chapiun
and Jones ("Trans. Chem. Roe.,” 97, 2463, 1914, and gy,
1811, 1911 showed that ut 100 C. nearly 70 per cent. of
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the ozame in excess of the almost undetectable equilibrium
amonnt 14 destrayed in hulf an hour, winlst at 300° C. it i
practically in tantancans.

The explauation of these obscrvations of Dewar is that
the veloesty of decampusition of ozone from high tenperatures
dewn to 100 Clin extremely rpid, whilst below 1007 €. the
velaeity of deccanposition becoines markedly slower and the
ozont ayqaars ta be stalde on sceonnt of the extremely law
veloaity of decomponsition, the equilibrium being “ frozen .

The earlier experiments of Hehonbein (Fngler, © Hist,
Kritic 8tudien siber Ozen,” Halle, 1879), Bottger (*“ Ann. der.
Chem,™ 128, 44, 186G1), Pineus (' Pogg. Ann.,” 144, 480, 1871),
Btruve (* dnhresher. £, Chem,” 199, 1870), und Traube (“ Ber.,”
18, 194, 1899), all indicated that small quantities of ozone
were formed doring the combustion of hydrogen. Similar
resilts were olitained by the combustion of coal gas, notably
hy Than (“Jour. . Prakt. Chem.’”’ 2, 1415, 1870), Loew
(* Zeit. I Chem,” 65, 1870), Hosvay (‘* Bull. Hoe. Chem.,” 3,
2, 360, 1881, whilst Zenghilis demonstrated the presence of
vzone (* Zeit. Phys. Chom,” 46, 1903) in the oxygen which
had beent raised to a high temperature by the combustion of
wlutninium powder.

Contemporary with these investigations, others were
carried out on the synthesis of ozone by inerely heating air
or oxygen by means of an indepondent source of heat, as the
objection may be raised to the former experitnents that the
ozone may have been formed by chemical activity (sve Ch, IIT).

As catalytic agent hot platinum or silver was generally
employed, notably by V. der Willigen (““Pogg. Ann.’ ¢8,
611, 1831), Meissner (¢ NeuadUntersuchungen itber Elekt.



50 70N

Saucrstoff,” Gottingen, 1660, Leroux  CLIL 50, 841, T,
Troost and Hantefemwile [ COL,77 84, U0 10T, Helaledtz
¢ Wied. Aun.,” 33, 18, I887), and Elster nnd (o ited 7 Wi,
Aun.,” 39, 912, 1890). Troost sand Hautefomdle Aor 00
dutected the prasenee of ozone m usyeon whieh tou] heey
heated up to only 1400 €. Theosyzon wa heaed o o age
throngh a porcehuin tulw pintained at THO0 € o erder t
effcet the rapid cooling of the gas u wktep eondesd alver tule
passed nlong the axis of the poreclubitube, Sapde nd sy
were drawn from  the ansular spnee between the poreddain
and the silver tubis hy aspirstion throngh o sall sde tohe
which passed into the silver tnbe itwelf.

J. Clements, at Nernst's instigation in 1901 0 Ann Phya”
14, 334, L904), reviewed the whale aulgect and cane to the
conclusion that many of the previsns obacevers had ne daken
oxides of nitrogen or hydrogen peroside fur wzame. By the
use of Arnold and Mentzels tetramethyl basae puper ¢ Ber”
35 L334, and 2902, 1), which s dmgno tie for ozonie,
Clements showrd that ozone could Le deterted s the hat
goses from & Bunsen burner, but only in very soall quantites,
(Tetramethyt base papir i stated to be senvitive ta O G0O1 per
cent. ozone.)

By the passage of ozonised air eontainmg 1 ey cont, of
ozone over & glowing Nernst filament mamtained at 1000 O,
at various speeds up to HD cus. per second, Le showed that
the rate of decomposition of ozone was cxtremely rajad, |
per cent. O, sinking to 0UOL per cont. in OU0T seconds.

In passing air over a Nernst glower even when heated up
to 3000° C.; only oxides of nitrogen were obtmned, a result
which was confitmed by Hossi ¢* Gaz. Chim, 1tal.," 38, 1, 89,
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[905).  Clements, bawever, confirmed the formation of ozone
by spark discharge, and Brode (¢ Zeit. f. Klektrochem.,”
1, 754, 1900) abserved the formation of ozone i the high
voltuge are at JOOH ¢ Ozeme formation in these latter
ensed sy, hoawever, be attrilmted to the netion of ultra-
vieded ligld (ee po 7h ar electsieal ionisation, nnd not to the
result of the estehlishient of o purely thermal cequilibriuns.

Fischer and his cowarkers Branuer (' Ber.,”* 390, 940,
1906, Mars (* Bor,” 30, 03, 1406, g0, 4433, 1907), and Woll
(““ Bor,,"” 44, 2956, 1911) reslised from 1'roost and Hautofouille
and Clements’ experiiients that rapid cooling was ossential to
preserve any ozone which niight be formed, from secondary
thermal decompogition, during the process of cooling” to the
puint where the ronction of decomposition was nogligibly
sinall.  T'hey showed by w series of iuteresting researches
that vzone could be formed by thermal methods provided
that tho right conditions were obtained.

It was shown thnt ozane could be produced by plunging
8 jet of burning hydrogen or acotylene into lignid aix, the
ozene foraed by the local heating being thus preserved by
rapid cooling.

When ligimid oxygen was substituted for liquid sair, large
qnantities of ozone were formed and the liquid rapidly be-
came dark blue in colonr, similar to smmoniacal solutions of
copper salts. When an electricully heated platinised wire
was immersed in liquid oxygon, practically no ozone was
formed. This somewhat unexpected result was shown to be
due to the fact that the platinum wire in tho liquid oxygen
underwent dispersion into colloidal particles which catalytic-
slly accelerated the decomposition of the ozone. A bright
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platinum wire, pratected from dispersioas by ecatins of the
oxides of zircontmn and yibamin, mve nomaforin viecld of
ozone. Using a glowing Nernt filunent e bpod auy and
OXYLON, GAONGE wis peadieed anld no exidesof sty o, The
yield of ozone rose stesdily with merean i tongenture, the
mmxitmuin epuhbing ameant bemy T pereont Ty weapht
ab an approxinate temperstnre of 2200004 fire whoek
bears a strikingly eleee agreoment to that obtaine d b oddeuln.
tion from the clectrondtise faree of thee axaen caope el
Taking V. ~ - 04 valte, tin coarpc jonda taarn e puabibamm
amount of 15 per eent. by weipht at 204 ¢,

Utilising an are s bgnid aieon mastore of ozone sud mitn)-
gen peroxide was obtained whieh froquently exploded when
attempts were nmde toos parate the ronpdunl oxypen

(IO, 120 €. 0, 18T

The maximum yield of czone olitained by monn of a
glowing Nernst filainent in hgmid oxygen was i g an
twenty-five minutes with a current consiuuption of 025
snperes st 100 valts equad teoa vy bd of 30 penne ol wsone
per kilowatt hour.

Fischer having thus deinanstrated the thermal production
of ozone with the aid of hquid wr, procecded 1o extend
Clements' expernnents on the production of azone by pussing
air at & high flow rate over a glowing Nernst filsment. We
have alrcady noted that Clomenta was not able to detect the
thermal synthesis of ozone with sir-flows of hnear speeds,
up to 80 cms. per wecond. Ficher and Marx, using innch
higher velocities, showoed that ozone was formed under thuse
conditions and obiained a series of intercsting results by
studying the conditions of oxidstion,
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‘When dry air is passed over a glowing Nernst filament
two endothermic compounds may be formed, viz. nitric oxide
and ozone. If moist air be employed the presence of hydro-
gen peroxide may likewise be demonstrated. The thermal
equilibrium concentrations of nitric oxide, formed according
to the reaction

N, + O, 22 2NO,
have been obtained by Nernst (‘“ Géttingen, Nachricht.,”
p- 261, 1904) and Jellinek and Finck (*“ Zeit. Anorg. Chem.,”

49, 212, 224, 1906) and are given in the following table . —

Temperature. .Per Cent. Concoentration
°C. of NO im Air.
1811 . . . . . . . . 0385
2033 . . . . . . . . 067
2580 . . . . . . . . 202
2675 . . . . . . . . 285
8200 . . . . . . . . 50

Jellinek (Joc. ¢rt.) likewise calculated the rate of decomposition ‘
of nitric oxide to its equilibrium value at various temperatures.
Nitric oxide in this respect is markedly different from ozone
gince it is relatively much more stable at high temperatures;
the times for the decomposition of half a given volume of NO
to nitrogen and oxygen at atmospheric pressure are as

follows : —
Te'm%wmture. Time in Minutes to Bffect
C. 50 Per Cent. Decomposition.
900 . . . . . . . 785 x 10®
1100 . . . . . . . 5:80 x 102
1800 . . . . . . . 4+43 x 10

Similar calculations can be made for hydrogen peroxide. We
should therefore expect that with relatively low velocities of
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air-flow over the pghoesinge filuuweny, o’y and of wriwnn
should lie oldined : with hodor oo eaitee gt odaaone
and nitric axide, el with vy Lashs ) v o anly coonse,
siees the radee of forvetser ol iatee « o B oWy L 01 e of
decompusition is v ldv i tdenthad o opae A wd e
observed fram the fodlvangs frase adamized Ja Ty elier s
Marx, this theeaetieg] deductpar 1 nupoy vontaned by «ox.

perinient :

Flaw flabe in I A T L
M-'Iu'a]«'r YR vty ose s
P . . . L M
fu{ . . AP
s . . L Pt Ny
et v3 o4 tey o e

r” . . . . N

At flow rates pxeecdimy 50 e qer o el e ovdyoof
nitrogen could b dteetod sn the s but cr o was always
present. The yeld of cpine wa o mthue nesd otle by the
temperature of the clowane Obwent o well wn o the
linear veloeity of the pas flosw, an hemn i the apgended
tableg o

Tempralurs of . . Heo o1 fev L fo v £F Molers
Neemad Cloasor “";’:" 1: : ol Cons sboam e o Come AL
m, e [ Lot &, My |
1474 LR ET7g] 08, 6og
L] [T (TR T [T/
S g [$2 135 T [ERYSS I 0 )
1712 [EIITN iy, < ) Uy
[ L7 7] P LI Gergie. F R R
Tueg [(RIFTY L AR 11
MG [ 201 [ER IO 1w
4
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Weight f1er Cent.

Velarity of dir O in Gms. O,
L Modteeo frer See. — Fer Kw. Lr.

Aie. | Orygrn.

al I80O° ¢,
Rs) 001t 0019 0-20
[} 010 0082 085
&7 0021 0-091 115
4 0019 0-080 1-28
KE) 0012 0052 107

<

In the presencr of water vapour, the yields of ozone are
cousslerably lower, and hydrogen peroxide is formed. The
influence of the water vapour was likowise investigated by
Iischer with the following results - -

Weter Vegprany Wt Fer Caud. Wt. Per Qent.
Froesaurs o of O H.0, in
., Hy. 10 Litres.
O . . . . 0-021% . . . . e
Oy . . . 0-0176 . . . . -
50 . . . . 000206 . . . . -
Wy . . . . 000136 . . . . 0011
M1 . . . . 000105 . . . . 0081
e . . . . 000076 . . . . 0074

According to this investigator, the function of the water
vapour when present in but small quantitios is purely cata-
lytic in depressing the yield of ozone by accelerating the
normal decomposition according to the equation—

20, - 30,.
When present in large quantities a reversible equilibrium
obtains as follows :—

0, + H,0, 2 1,0 + O, + 20.
Nernst (loc. cit.) has calculated that the ratio of the equili-
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brium eoncontrations «f (), and O {ormed aceordine to the
reversilile equations

(720, 1 0,

0,720 4 0,
is a8 10% {0 1 or atomic oxygen i= prewent moahnast vanish-
ingly small concentrations ; conwergientlyn the alewe priaetson
the yicld of ozone and of hydrogon peroadde s extremely
small.  Fincher was thus abile to prepare ozone, satrie axide,
or hydrogen peroxide, nll endethorsne conpeaands, Troan air
and water vapour at will by controlling the canditicnys 2o na
to take advantuge of the different rates of formstion wd

decom position of theu: mubimtanees at definite temperatores.



CITAPTER V.
THE BLECTROLYTIO PREPARATION OF OZONE.

As enrly as 1801 Cruickshank drew attontion to the fact that
clectrolytic oxygen, generated by the clectrolysis of dilute
sulphuric acid at insoluble anodes, frequently contained
ozone, .

Sehanbein (* Ann. hys. Chem.,” so, 616, 1840) showed
that the optimum yield of ozone was obtained when the sul-
phurie uecid electrolyte contained 235 to 269 per cont. of
sulphuric acid ; solutions of phosphoric acid when submitted
to electrolysis likewise yiolded small quantitics of ozone in

the anodic oxygen.

De Marignae (‘' C.R.,” 20, 808, 1845) appears to be the
first to point onut the necessity of using cool electrolytes for
the production of ozone; similar observations were made by
Williamson (' Mem. Chem. Boc,” 3, 395, 1845), H. Mei-
dinger (** Ann.,” 88, 57, 1853), and Baumert (* Phil. Mag.,"”
4, b, 51, 185%).

The next advance to be recorded was the observation of
H. Meidinger (“* J.C.8.." 7. 151, 1854) that small anodes
were essential for the economic production of ozone. With
the aid of an electrode only 20 mm. long by 05 mm. wide, in
a sulphuric acid electrolyte of demsity 1'9, he obtained 0'8
per cent. ozone in the anodic oxygen.

floret (“Pogg. Ann.," 9:2375304, 1854), showed that the
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quantity of azene Bleratydin the oxyeron wastdet srained by
various factars,  Ad eloetrode matenal, bl pdatinum,
gold ar patinmn ividiny were famd i tomtalde, wnee
other cleetrade nmtornaly, such s calver, Blsele phnimom,
or oxide anoden, sueh acs load, iran or nmngate @, exert a very
considerable netsvaty in the eatnlynie deeongueation of any
azone which wisht lee formed as the «urfae

The temperature of the sulpdoirse weid dectradas boased also
of the anode itsell pdays an ppertawt part o obtumng
relntively large yields of veane, SBoret oe oot voldmned the
following ozone caneentratn g, wheon nang constant earrents
and electrolyte compreation :

Lemprrature, oo U gay
t e M.,

.7 S . |

R . [}

LT3 P8 . . o

Deldn Coux (0 L'Ozene,” g, 705 snves the falleavinge valn for
the vohune pereentage of ozone bevated i e vaypon at

different temperatures
Fleatrolyte H SO, 01000105

Temproature, 1 Twewe Peot g
wof 12 sp,
HOYI . . 1KY
I A SR . . . 1
Tew nand salt frovsng nusture | . 3

Andrews (" Phil. Trans oo, 183, ntilssing 28] per
cent. sulphuric acid ax cleetealyte and o buneh of platinms
wires as anode, kept cool during eleetrodyms by stamersion of
the coll in ice water, obtmined 085 per cant vzone. Selisne
(" Ber,” 6, 1274, I873) claimed the production of 324 to
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8G per cent. azone, and Carius (“ Ber," 174, 1, 1874), 3:44
per ¢ent. of ozane by similar 1eans.

Berthelot in 1878 (* C.R.,” 86, 74, 1878) obscrved the
forination both of ozone and hydrogen peroxide in sulphuric
and other clectrolytes and that high anodic current densities
were essential for the prodnction of ozone. The conception
of anadic current density as distinct from the utilisation of
small anodes marked a fundasnental advance in the electro-
lytie synthesis of azone.

Parsulpharic acid (11,8,0,) is simultaneously produced
when very concentrated clectrolytes are employed.

The investigations of Berthelot were continued by
Richarz (* Wiedemann Annalen.,” 24, 183, 1885; 31, 912,
18R7), who determined the yields of ozone, persulphuric acid

and hydrogen peroxide respoctively with various cnrrent
densities and varying sulphuric acid concentrations at 0° C.

It will be noted from the following tables that Richarz con-
finned the previous observer's results as to the necossity of
high anade current densities and relatively concentrated
clectrolytes @ —

Calerdated Valumes

wf (), Inberated Yield of Oxygen in Lhe Form of :
dursng o I fiate L

Tyme. Oume. Persulphuric 4cid.

Lidres, I itres. Alres.

1A S . . . - . . . . 008

871 . . . . . . . . 040

L A T

17-12 . . . .0 . . . . BR08

300 . A ¢ § T .. . 1626

454 . . . .0 . ., . . 2470

enT . . . o681 . . . . 8900

@0 . . . .11 o e .. 4560
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Mebead (" Traars, Chenr B 7 g4, 38 Pl candaeted o
very thorosgh investigation into the eloeteals e proparation
of azonu, he showed the bapeetanee of the vanon, factors,
viz. acid density, temsperature of the sedution and earrent
dersity Lo which attentim had boen driwn by previons
investigntors,

From the following ficures the extraordinary good yiclds

obtained by Mebiend are evelent -

Ier § vny?, . '
Electyude Materpd, ,‘":“:l" f {15 aur by '{ urrynd ’{m“’.’ ¢
Ay Vol Jongee, yov lop {'m,
G plitaoas wirex (I ey 1 i i
1t bang hy O 0! ¢ mm 1 1w A
dinmetsr . 1y h 24
8 pdating wired . I 19 A
6 anm. bag Wy Q0D i, {
duineter . . . e ] ar &

The influenee of the acid density on the production of
available oxygen in the vleetrolyte in the form of persulphuric
acid and hydrogen peroxide was hkewine investizated, the

optinum production oceurring with an acid  denwmity  of
specific gravity 120 with & current density of 50 smps. por
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8q. cm. 88 is evident frons the following figures taken from
MecLeod’s data : —

Currend Den oy Mals, actine (),

A 87, Acird Denaity. ey 100 Mals. If,
rrolued,
X S R . 1R,
R T S P21
B . . . . Wb .. .. s
. . .. o1wm ... . m
S0 . . . .o1es .. .. my

With the introdaction of the ionic theory by Arrhenius
and van't Hoff in 1887 a more systematic investigation of the
anodic reactions taking place during the clectrolysis of dilute
sulphnric acid was commencad.

It was shown that if the potential difference between two
platinum eleetrodes s dilute sulphuric acid be gradually
raised and the current intensity be plotted againgt the ap-
plied electromotive force n series of breaks occurs, which
breaks, on tha ionic theory, correspond to different anodic
ionic discharges, the discharge of hydrogen being the only
eathodic reaction.  Careful investigation has shown that the
ionic discharges associated with each break in sulphuric acid
and electrolyto aro as follows :—

P o Anodic Discharge.
O

1T . . . . . ... 20H'=0,+ HO
196 . . . . . . . . BOS > TILEBO + O,
BHO . . . . . . . . HSD; —>(HS0,),
248 . . . . . . . . 8BOM — O,

In 1889 Nernst, by the introduction of the conception of
electrode solution pressure, pointed out the mothod of deter-
mining the influence of the anode potential on the discharge
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of anions without hwving to toke msta weecnnt any eathodic
reactions.

I o platinnm eleetrode be saturded with exygeon under a
definite pressure at a tempesature of 'Fand msuersed in g
sulphinrie acid clectralyte, normmd in re pert teots hydsion
coneentrntion, cleetrieal erpuhleman will fiswlly o arrved nt
between the oxyiten nudeenles, nteaus and 1w in the elees
trade and  clectradyte, the dectrade boecaunge peeatively
charged relatively too the solstiea by the discharge of psega-
tively ehinrged oxyuen ionn,

Ve

— i)

R et

and a condition of equihibrogng will oltnm when the potential
difference between soluticn and clectrade ecanmes anthicintly
great to prevent the disehrge of uny mare segative pas,

IV be the clectondecleetrolyte patental difio nenee,
w0y nnd w07 the moleeular ehenienl patentinkys of the nxygen
gas in the electrode and of axypen wons i the sedntion, then
if we imngine the transfer of n quantity of electrienty & from
clactrode to solution, the electrieal work will be equal to
= Vée, the change in molenlnr chewiesd potentinl prer mal.
will be 20O, 220", thercfore, the work done car the transfer
of this quantity of ¢loctricity is equal to

Uf.’.p,(); coul Be
-t

where e is the charge associnted with one gram on of s
monovalent element.



THE ELECTHOLYTIC PREPARATION OV OZONE 63
If the conditions of reversible cquilibrium obtain, then

0" = 1/2u0),
Vae = P02 Wop g
J-de
Now pOy PO, 4+ R log 70 for a dilute solution, where
¢ s imdependent of the concentmtions, it being mercly a
funetien af the temperntire,

sitmlarly pO7 THO” 4+ R Tag COT).
" I ¢
20, 4
- .,,{(tb. 12600} + R log \/m,}
Q¢

V. + R o ¢ '

de STy
Purther, since in aqueous solutions

O+ 2ull s wf,0,
RT 1
v V.+ e log CHL ()

which gives s expression for the variation of tho oxygen
clectrade potential, with alferation in the hydrion concentra-
tion uf the solntion and the pressure of the oxygen ges.

The value of V., is approximmtcly ~ 1435 volts, whence
the value of the cathode potential for a hydrogen olectrode in
normal hydrion solution under a pressure of one atmosphere
i -+ DO8 =~ 135 w - 027 volts.

I an oxygen clectrode be set up against an ozone elec-
trode, the diffcrence in potential between the two electrodes
can be culeulated in a similar manner and found equal to :—
RT log 70,.

e rQy
Luther and Inglis (* Zcit. { Physik. Chem.,” 43, 203, 1908)
first attempted to oblain an approximate value for V. by

V) +
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measurement of the potentind ditference hetwern un oxypen
and an ozone charged platinum electrode immer-ed in dilute
snlphurie or nitric aeid.  They abtaimed the vabie:- -
Voo < 00 TEER volts,

We huvee noted that approxinmtely the  smine sabueg viz,
-« 083 vadbs, enn e oltained by ealeslatioar from tee Nernst
heat thearem.  Sulsequent inveadipetars huve fonud eons
giderably lower values : Nernst 0 Zeile Elektrochem. o, BY,
1903 obtained the value Vo« 057, and  Fireher ond
Prrauner (* Ber,” 34, 3631, 1900) the valuen 068t 0746
volts. It woull appear from the cxperimionts of theee Jutter
observers on the thermal equibbrinn, that the lower value,
viz. = 0°50 volts is probably more correet. It e ponsible
that the higher valoes obtained by the earbier expenmsnters
were ocensioned by the pregence of oxegone O in the azape
round the clectrode, and a raanvestipgation of th ceetrodic
reaction is elearly cisinently desirable,

Trom the above caleulation 3t is cvident thad an extremely
high anode potentind is required ta remose the formatson of
ozone, whilst, in order to enwane its atalality when produced,
both clectrade and cleetrolyte must be kept coll Fiecher,
Massenez, nnd Bendixsohn (* Zeit. Anorg. Chen,” 83, 204,
1907 ; 11, 229, 1807 ; 63, 13, 153, 1905, realising thewe ins-
portant factors, improved upon Mebwod's pesnlts by ndopting
the artifice of wator-cooled clectrodes, in addition to the sup-
plementsary cooling of the electrolybe,

In their earlier experimentys, s sinall pdatinum tube 6 mm.
long was scaled to two terminal glass tubes and werved as
anode; the tube itself waw covered with glaes with only
thin strip, 04 mom. wide, sxpused to the electrolyte.
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Cold water was circulated through this anode, and the
electrolyte was kept cool by immersion in ice water.

Utilising an anodic current density of 58 amperes per sq.
cm.,, and a sulphuric acid concentration of density 1-075 to
1-10, a yield of 17 per cent. ozone by weight (11'3 per cent.
by volume) was obtained in the anodic oxygen.

A glass-covered, rhomboidal, platinum tube was then
substituted for the cylindrical one, and one edge, 0’1 mm. in
width, was exposed by grinding away the glass. The length
of the tube was 11'5 mm., and it was maintained at - 14° C.
by circulation of a solution of cold calcium chloride. A yield
of 28 per cent. ozone by weight (19 per cent. by volume) was
thus obtained. By embedding platinum foil in glass, and
exposing one edge only, 001 mm. wide, to the electrolyte,
slightly lower yields were obtained, viz. 23 per cent. of ozone
by weight.

In confirmation of McLeod’s results, the optimum
concentration of sulphuric acid lay between = 1-075 and
1'10.

They noted that the quantity of ozone produced per kw.
hr. rose steadily with continued use of the platinum, which
became quite bright and burnished by the gas evolution in
course of time.

A yield of 7°1 gms. per kw. hr. was obtained at a potential
difference of 7°5 volts, and an anodic current density of 80
amperes per sq. cm. If we calculated the theoretical pro-
duction of oz6bne per kw. hr. from its heat of formation, i.e.
34,000 calories, the yield of 7'1 gms. per kw. hr. indicates an

71 ]
1900 = 06 per cent.
5

electrical efficiency of only
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I, Fischer ssmimed that the posmas dr b of + e

ocenrs neecrdimy to thie cquntien
S TF I ¢ IR

which azone 1 partly deeranpaad by the s tie wten of
the anode surfuce

Other, Wt lonn officderars sntheed Lo Toon oo matid
from tise to tiue S g e snede dy dorgs podontial,
and thus werensing the yicld of s B novar sl Gard-
ner atdiscd noaturated sedution of potas um je rinan, wate
in from 5 ta 10 per eont of sulplaes acud, ad ebtamd
rolativily toph concentritions «d ozcan | chiaun vl enn
hikewse he substitated for the ponaigant

8t. Fabne adopted the ronwwhnt angenen me thead of
obtmmnmg w high anode current dvomity, b ouplag
moistened erystals of phosphiorie acd, or canstie potad or
sodn, u8 the clectrolyte

In this way, the clectrolyte was given santheas ut eundue.
tivity for passage of the eatrent, yot ot the wape tume ouly
point contact between the mowtened crvatale and the anade
was ensured

Archibald and vorr Wartenberg ¢ Zoit Bl ktrochem ' 17,
812, 1911) pomnted ont thut the low yields of czone secomn-
panyiug the eleetrolytie decompostion of dilute snlplure
acid woere probinbly oceasioned by the lugh degroe of anodic
polurisation that was prrduced when operating at high cur.
rent densitics,  In sgrecinent with Ficher they considercd
that the prnmary formation of ozone takes place sceording
to the equation—

30" = O, + 60,
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ut that the subsequent catalytic decomposition of ozone at
he electrode surface

20, -> 30,

a8 not the most important factor. It was suggested that
1e ozone thus formed is further oxidised at the anode—

0; + OV = 20, + 20,

dnsequently, if the anodic polarisation could be diminished
1thout alteration of the anodic current density, increased
ields of ozone could be obtained, since the secondary oxida-
on would be diminighed.

A series of experiments were carried out in which an
lternating current was super.imposed on the direct current
owing through the cell ; this method of reducing the elec-
‘'0de polarisation having been utilised in the Wéhwill pro-
188 for the electrolytic parting of gold and silver, and in the
ectrolytic preparation of hydrogen peroxide. As electrodes,
101t platinum wires or platinum capillaries cooled with
ater were utilised, as electrolyte sulphuric acid of varying
ysity, whilst a direct and alternating current of variable
sriodicity was applied simultaneously to the cell.

It was established that the optimum acid density varies
ith the area of the electrode and not only with the current
msity, more concentrated electrolytes being desirable for
g electrodes as indicated by the following figures : —

Area of Elecirode Optimum dcid
in Sq. Cm. Density.
0041 1-34
0-338 1-478

ae yield of ozone was also affected by the periodicity of the
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alternating enrrent, cspremlly with curreut ed o froguone y

ahove 20 pericads pur second the effoet wannot aorhed.

Lhract Al runteny
K . g,
Currend, € nyrey O R
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It was noted that the spphiod potentind differenee neec anry
for the passage of the current rose untal the rati

alternating current
direct rurrent

exeerded 3, mnd then tapndly snnk until
this ratio beeumne cqunl to £, whielo was found ta lae an
optimuin.  The potental difference wns fonnd tooank with
increasing current density.

Their optimum  yicld was obtained under the fallowing
conditions :~-

Electrode area: - 00344 sq e prerivcity I8 v por see,

Temperature : 107 ¢

Actd density : 1474

e R & 4

Inrect j Altgrnatimg !
Current. | Current A0 Atiends I;:r l;ml 0,

v y Vv i

p. Gurred algiated on the

Amperer L Durect Cureont, |

L 4 |

T |

028 j 180 ] 07y 1 i

The most important result {rom a technical point of view
was the effect of the alternaling current on the potential



THE ELECTROLYTIC PREPARATION OF OZONE 69

difference necessary to effect the passage of this current; in
the above case only 2:75 volts being necessary with an anode
potential of 0-71 volt as opposed to 7°5 volts required by F.
Fischer for direct current. We can calculate from the above
data the production of ozone per kw. hr. as follows:
96,540 coulombs or 268 ampere hrs. liberate 1 gm. equiv-
alent, or 11-2 litres of oxygen gas. Under the conditions of
operation, however, the liberated gags contains 37 per cent.
of ozone which would result from the condensation of 555
per cent. (37 per cent. + § 37 per cent.) of the oxygen, which
weighs 4'40 gms. Hence 268 ampere hrs. liberated 440
gms. of ozone. The potential difference which has to be ap-
plied to the cell to effect this liberation is 2'75 volts, thus
4'4 gms. of ozone are produced by the expenditure of energy
equal to 268 x 2:75 or 73'7 watt-hrs., representing an output
of 59 gms. per kw. hr., or over eight times the yield. This
yield approximates to those obtained by the method of the
silent discharge, and it would appear possible, if larger
electrodes, and a cooled electrolyte were employed, to develop
this method of producing ozonised oxygen both for strong
and weak gas concentrations for the purposes of technical
production. ‘



CHAPTER VL

PRODUCTION BY ULTRA.VIOLET RADIATION.

I 1900, Ph. Lenard (** Ann. der Physik,” 1, 480, 1900), utilis-
ing a quartz mercury vapour lamp as a source of energy,
showed that ultra-violet light of extremely short wave length
was an effective agent for ozonising oxygen. Both Lenard
and E. Goldstein (‘“Ber.,” 36, 3042, 1913) showed that
ultra-violet light in the Schumann portion of the spectrum
within the spectral region A = 120 up to A = 180 uu exerted
the maximum activity in this respect; Goldstein (loc. ¢it.)
actually obtaming pure liquid ozone by means of a quartz
vacuum tube. Regener (¥ Ann. der Physik,” 20, 10833,1906),
who reinvestigated the matter, noticed the interesting fact
that although light of wave length A = 120 up to 180 uu was
a powerful ozonising agent, yet light still in the ultra-violet
portion of the spectrum of wave length A 230 ux to A = 290 pu
(especially A = 257 upu) exerted an equally effective catalytic
decomposing effect. Ozone is thus formed by light of short
wave Jength and decomposed again by light of slightly longer
wave length. According to E. Warburg the ozonisation
effected by ultraviolet light likewise increases steadily with
the pressure of the gas (“Deut. Phys. Ges. Vehr., 17, 10,

184, 1915).
(70)
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ErFECT oF RADIATION OF SHORT WAVE LENGTH.

Since marked concentrations of ozone result when oxygen
is subjected to irradiation in light of this wave length, it
necessarily follows that the energy necessary for the forma.
tion of ozone from oxygen ‘'is derived from the light, the
process of ozone formation being a typical photo-chemical
synthesis,

According to Planck’s quantum theory ('‘Vorlesungen
tiber die Warmestrahlung,” M. Planck, Leipzig, 1906, pp. 100,
et seq.), radiant energy is discrete, and can only be emitted
by an oscillator or absorbed by a resonator in definite quanta.!
The magnitude of the quantum bears a definite relationship
to the frequency, of the light ¢ = /v, where ¢ is the magnitude
of the quantum, » the light frequency, and %2 Planck’s constant
equal to 685 x 10~*7erg seconds.

Quanta, or the units of energy, may be emitted or absorbed
in single units or in even multiples of that unit at a time.
Two hypotheses have been advanced to explain the directional
motion of the quanta since it is evidently rectilmear m
motion. A. Einstein (** Ann. der Physik,” 17, 133, 1905) pos-
tulates an entity for the quantum in the form of a light cell
which moves uniformly in the direction in which its centres
of gravity is projected. Sir J. J. Thomson (*‘ Proc. Phys. Soc.,”
14, 540, 1908 ; * Phil. Mag.,” 792, 1913) has advanced the
ingenious hypothesis which assumes that the light travels in
the wave form as postulated on the old hypothesis, but that
these waves are confined to certain directions, being virtually

114 is, of course, possible, and indeed more probable, to assume that radiant

energy appears discrete because matter is discrete, and that the radiation

itself is continuous.
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kinks in Faraday tubes which project from the point source.
A beam of light is thus compared to a bundle of a number of
Faraday tubes, and light transmission is effected by trans-
mission of pulses naturally of definite magnitudes, and there-
fore in quanta along these tubes.

The elements when raised to a high temperature emit
light in the form of spectral series. In all elements two
distinct types of light emission can usually be observed,
namely, band spectra and line spectra.  Various investigators,
notably H. Delandres (*“ CR.,” roo, 1256, 1885, ¢t seq.) have
shown that the elementary band spectra can be divided into
groups related by the expression v = Bn? + 8, where 8 and B
are constants, and » a series of integers, whilst in each group
the frequency of the bands v, are also related by the ex-
pression :—

v, = A (m+ a)? + d,

where A, a, d are constants, and m a series of integers.
Again, in the line spectra, J. J. Balmer (‘“ Verh. d. Natur. ges.
Basel,” 2, 648, 750, 1885; ‘‘ Wied. Ann.,” 25, 40, 1885),
C. Runge (“ B.A. Reports,” 576, 1888), F. Paschen (*‘ Ann.
der Physik,” 27, 537, 1908, 35, 860, 1911), and J. R. Rydberg
(“K. Svenska, Vet. Akad. Handl,,” 23, 155, 1890) have.
shown similar relationships.

From these and other considerations (see J. J. Thomson,
“Proc. Roy. Soc.,” 14, 540, 1908; * Phil. Mag.," 19, 331,
1910); J. Stark (“Prinzipien der Atomdynamik,” Leipzig,
1911) we deduce that a chemical element is not composed of
homogeneous atoms or molecules, but that each atom or
molecule is composed of at least two parts, one which gives
rise to & line spectrum, and the other to a band spectrum
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when excited. The light thus emitted is periodic in character,
being produced by some form of oscillation or oscillators,
each periodic movement corresponding to one series of bands,
or lines in the spectrum.

From other considerations, such as the electrical pro-
perties and radioactivity of certain elements, the composite
nature of the atom receives confirmation.

Sir J. J. Thomson, who first suggested this actual structure
for the atoms, although speculations on the electrical nature
of matter had long been made for the purpose of calculation,
assumed the existence of a relatively large positive nucleus
with the negative electrons (or corpuscules) distributed in it.
A small positive nucleus with the electrons rotating round it,
in fact a small planetary system, is now a common hypoth.
esis. It is at present uncertain whether the inverse square
law or some higher power such as the inverse fifth power
conditions the rotation of the electrons. Information is also
lacking whether the electrons rotate in big or small circles,
ie. whether the plane of their rotation passes through the
centre of gravity of the atom or not, and it is also a matter
of speculation whether the electrons are point charges, or
consist of rings such as are found in the satellites of Saturn.

It can easily be shown (see F. A. Lindemann, “ Verh. d.
Phys. Ges.," 13, 482, 1911) that the amplitude of the vibrat-
ing particle in the oscillator emitting light radiation is of the
order 107® to 10 cms., or from 10 to 100 times smaller
than the actual diameter of an atom; we are therefore forced
to the conclusion that the oscillators, both for the band and
line spectra emissions, are to be found in the atom itself.
Much evidence has been adduced to show that the source of
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infra-red radiation is the atom, of the visible light the charged
atom, and of the ultra-violet light the electron, the band
spectra owing their origin to the oscillations caused by the
swing of a valency electron about the positive nucleus.

If we imagine a valency electron circulating in its orbit
with a definite and constant momentum, a definite amount
of energy E must be supplied to remove the electron from
the system. If the electron be nearly but not quite removed
from the sphere of action of the atom it will oscillate about
its mean position of rotation and emit light. The energy of
oscillation must, according to Planck’s hypothesis be a mul-
tiple of quanta, or :—
nhy where n is a whole number, # Planck's constant, and »

the light frequency.
hence E must be > nhy to cause deformation and light
emission ; the smallest value of # is unity, so to cause light
emission by deformation of the orbit of a valency electron—
E = iy,

or v must be less than % It necessarily follows that as E,

the energy of deformation, is decreased, the wave length of
the light will increase or be shifted towards the infra.red
portion of the spectrum. The band spectrum of an element
thus, according to this view, optically expresses the configur-
ation of the valency electrons in the molecular system.

The relationship between position of the band spectrum
and complexity of the molecule in which the valency electron
18 oscillating, can be clearly shown in the case of oxygen.

Monatomic oxygen, viz. O, has a band spectrum in the
region M = 245 uu to A = 333 pp (W. Steubing, ‘“ Ann. der
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Physik,” 33, 353, 1913). In diatomic or molecular oxygen,
viz. O,, the band spectrum is shifted towards the ultra-violet,
viz. A = 120 pp to X = 190 pp, since the energy E, required
to remove a valency electron from two positive nuclei, is
much greater than is required to remove one of the two
valency electrons from the single positive nucleus of the
atomic oxygen. In ozone, on the other hand, not only is it
evident from its endothermic character, but also from a visual
representation of three positive nuclei coupled by valency
electrons, that the energy required to remove a valency
electron from the ozone molecule will be less than from the
molecular form, ie. the band spectrum will be between the
two former. In fact, a strong absorption is noted at A =
258 up (W. N. Hartley, * Chem. News,” 42, 268, 1888).

The oscillator of the series spectrum, on the other hand
(J. Stark, ‘‘ Die Elektrizitdt in Gasen,” Leipzig, p. 447, 1902),
is to be found in the positive ion resulting from the complete
removal of a valency electron from an atom or a molecule.
The notable experiments of Sir J. J. Thomson (* Phil. Mag.,"
13, 561, 1907, 21, 275, 1911, e ‘seq.) on cathode ray analysis
have indicated that such ions which have lost or gained a
valency electron possesses actual entities, and can be distin-
guished one from another by their difference in electrical
charge; thus in the case of oxygen there have been isolated
the charged gas ions :—

++ o+
0,0,0,0,
as well as oxygen molecules of various charges.

F. Horton (* Phil. Mag.,” 22, 214, 1914) has identified as
carriers of positive electricity, giving positive band spectra in
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oxygen, the following polymers of electric atomic weights
8, 16, 32, 48, 96.

N. Bohr (“Phil. Mag.,” 26, 476, 1913) attributes to the
oxygen stom a nucleus carrying eight unit position charges
with eight electrons, of which only two appear removable by

methods at present available.

The Mechanism of Qzone Formation.

We have already noted that the oxygen molecule when
subjected to ultra-violet light radiation of the correct fre-
quency for resonance may absorb quanta of energy. Similar
conditions obtain for the iodine molecule in the infra-red
spectral range and we may regard the primary cleavage to
occur in & similar manner, viz. :—

L2I+1

0,20 +0.
Warburg (‘Preuss. Akad. Wiss,” Berlin, 872, 1914) has
adopted this hypothesis to explain the mechanism of ozone
formation. He assumes that the atomic oxygen resulting
from the cleavage of the molecule secondarily reacts either
with atomic oxygen to reform molecular oxygen as indicated
by the reversibility of the above equation, a point clearly
emphasised by Nernst from thermal considerations (see p.29),
or it may react with molecular oxygen to form ozone—

0; + 0 =0,
Warburg's experiments, conducted under pressures of from
80 to 400 kgm. persq. cm., yielded a photo-chemical efficiency
of 55 per cent. at 120 kgm. cm. 2 and 29 per cent. at 300 kgm.
cm/, indicating the plausibility of the above hypothesis.
Weigert (“ Zeit. Wiss. Photochem.,” 11, 381, 1912) obtained
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a photo-chemical efficiency of 460 per cent. and a thermo-
dynamic efficiency of 27'7 per cent.

The reaction is primarily a2 molecular one and the energy
of formation of a gram. mol. of O, (34,000 cal.) should have
its corresponding photo-chemical equivalent equal, as cal-
culated by Warburg, to NAv where N is the number of
molecules per gram. mol. From the relationship

(cal.) A In cm.

with a value of 34,000 calories for the heat of formation of
ozone we obtain A = 800 uu, as the critical ozonising wave
length, or we must assume that one quantum of A\ = 200
will form four ozone molecules.

Ozone formation may therefore occur without gas ionisa-
tion, a fact which was first demonstrated by Lienard and con-
firmed by Ludlam (*‘ Phil. Mag.,”
23, 757, 1912).

‘We can easily deduce from our
previous considerations on the
mechanism of photo-chemical
processes in the light of the
quantum theory that ionisation

of oxygen will be brought about
by light of shorter wave length
than that required to produce
atomic oxygen and hence ozone.

If A, B, represent the two
positive nuclei of oxygen atoms

in & neutral molecule and ¢, ¢, Fe. 4.
one valency electron of each atom which has come within the
attraction (partially saturated) of the positive charge of the
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neighbouring atom ; the simplest line of cleavage is along «,
o', resulting in the formation of an oxygen molecule with orae
bond as link 0—O, which can then react to formx 0zone—
30—0 — 20,.
This requires the smallest amount of energy, and hence is
effected by light of the longest wave length (> A = 200 ppe).
The simplest cleavage into neutral atoms takes place alorag
the line b, ¥, requiring more energy than is necessary to
effect partial unsaturation, and hence shorter wave length
light A = 200 pu. Cleavage along the line d, &' necessitates
the removal of one electron from an oxygen atom and conse-
quent increase of energy or light of a still shorter wave lengtdh,
ca. A= 180 uu. The energy required to move a valency
electron which is partially attached to two atoms on to onne
atom is of the order 1 x 101 ergs, to completely remowe
the electron requires & considerably greater expenditure
of energy. A quantum of light energy in the visible or
ultra-violet portion of the spectrum is of the order of
>3 x 107 ergs; thus with very short wave length light
electron removal can easily be effected.
Under these conditions we obtain monatomic oxygen
ions—
0,22 5 + 0.
Ozone formation may result from this ionisation according to
the following reaction :—
20, + 0 + O = 20,
Light of still shorter wave length will actually remove elec-
trons from the monatomic oxygen ion (Ca. A = 130 )
6 »8- + 9,
which electron may attach itself to the charged — ve residue
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provided that it be projected from the original ion with suf-
ficient kinetic energy—

0+ 0-0.
Or again, it may attach itself more easily than as above to a
neutral molecule—

0, + 9 - 62.
In this way we can imagine the formation of the various
charged ions actually observed during irradiation of oxygen
by ultra-violet light of short wave lengths within the range
A = 130 to 200 pp.

Construction of Apparatus.

(@) Source of Ultra-violet Light.—We have already in-
dicated that for the production of ozone a source of ultra-
violet light rich in lines of the Schumann region (below
A = 200) and if possible free from light of longer wave length,
especially in the region A = 230 to 290 uw, which exerts a
strong catalytic activity in deozonisation.

A glance at the curves representing the distribution of
energy over the spectrum radiated from a black body at
various temperatures will suffice to indicate that ‘‘black
body ** radiation is unsuitable as an efficient source of Schu-
mann light. In agreement with the theoretical calculations
of Wien and Planck the experimental observations of Lummer
and Pringsheim (““ Ver. d. Deut. Phys. Gesell.,” 1, 23, 1899 ;
2, 163, 1900) have indicated that, with elevation of the
temperature of the radiator, the maximum energy emission
E,, shifts from the longer to the shorter wave length portion
of the spectrum. Kven, however, at sun temperature,
ca. 5500° C., which temperature can only be approached with
difficulty by the utilisation of carbon arcs under high gas
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pressures, a black body radiator will have its E position at

‘about A = 500 pp, or in the green of the visible spectrum.
The fraction of the total energy emitted which will lie in the
Schumann region of the spectrum Al to 200 pu will be re-
markably small.

We must, therefore, reject black body radiators and fall
back on methods of obtaining selective emission and as such
light sources we may utilise the arc, spark, or vacuum tube

illumination of various elements.

Arc and Spark Light Sources.

Most metals exhibit strong Schumann and ultra-violet
light radiation when the arc or spark electric discharge is
made to pass between metallic electrodes.

‘We may argue from the electronic structure of the atom
that since the removal of a second electron from an atom
which has already lost one, necessitates the supply of a still
greater quantity of energy for its removal than the first, and
as this energy is supplied in quanta, the value of 2» must rise
with each subsequent removal. Atoms which can loose many
electrons without loss of atomic identity will therefore radiate
light corresponding to high values of %»,i.e. of extremely
short wave length.

The elements which have been most widely used as
sources of ultra-violet light are those of aluminium, iron and
especially mercury, which can loose ag many as eight electrons.

The aluminium ultra-violet spectrum has been investigated,
more particularly by Lienard (* Sitz. Heidelberg, Akad. Wiss.
Abh.,” 81, 1910) and Morris Airy (*“ Man. Lit. Phil. Soc.,”
XLIX, 1, 1905), and iron by Lyman (* Astrophys. Jour.,”
38, 282, 1913).
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Much work has been accomplished on the mercury arc,
which is especially rich, both in green, violet, and ultra-violet
radiation, most conspicuous where mercury vapour lamps are
used as light sources.

The investigations of Tian (* CR.,” 155, 141, 1912) and
Lyman (“ Astrophys. Jour.,”” 38, 282, 1913) have shown that
“the spectrum is dominated by the broad unsymmetrical
line A = 18496 .. The spark spectrum of mercury is
rich in lines, whilst the axc specfrum contains only a few.
Other lines in the same series predicted by Paschen have
likewise been observed at A= 1402 gy and A = 1269 upu.
‘When viewed through a short column of air the linea =
18496 wpe is replaced by three groups of faint lines observed
by Steubing (‘“ Ann. der Physik,"” 33, 573, 1910). Ionisation
of the mercury atom by collision commencesat A = 2536 upu,
equivalent to a fall of potential of the colliding electron of
4'8 volts—A. Liande (“ Phys. Zeit.," 15, 793, 1914), J. Franck
and G. Hertz (*“ Deut. Phys. Ges.,” 16, 407, 1914).

Vacuum Tube Discharge.

Of the elements investigated by means of the vacuum
tube discharge, the remarkable activity of mercury vapour in
the emission of light of short wave length has already been
discussed, two other substances also exhibit a marked selec-
tive emission in the ultra-violet region, namely hydrogen
and carbon, the latter usually introduced into the vacuum
tube in the form of one of its oxides, carbon monoxide or
dioxide. Lyman (‘‘ The Spectroscopy of the Extreme Vio-
let,” Longmans, 1914) states that hydrogen surpasses all
other gases in the wealth and strength of lines in the Schu-
mann region. They extend a.g pressures of 1 to 5 mm. from
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A =90 puu ton = 1675 upu, and this light forms one of the
most important of all three distinet spectra which the
element possesses. St. John (*Astrophys. Jour.,” XXV,
p.- 45, 1907) found hydrogen to emit 250 times ns much
energy of short wave length as a mercury vapour lninp.
There appears to be a distinct gap in light emission within
the spectral region X = 1675 uu to X = 2433 pp.

Delandres (“ C.R.” 106, 842, 1888) noted a great number
of bands in the ultra-violet spectrum with the rarified axides
of carbon in the vacuum tube within the range X = 130 up
and X = 210 up.

When consideration is taken of the difficulties in the
operation of an arc lamp with iron or alumininm eclectrodes,
such as the automatic adjustment of the arc gap, the removal
of the oxides produced during combustion, if the arc be open,
or the volatilisation of the metals on to the walls, if the are
be of the enclosed type, as well as the great thermal cffcets
produced by an arc lamp in continuous operation, which, as
we have seen, militates against a high yield of ozone, it will
be clear that the mercury vapour lamp operating at low volt-
ages and relatively high internal mercury vapour pressures,
or working at high voltages with only a few millimotres
pressure of vapour, is the most suitable source of ultra-violet
light which, up to the present time, has received systematic
investigation.

The utilisation of hydrogen vacuum discharge tubes,
however, may possibly receive more attention in the future,
since discoloration of the tube walls, so frequently noticed in
mercury lamps, would be greatly minimised (sce also Liyman,
*“ Astrophys. Jour.,” 27, 87, 1908).
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() Material for Lamp Construction..

The walls of the mercury vapour lamp must be trans-
parent to radiation of this extremely short wave length, in
order that ozonisation of the surrounding oxygen may be ef-
fected. Ordinary glasses are singularly opaque, thus boro-
silicate crown-glass, which is the most transparent of the
ordinary glasses, passes only 8 per cent. of light of wave
length A = 309 pu (Kriiss, “ Zeit. . Instrumentkunde,” 23,
197, 1903), and is opaque to light below X = 297 pu. Schott
of Jena's uviol glass was specially prepared by Zschimmer
(““ Zeit. f. Instrumentkunde,”” 23, 360, 1903) for ultra-violet
transparency. With a thickness of 1 mm. fifty per cent.
transmission of light at A = 280 uu is effected, whilst a uviol
microscope cover-slip is still transparent to N = 248 pupu.
Zschimmer further indicated (““Phys. Zeit.,” 8, 611, 1907)
that pure boric anhydride and silica are very transparent
even below A = 200 ugu (and even below A = 185 uu),
but that the addition of certain salts lessens their transpa-
rency. Boric anhydride is'slightly inferior to silica, its lower
limit of transparency, according to Liyman, being A = 170
wup.  Fritsch (““Phys. Zeit.,” 8, 518, 1907) gives the follow-
ing composition of a glass extremely transparent down fo

A= 185 yp:—
CaF, 6 parts.

B,0, 4,
M. Luckiesh (‘‘J. Franklin Inst.,”” 186, 111, 1918) claims
that a special cobalt-blue glass is more transparent than
ordinary glass to ultra-violet. With the exception of Fritsch’s
borate glass, which does not appear to have received any
technical application as yet, extremely pure fused silica is the
most suitable material for lamp construction.
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Hughes (“Photo Electricity,” 1918, p. 137) has shown
that fused quartz is still transparcnt down o A = 1450 pp ;
a thickness of 0-3 mm. will transmit 24 per cent. of X <+ 1840
up, 36 per cent. of A =197 up, and 40 per cent. of A =
2002 pp.

Mention may be made of the naturally occurring snb-
stances, which are even more transparent to ultra-violet
light than fused silica, viz. quartz, fluorite, and rock salt.
Quartz in very thin lamine is transparent down to A == 145
s, rock salt to A = 175 upu, and fluorite to A = 123 pu.

In the Quain apparatus, which is the ouly form of gunartz
mercury vapour lamp ozonmiser in technical use, the lamp
which is of the vacuum type and operated by a coil or mag-
neto, at a terminal potential difference of circa 7000 volis,
is inserted in a hollow aluminiuin tube through which the
air or oxygen, undergoing ozonisation by irradiation from
the lamp, is passed at a relutively low velocity. No litera-
ture has been published dealing with the problein of the in-
fluence of gas velocity on ozone concentration and ozone
production per minute, but the following consideraticns will
indicate that the optimum conditions will very likely be
formed when only a thin film of air passes over the Ininp at
high velocity. Dry and dust-free air is relatively transparent
to light above A = 186 uu, but nearly opagque to light below
A =178 ppu. Lyman (““Astrophys. Jour.)* 27, 87, 1908)
states that 1 mm. of air will cnt off most of the light below
A = 185 pu, which, as we have secn, is the active light for the
production of ozone. Kreusler (“ Ann. der Physik,” 6, 418,

1901) gives the following figures for the absorption produced
by 20°45 cms. of oxygen :—
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Light of Per Cent,
Wave Length. Absorption.
186 825
193 62
200 negligible

whilst Schumann observed an air film only 4 mm. thick
(equal to ‘8 mm. of oxygen approximately) was sufficient to
render all lines below A = 178 uu extremely faint. With 05
mm. of air, light down to X = 168 uu would be transmitted,
and below 005 mm. in air thickness, the spectrum stretched
considerably below A = 160 uu. It will thus be observed
that the ozonising action of ultra-violet light, in so far as it
is caused mainly by light of wave length smaller than A =
200 ppu is confined to but a millimetre thickness or so of air.

Lamp Eficiency.

Figures are not available as to the optimum conditions
for the production of ultra-violet light from mercury Qapour
lamps. As is to be expected the ultra-violet light fraction
increases with increasing voltage (see A. Tian., “ C.R.,” 155,
141, 1912).

J. N. Pring (“Proc. Roy. Soc.,” 96, 204, 1914) showed
that no oxides of nitrogen or hydrogen peroxide were formed
during operation and that the average ozone content of the
air in the neighbourhood of the lamp was 0'01 per cent. at
760 mm. and 00014 per cent.at 30 mm. air pressure. W.
Chlopin (‘ Zeit. Anorg. Chem.,” 71, 2198, 1911), on the other
hand, detected the presence of both hydrogen peroxide, ozone
and nitrous anhydride by exposure for a few minutes of
ordinary moist air to the rays of a Westinghouse quartz
mercury vapour lamp.
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The ultra-violet efficiency of the various types of miercury
vapour lamps on the market was examined by . Fabry and
Buisson in 1911 (“C.R.,”" 153, 93, 1911), who obdained the

following results :—
Pereentuge uf Power Siup

Lamp. pled, Rudialed in Wore
Lengths below 540,
Westinghouse . . . . . . 6
AE.G. . . . . . . . .47
" e e .. 085
Westinghouse (i) . . . - . . 013

Propuction py ToN1¢ COLLISION.

In the previous discussion we have noted that inolecular
cleavage of oxygen into neutral atoms with or without sub-
sequent ionisation may be brought about by absorption of
light energy, provided that this latter is of tlie correet fre.
quency for absorption.

The production of ozone depends primarily on the siniplest

cleavage, viz :—
0,0 + 0,

with subsequent synthesis of ozone, whilst secondary ozonue
formation probably results from the combination of churged
ions, e.g. i—
0, + 0 =0,

(see W. W, Strong, " J. Amer. Chem. Soc.,”” so, 101, 1913

The cleavage and ionisation of the oxygen molecule mny
also be brought about by other means than by the alsorption
of light quanta, such as by dircet impact by a particles or
electrons.

Madame Curie noticed that radium salts were effective in
ozonising oxygen (“ C.R," 188), a point at first disputed by



PRODUCTION BY ULTRA-VIOLET RADIATION 87

Ramsay and Soddy, bnt finally confirmed by Giesel and
Nasini and Tievi (" Atti. R. Acead. Lincei," 17, 46,1908). S. C.
Lind (*J. Amer. Chem. Soc.,” 47, 397, 1912) and O. Schoner
(“C.R. 150, 423, 1914) showed that the a particles projected
from randiun azonised oxygen ; Lind showed, tnter alia, that
the nuinber of ozone molecules formed were equal to the
nwnber of ions made by the e particles—

0, =0+ 0

20, + 20 20,.
In many of his experiments a slight deficlency in ozone
formation was obscrved {rom that calculated, hut under no
circumstances was more ozone than the theoretical obtained.
(See also W, Duane, CR," 153, 336, 1911.) It may be
noted 1n passing that similiar results were obtained for
hydrogen by W. Dunne and Wendt (* Phys. Rev.,” 10, 110,
1917), the prescuce of 1 being cloarly demonstrated. F.
Kriiger (* Phys. Zeit.” 13, 1040, 1912) obtained ozone by the
janising action of Lenard rays abtained by the projection of
cathode rays through an slnminium window and showed, as
indicated sn the following tables, that more ozone was formed
per second than ions in oxygen, the number of molecules of
vzone formed approximately more closely to the ionisation
of mitrogen under sirnilar conditions 1—

No, Tora Produced per Sec. in Nu. Mols. Oy Produced per Sec.
Oy » 1094, N, x 104, x 10W,
070 60 70
o8 12 11
o4l 14 14
o ’ 05 0-83

In the case of radium, practically all the ozone produced is
formed through the agency of the a particles, the 8 and vy
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radiation producing but minor rud sccoudury effeets. ‘The
encrgy associnted with each group of ruys is clearly demon-
strated from: the following figures (* Phil. Mag.,)
1907) :—

Heating effect of 1 gn radinm » 110 gms. eal. per hr.

H

23, A67,

a ruys - 1033

g .. - 20

Y it
With Rintgen or X-rays, on the othier hand, sanisation 18 nat
go marked, since only shont 1 atom in 12 18 lanised hy the
penctration of the rays tito a substanee.

For ionisation to be offected by eallinion, the ialeenle ar
atom must be struck by the e particle or cleetray with sufli-
cient onergy to discharge a valeney from sty povimal wrbit in
the atomicsphere. [t will thus leave the stom with s certain
eritical velocity which it would also nequire if 1t had heen
acted on by a definite potentinl differenee. Wa wony there.
fore equate the loss in kinetie encrgy sustained by the im.
pinging a pueticle or dectron as w result of collimion with the
molecule and the esergy of discharge of the electron.

If m be the mass of the smpinging eleatron, v, ity inedent
and o, final velocity, its lass in knetie energy will be:
1/2m(n? ~ v*) whilst the diseharged electran of charge ¢ will
possess an encrgy Ve.

Hence 1)2m(r} - 1)) = Ve,
A discharged electron or a particlo will thus continne its

passage through the gas, camusing ionisation by colhision on its
way until its velocily sinks to the value v where

1/2mr? = Ve,
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the minimum velocity necessary to cause ionisation by colli-
sion. RBelow this velocity the clectron will merely adhere to
a nentral molecule to form a negatively charged ion, the a
particle will louse its charge to & ncutral molecule to form an
atom of heliuin and o negatively charged gns ion, provided that
they have nat come in contact with the walls of the con-
taining vessel before their journey is comnpleted.
In the case of ionisation by clectrons the value of

€

m 177 x 107,
SV 282 x 10 10
oruve JV.
In the following talle are given the eloctron velocities in
e, per second wnd the potential differoncs in volts required

to bring themn to rest :—

v. v,
1 B x 107
10 §*R8 x 107
100 0595 x 10¢
1000 188 x 10*
10,000 848 x 10¥
100,000 14H % 10¥
200,000 27 x 10¢

For the minimum velocity required for an electron to
cause ionisation of an oxygen molecule by collision Franck
and Hertz (' Verh. d. Deut. Phys. Ges.,” XV, 34, 1918)
found the value 180 x 10* cms. per socond corresponding to
a fall of 90 volts.

This value is in extromely good agreement with that cal-
culated from the critical wave length requisite for ionisation
by absorption of ultra-violet light quanta. It is evident that
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the requisite energy equal ta Ve can be supphed hy the kinetie
energy lost hy an impinging electron, i Ifdme or by the
absorption of a light quantum Av thus—

Ve = {2m. v <. ho.

Taking X - 134 wp we oblain the value 9°20 valts for the
value of V determined in this manner. A value of 86 valts
being obtained by Comptosn ¢ I'hys. Rev.,” 8, 412, 19161, by
calculation of the work necessary to resnove a valeney eleetron
from an atom passessing Bohr's hypothetical structure.

Quantitative agreement between the yield of ozone ealen-
lated and that actusally obtained has, as has already been
mentioned, been shown to hold for the ense of casarisation by
a particlo discharge by Lind,  Cases of wapsation and azan-
isation by clectron cnmssion have given ipare  varinlde
results. "Lhis is in purt due to the great vedooty and reln-
tively small size of the electrrms which ean pass through o
vessel containing pas and cowe to rest on the walls without
having made n great number of collisions, thus the najor
part of its kinetic cnrrgy is sull retained when it etoerges
from the gas and strikes the walln,  Agaiot appears that
every collision which an electron mnkos with s moleenle of
oxygen, with sufticient cncregy to dissociste the molecnle, is
not always effective in daing swo.  According tu 1. Kuwkby
(' I'roc. Roy. Boe.,” 88, 151, 1411), only 50 per cent. of nuch
collisions are cffective. 'T'he yicld of wzone by electron col-
lision in oxygen, therefore, usually falls far short of the
theoretical quantity.



CHAPTER VIIL
PRODUCTION BY MEANS OF THE SILENT ELKCTRIC DISCHARGE.

T formation of ozone by the action of the silent discharge
on air 14 the anly process of ozone production which has
received considernble technical development and a great
mwmither of ozonisers of various types and designs have been
incarporated in installations for the economic manufacture
of ozone and ozonised air.

It say be stated at the outset that we do not possess
sufticient information alout tha mechanisim of the silent
dis¢harge ta put forward o satisfactory explanation as to the
modus operandi of o ' Siemens tube,” nor can it be snid that
the design nud construction of ozonisers is on a scientific
basis, sinee, with the exception of a fow generalisations based
on experilnent snd a fow suggestions based upon somewhat
unsatisfuctory and frequently incomparable theories, ozonisers
have been bumilt on the rule of thumb and hit-or-miss
principle. )

The following considerations, howoever, will indicate in
seane megssnre the intricacy of the problem -

If the potential difference between o point and o plate
sepurated by a few millimetres of air space from it be
gradually raised, the current potential difference curves be
platted, and thoy will be found to possess certain character-
istic features for both direct and altornating currents. The
V. i characteristic curves for point plate and plate discharges
have been obtained with grea.(g 1z;.cv::uracy by Toepler (*‘ Drud.
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Ann.,” 7, 477, 1902)and Brion {" Zest. Blekteachem " 1y, 245,
1906) for direct currents, amd by Crmnp and Heyle 2 Flectro.
chem. Ind." 7, 74, 190891 for altermtimg cnrrents,
The following indiente the series of chunges e the char.
acter of the discharg abtasied by Toepler:
T e pent to

+ wve punt

-ﬂ
Low Ternvion
Ny
¥y
i, &
+ ve point L&
- uﬂomt
kN
Y
Brosh Discharge ;
Hegh Tension
w
4 -
“{ow Tension
"~ Arg
:

¥iu. 0,
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I a very small potential difference be applied betweon a
negative point wud positive plate, a small asmonnt will flow,
the earrent being earried  cutirely by the negative ions
present i the gas; the i, V eorve will then follow Ohm’s
law until the rate of removal of gas jons by the clectric cur-
rent becomes equal to the rate of supply, when the so-called
snturation eurrent is arrived at, which is indupandcznt of the
applicd potentind difference.

As the P.D. is giadually raised, negative olectrons are
discharged from the poist and purticipate in carrying off the
enrrent.  The arca srannd the point now hecosmes hnminous,
which Inminosity extends towards the plate with iucreasing
.1y, the discharge beconring a typieal brush accompanied
by u slight crackling noise. At this point positive gas ions,
produced at the anode hy dotaclment of an clectron from a
gas mmnlecnle through eollision with nn electron travelling ab
high speed, will nlso augment the current capacity of the
systemn.,

The resistance of the air cirenit now falls qnite rapidly
owing to inerease in conductivity hy collision hetweon
olectrons und the yas moleenles and the brush discharge is
converted into n high tension are discharge.  During the
high tension are discharge, the eathode gots extremely
hot owing to hombardment by positive jons and the
thermionic emission of clectrons as well as particles of
vaporised electrode material charged positively comnmences,
resulting in a still greater incrense in conductivity ; the high
tension are is therefore nat stable but is transformed into the
more usual low tension are. For the production of ozone
the electrically stable part of the discharge only, viz. the
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non-huninous, the glow, and the brush discharge, come under
consideration, since, i we have wlready had ocension to
obgerve, the high thermal effeets assoctited with fut]e the
high and low tensian wre discharges are more than satticient
to mask any clectranic farmatisn of ozone,

_ We have noted that the tramsfoenmtion of the salonet din.
charge into the high tesnsdont nre diselizayge ceears after the
whole inter-clectrade spuce lins bhees fiflod with the docharge
glow, which makes its first sppearnnee s the aeadled
corona light. The nature of this lunnneicence bonot ¢learly
understood ; that it is n function of the compo st wf the eay
isshown by the experimentsof B Waesenfeld 1 Zo 0 Bl Lro.
chom.,” 17, 725, 1911), who nated that the daeeloar oo, unk
in mtrogen, blue in hydrogen, white sn eblorsne, DBl the
corshustion of iron wire in oxypen,” snd rreemish ldne in
OXYHOIL

Sir J. J. Themson ¢ Conduction of Fleetrresty thyimgph
Gases,” 1906, pp. 478-512) hins shown that st the aranent
when both anode and cathode glow ke thor apgresranes
there i8 & very grent increwse in eotiductivity of the yaw
space, and advanced the hypotheas that juet prier to the
appearance of the glow dimehiarye the atorns have neguaed
internal energy by collision with electrons atd by aliwaplion
of soft Rintgen rays, generated by erdhsions of clections with
other atoms, until it has ncarly appruached the criticul value
at which the atom becomen unstable and hunnous, that
ionisation precedes the lnminous ducharge wus  clearly
indicated by D. Mackenzie (* Phys. Rev.,” g, 291, 1910),

According to K. Nesturch (" Phil. Mag.”” 3o, 244, 1U15)
there always exists a definite ratio betwern the anunt of
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radiation and the number of gas ions formed by sich
collision.

Kir J. J. Thomson and R. Threlfall (* Proc. Roy. Soec.,”
40, 340, 1886) clenrly showed that ozone formation in the
silent discharge tube was associated with the production of a
luminons glow, whilst a similar conclusion was arrived at by
E. Warburg (* Ann. der 'hysik,” 17, 1, 1905), who advanced
the hypothesis that ozone is only produced by electrons with
sufficient kinetic energv to causc themselves to  become
lnminous.

The view that the corona and brush discharges are at
least in part due to ionisation by collision is supported by a
series of experiments which have been made on the corona

“pressure”’ phcnomenon by 8. P. Faruweld, J. Kunz, and
especially Townsend and K. Warner (*° Phys. Rev.,” 8, 285,
1916). It is evident that if the molecules break up into ions
as a resnlt of jonic collision an increase of pressiure should
result.  In an eneclosed gas space subjocted to the brush dis-
charge, this pressure increasc has actually been noted, and
when corrected for the unavoidable teraperature incresse the
followiug relationship was found to hold good :—
Vi .« 0.8p,

where V is the applicd voltage, ¢ the corona current, v, the
volume of the gas subjected to the silent discharge.

In oxygen, however, there is scarcely any increase in
pressure, due to the formation of ozone; in other words, the
ozone formation is strictly proportional to the ionisation.

It would thercfore appesr that only & relatively small
portion of the discharge is effective in the production of
ozone and that the optimum results are to be obtained when

.,
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the ozoniser is so0 opernted that the himincsty of the silent
discharge glow is at & muxinnba,

Many conflieting statements have been pubhshed relative
to the yield of azane per kilowatt hour adaanmable moazonisers
on analysis these nre fand to le die tocthe fact that many
investigators have igpered the promary eonsiberntion sffeeting
the production of azone by thes meam, vz the pelationship
between ozone production per kilosatt bear snd the caneen.
tration of the azane.  Itois evident thataf o & e valyme
of air be subjected to the wlent electrie disehare, the azone
concentration in that air will rive teea eortun & funte sajue,
C.. the " limiting * coneentration. When thys cones ntration

dos,

18 reached, the rate of frrmation of (e 4t will be cqual to

its rate of destruction by thermml, eatalytie and other effects,
Thus, in the encloned voluge of mir, e sppanent ozane pro.
duction per kilowntt hone will be zerec whalst the actun] pro.

. dn
duction will be d'{‘. Av o firel approxumation sy be

taken that the rate of eatalytic desvoni- ation s proportional

tll!r

to the concentrution of wpone ar 7 RO thus the chergy
we

required to produce strong concontrations ol wrone mow
streamn of gas will be n griat deal more than i necowsry to
produce the same minount of azone in o very dilute siate

As clearly pointed ot by Alwand ¢ The Principles of
Applied Electro.Chemistry “y, the duty of an ozonser rannot
be obtained without a knowledpe of the follown,: data -

(1) The honting ywld, or the yiehl per atugnre hour at
zero concentration.

(2) The maxunum concentration of vzone sidminable.
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(8) The rate of variation of the yield with the concentra-

tion.

INFLUENCE oF CURRENT OoN YIELD OF OZONE.
Owing to the difficulties inherent in the construction of
hightension (4000, 10,000 volts) generators the current for
ozone installations is usually derived from static transformers.
The static transformer may operate either on alternating
current or on direct current with & suitable interrupter in the
primary circuit.

(1) Static Transformer with Alternating Current Generator.
If a conductor such as a piece of wire describe simple
harmonic motion in front of the pole of a magnet as is ob-
tained in the rotation of an armature between the poles of a
magnet, a current varying in intensity from moment to
moment will be induced in the conductor.
Both EM.F. and current time curves will follow those of

the sine or cosine curve.

ANANA
= "

Fia. 7.

CsRmemmrn cmm

-

The E.M.F. at any time ¢ being given by the relationship

E = E, cos g—,}.r—t

. . .. . 2wt
the current in a similar manner by ¢ = ¢, x sin T

7
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If the circnit were cntirely mon-indnetive, the vodt ampere
curves wonld naturally he superiniyee od, viner at uny time
the current flowinyg, wonld, in necordance wul Olny's Iaw,
be strictly propartional to the npgdied 10N In onetoal
practice self -induction i always present, bemngg b fined s the
vahie of thae integrale-

ey dl
1 H ;

where «Xedl dI' in the elrs nt cirenst
The product Tof may b teryed the coetreal soansontum
nequired by the enreent in the ewrerat, nind Ohan’ Taw has teche
modified to inelude the mte of chismee of eboctrn al measnentnm
as well as the Jnstantnneons carrs nt
(l(f;; I v ::,Y,, i,

or

di N | 4 dart

il ¥ hl i [N 4

The solution of this equation 1 gvon iy

I.um("‘ﬂ n}

T
Jn (3 )
sl
¥ ey i
whern a ~ lan e

There i thorcfore n lag between the current and B
curves, and the maximum value of the current pever exceceds
¥

J (T)L

the ' impedance ** takes the place of 14,

where the exprontion under the square root
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Severnl generalisations which have an important bearing
ou ozoniser designs follow from these considerations.

Firstly, large currents cannot be obtained in systems of
high inductances, and with inereasing values of the periodicity

(,i,} the induetance term becomes the ouly ono of significance

n the resistance of circuit.

For high frequencies 27,3{[' will be lnrge, consequently

augmenting tan a, making a the angle of lag approxiruately

s
equal to .
d

9

Dt

K, »in Bt

Sb \/m . (%};)2]"4 ’

2t . Dt , .

or when cos o 0, sin p 1, the E.M.I%. will therefore

be at o maxisnun when the current is zero and viee versa.
The Wattage consuinption 164, will bo eqnal to

Bt Qt Pt
O A

. m
-0 whenais ,

Py 2 2
\/ R* + L‘-’(‘;;

N1
4 cos ; , for small values of a «
2 3 47
AJR + L (rl\)

For R = 0 or a there is therefors no energy consumption,
whilst for some intermediate value there is & waximum energy
consumption.

or
FEER

w4 (Ve
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, R .
For v o bobe nomimanun
: ("‘” 1,
B ,l,) 4
S ! Wl
R* must equal (,}. L7 or R T !

I a condenser of capuety © be phiced sncirent vath the
gecondary systess we ety us o sdider 1aner oltun the ox.
pression fur the relationchip b tween the varyngt pedential
difference and the charge on the phite

"‘: (("sh .J:;.! l.t)

d 1 e
J(.].)ic d(L )

By snitable adjustinont of the combonar, e makong

Q0

T
G- gl WO R pob Inegee sigonnts thr aeh the ereunt for
wii

a given applied potentis] diffeyonee thas of the creart were
closed by n wire.

According to Kabakjinn ¢ Phyn Rev” g1, 1T, 1010) the
limiting yield of azose inepeases with deercamag enpmeoty,

b e m - ———

whilat the efliciency of ozone production at o definste con-
centrationdmereases with decreaving capacity
Bo far we havo sesurned that tho resistance R o the cir-
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cuit s non-variant, bnt ws we have had occasion to observe
the conductivity of the air gap in the discharge apparatus
varies with the current.  Tiarge currents cause the gap to
become more conducting, permitting nnder a constant applied
E.M.1. still higher currents to pass, ending finally in spark
and arc discharges. 'The sinnous character of the curve will
thus be anltered, the maxima «, @ being incrensed for this
reasan to higher values 0, 8.

&) Direet Current with Interrupter.

Small cails with magnetic or larger induction apparatus,
with mereury or Wehnelt type of make and break on the
prilnary, also yield a periodic current which, however, no
longer possesses the sinuous character of the slternating
current mnchine, but consists of a number of periodic current
makes anud hreaks ag is depicted in the following curves :—

TSI =7 T——
with. Condenser

without CondenssRr,
. .

1t will be noted that nnder both conditions of operation
there exists a great danger of the spark discharge taking
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place ab the paint of aptinnse cortent fhan, wlach peacteslly
coineides with the period of nmsmnug canductiaty of the
gus.  The spurk dischasge el mosesnllatory s chnracter
having a period 1 2or /10 ansd wall puee weonon curve of the

fallowing forsn -~

f’qﬂ

f,‘ U\[\J

J U

According 1o the anve dipmtions of Kalakpan ¢ Phys,

P

Jie i

Rev.,” 35, 117, 1910} the bevche diecharge ot a0l naay under
conditions af bagh rats of dochivgn acanne the soeillutory
character af the spark disehiorg.

(@) Jafluence en Vedbape an 00 one Yordd o U1 oo Fdee
sur Ozone, CH.Y 7135, PR vlatse D it there was for a
fixed air gap mon gven gaan eer s peactieally linea pelation-
ship betweunn the ozone yicld jor angere b and the
potentind differvnies Ietwesn the oectpadea, Lnter wxpweri
ments have shown that Chassy g eonelusions were net entirely
corvect. B Warburg CrAun Jor Fhawh” g 6l Y01
ghowed that provided that th potentisl dithoponee appld
was suflicient Lommintmn o ambam law wt the pomnt of the
air gap, the yiold of ozae was practically idependont of the
voltage a8 is shown Ly the following figurcs |
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Current Voltage of Gms. Ozone

1x 105 Point, per Coulomb.
57 . . . . 4200 . . . -0375
575 . . . . 9,880 . . . ‘0386
572 . . . . 11,700 . . . ‘0387

A W. Gray (¢“Ann. der Physik,” 13, 477, 1904), utilising a
Standard Siemens ozoniser, likewise found that the yield per
Coulomb was constant and independent of the voltage pro-
Vided that uniform illumination was maintained in the dis-
charge space.

Kabakjian (‘“ Phys. Rev.,” V, 31, 17, 1910) found that the
O Zone output per coulomb rapidly rose with the voltage until
a potential difference of 2,700 volts with a 1 mm. air gap and
3,200 volts with a 2 mm. air gap was reached after which no
fuxrtheriincrease was noted. At these voltages presumably
‘¢ saturation” of the field with the brush discharge was just
effected.

Influence of Current Density.

‘With a constant regime established in the working of an
o=zoniser the quantity of ozone produced per coulomb is
Ppractically constant, for a point discharge on the other hand,
the yield per coulomb varies with the current flowing, as is
shown from the following figures obtained by Warburg :—

o ; Negative Point and | Negative Point and

Positive Poind. Positive Plate, Positive Oylinder.
Grammes| Current | Grammes Grammes

Current Current

Volltage. X Oy per - O, per . O, per
1 %1051 gogiomb. | 1 % 107% | Goutom. | 1 % 10* | Coglom.

8,420 28-8 0:0172 17-4 0-0489 — 0-0481
1.0,400 57-2 0-0600 25-1 00459 291 0-0886
12,000 942 00630 572 0-0875 942 0-0870
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The varintion i the o figare s attodaped by Warbairy
to the alterntion in the vabinee of the eomavt cleooy i the .
charge spaee under the varvet voltee © dn s S osn type
of ozasirer aperatigg under the aqinnu eonditeas, he o).
tained o value af G060 g, per conkante a oo © aired
by A, W. Girny (¢ Aan. der | RS FTNECTAREE % M PSRN AT 3 I

These fignres show wome Bieht on the ne <l an of ceone
formation.  Himee, as enn be sdeann b olocteasty decgg.
position ar by measurement of the eharee of the ceetron,
together with the nuntbar of ycdoeale ey pras medienle,
96,510 coulaml are sieocimtsd with vne s pavalont of a
substanee, it nossaardy folioows tnt of the o7 gie wore prao.
duced Iy seane frrin of clectiady e aetion an the a0 qaee, g
it is set ta thoe quantity of azene clamined por ennlomh,

We gnay, of cansre, tuake yarogn an Stugdige ns b the
mapintinde of e elertrome transfer waaepstad wah the fop.
mation of n wedecul of rope, bt gt wall beoaaude st that the
maximuns yield for the mm woan tear oder will be obbned
on the wernmption of the Lidlisiny pow il guenee of

resctivns -

(h 4 Jr-= 0 )

.

0O,v0 =0,
i.e. one moleenle of vzone wanld be fored far cach ectron
tranaferred  Forty-eight gane of soone shiouid therdone be
formed for u current consumaplion sof 496540 caulonbs, or
00000 grum. per conlomb TU smexident that the quantstios
of oxonn netuslly produced per coulaanls vxeced the amaount
somne 520 tinuw, even thouph th e oo ditione e pre pent those
moat favourable to ozons farmation by +lectrae ransfer.
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We are forced {o the conclusion, assuming the acenracy of
Warburg and Gray's experimental data, that most of the
ozone is of sccondary origin and is produced by collision
between electrons both primiary and seccondary nnd gas
molecnles,

Kriiger and Moeller (“ Nernst Festschrift,” 240, 19192)
have suggoested that one electron may liberate, in the case of
the positive point discharge, seventeen secandary electrons,
and for a silent discharge in metallie tubes 287 secondary clee-
trons, which would neeessitate velogities produced by applied
voltages of approximately 100 and 50,000 volts respectively.

Influcnce of Wave Farm.

The hypathesis advanced fros the previous considerations
that ozone formation is produced by inter-molccular and
clectronic collision, and i not a phase of gascous clectrolysis
hetween the electrodes, is supported by a consideration of the
effect of the wave form on the ozone yield. A. Voswmacr
(*Ozone,” Constalde, 1916, p. 70) states, “a very peaked
wave form would cause a greater distance hetween regular
working tension and ordinary maximum tension and thus
facilitate the brush discharge.  On theother hand o flattoned
curve would give nore available energy in the domain of
working and would give a better output of ozone . . . there
is pot 80 wuch difference in wave form to be of any import-
ance.” [t is clear that this investigator does not consider
wave form of great itnportasice and his views have been sup-
ported by many other observers.  Those, howaver, who have
had occasion to make use of the oscillograph and thus have
been able to plot the wave form with aceuracy have noticed



1016 GAGNT.

that the wiuve ferm dees have ann onportant lestvises an he
yield of vzenie. At the meae pogeatant sty
published, muy be mentieaed these of O Proohbeh o0 Fleke
trotech. Geitseheilt,” a2, 380, 1900, B Wanlare and Fast.
hasser ( Ann, der Phvaal,” g 17, B0 and €0 Faehner
(“ Zeit. BElektrochem,” vz, 001910 an, 300G, JUls),

The following s a heef sumsry of the mare papos it
conelnions :

The azonie yicld pop ecalaande pcat first sgadiy with the
periodicity of the alteruatime cottent and e seafltor -
slowly,  Up tod00 pe pcds have e taallv beonosnpldayed s
techpiew] wnstallation- Hoooovadent fran s con pdoatian of
the farnr of the wine ciive thl an s reasing peoedenty in

creases tha wbeepmesn af the carve, 1e hgth ponadsests cnngg

m hu.‘:‘, \'ll]“" {I)r th‘. tiale ,,{ un« Yaliosl hi ”Iv- cidyte 131t “Kl’.\n ':;.
¥

A higl persadioty Dike wios lowars the nimmug peotontul
differenen to prodoce w alent dieliirg acra 0 ad it
pedar space [ Harsonfold, " Nermt oot chirdt” 71, 1002

Mare ozomwe v prodieed poroosulomle with a o reahically
braken dipect coprent than wath s albe rantagts aro ot of the
snupe oarrent strength and pencdwty N planee st e
typicul wuve furipm fur these Do Bgaw of curont flow will

. . H
waflice o indiente that 3 the farnipr ope the l” sulien nre
¥,

wach larger than m the synmetne slternaling curnonts, A
further ndvantage of the direct current 2 that for the same
effcctive potentisl differenee a targer corrent cuncbe pawsed
theough the silent discharge tode st o cotme paent uicreast
in ozone production,
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I'uschin and Kauchtschev (““J. Russ. Phys. Chan. Soc.,”
46, 576G, 1914) have likewise shown that the yield of ozonc
increascs with the froquency, but that the optimowin frequency
wus dependent on the applied voltage as indicated by the
following figures :—

Freriodicity, Apqlisd Voltage,
1240 . . . . . . . . . 6800
U560 . . . . . . . . . TO00
fi0 . . . . . . . . . 8000

IYor a coustant air-flow an incresse in periodicity above
these linuits decreases the output of ozone, whilst an increas-
ing air-flow displaces the maximum towards increasing
frequencics.

In a general way it is not difficult to offer an explanation
of the increase in yield of ozone per coulomb with rapid
altcration of the current flow or incrousing tension of a
current impulse, if we regard the forination of ozoue due to
electronic and molecular collisions.

At any given instant we may regard the current flow as
constant ; then proceeding from the negative to the positive
clectrode there will be o stream of electrons which, in their
passage through the gas space will ionise part of tho gas
therein, The effect of the clectron stream on the oxygen
fraction of the gas is three-fold :—

(«) A splitting of the molecule into two neutral atosus by
direct unpact-—

Oy = O+ 0.
As we have seen it is by this disruption that ozone is chiefly
formed in ultra-violet light.

(b) An ionisation of the molecule or atom by impact-—
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) « 4y

the pusitive Jotia see Dot d wlael ooy b ut dnse ar e oyt
of moleenle ehmsters twee hve alrody o tieatod that cadopes
for elusters np to O, a compdosay o at Lesad, thee prodabily
represents the extromne upper it dangge clu ter caaly
break down aguin ). Tles ateqncornedoende s wath o or twn
pusitive charves sutarally prasodan He noar s sdaoetr s ta
the streant of electrons nnd Ly anport and codanatem with
them nentralisntngy e atean and pucdooalar prougs o ones
more cffeeted

SRR T

(ry An dcasation of the mcdocole o wtoan Ia upmed and
sdlierence of the cleetion,

The eleetron baving speont oo Lol st ke onoge wath
which it 1o ft the eleetiode cp dhiclatne, nigy, <ncontuet with
o neatral steon or mdecnh, Bt o e syt an it ey ta
detnch n valeney dectran fromoste opbut of rotute noaml mny
netually ndbore to the ot at tde Dason: oo patinely
charged atedir or tuelorale

{4 oty

L L/
Oppositi-ly charged atoms and sk odos sy en pact to
form oz

0, « 1y« 1,

If the current flux be subject (o sialont changos then the
streamn density of both dectraas and par nadeculon wall not
b conntant, but will procacd Ly s e ool i golar spasioeodi
bursts of varying velorttieos, thue grostly enbancomg the pos
sibilitics of collison,
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Influence of Gas IFlow and Composition.

We have already referred to the fact that the output of an
ozoniser is governed by the concentration of the ozone formed
during the discharge, since for high concentrations the rate
of deozonisntion is increased and the apparent yield of ozone
per kw. hr. decreased. In the curves on next page are
shown the relationships obtained hoetween yield and concen-
tration by utilising a standard Siemens and Hulske indnstrial
ozoniser (Mrlwin, * Zeit. f. Sauerstofl and Stickstoff,” o, 143,
1911).

Warburg and lweithauser (¢ Drud. Ann.,” 28, 1, 1908)
made & very extensive series of experiinents on both glass
and metallic ozonisers to determine the influence of the ozono
concentration dorived upon the yicld. 'T'heir results are
tabulated in the following columns:.—

i Chma. per Limibing
' Ampere
Hour for " "
Instance Foriod C“m""sja'
Type of § belnven | Feriod. y Coneen.
Osonmaser. Kieclrodes Voltaye ety Amperes.) Cos 0. (lgzb %cr Vield tration
s Cmn, Metre,  |Gmafdmp.) in Gma,
Hr.  lper Cubic
Molre.
10 4
Clans 051 8,050 50 0-182 1 0-185 { 883 | 410 455 86
“ 1444 10,080 ) 0104 | 0914 | e | - e o
" 1-40 16,500 b0 0193 § 0-243 1 528|651 568 502
© 874 17,600 50 0-160 | 0415 | b1-1|56°1 601 812
Motat 226 10,800 o0 0182 | 04981 | 722 TH4 82+ 405
. 466 1139000 £0 | 04969 | 0450 | B8B {024 €84 24
" 224 9480 1 100 0308 | 0458 | T6H-7 | 814 HE-4 516
“ 4466 12,800 | 100 0280 | 0447 | 54-0} 630 690 168
0 2-46 9,840 1 510 1-58 l 0587 | 571} 060 719 188
R 466 112,100} 510 1-19 1 0704 ‘38'0 680 747 114
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Tt will be noticed that the conditions most favourable for
the economic production of ozone obtain with low concentra-
tions «f ozone or relatively high flow rate of air. ¥igh air
flow rates likewise serve to keep the ozoniser cool, an import-
taut consideration since the catalytic decomposition of ozone
is considerably accelerated by high temperatures.

For technical operations the air-flow rates arc accordingly
adjusted as to give the minimum concentration of ozone
which will prove c¢ffective for the process under consideration ;
for under these conditions, nlthough niore energy must be
expuided for pumping air, yet o very considerable ceconoiny
is effected in the ozone production.

The concentrations of ozone and the yiclds obtainable per
kw. hr. are higherin oxygen than in air, but the employment
of oxygen instead of air does not prove to he economical in
practice, although concentrations up to 150 gms. par cubic
metre, or nearly three times the maximum concentration
atiainable with air, can be carried out.

The yield, however, does not increase indefinitely with
the oxygen pressure, thus, 1. von Wartenberg and T.. Max
(' Zeit. 1. Blektrochem.,” 14, 874, 1913), operating with an
ozoniser constructed to withstand high pressures with an
interpolar space of from 2 to 6 mm. aud a curront of 1 milli-
ampere al 23,000 volts and 50 periods, obtained the maxisnum
ozone concentration and ozone yield por watt-second at 0'5 to
1 atmosphere. I'ressures up to 5 atmospheres were reached
during the course of their experiments.

It will be noted that 60 gms. of Oy in air, and 180 gms.
of ozone in oxygen per kw. hr. represent the best results
yeb obtained with ozonisers operating under the optimum
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conditions. T'aking 34,000 calorics ns the heat of formmtion
of ozone, this represents o theoretienl yield of 1+ kgs, per
kw. hr., or industrial ozonisers have an efliciency of only
5 per cent. in air or 15 per cent. in oxygen.

Air suitable for azonisation shonld he free fian dist,
which favours the passage of sparks, nnd from certisn yaseans
impurities sach as «xides of nitrogen, chlorine, and nrore
especially water vaponr.  All three gmses appear ta oxert a
distinet inhibiting ¢ffect on the formmtian of azane, in addr-
tion to a deozonising action, which i e peeislly mnrked i
the case of chlorine and nitrogen dioxsde,  The funetion of
these grases as eatalytic deozanisers wall T 1cfirred too Liter,
The inhibiting aection, which s nwst marked m the care of
water vapaur, has been attributod to the forumtsar af mist,
which serve ag nneled for the condensations of the g ans,
Under these canditions of eondensation, the valoeny of the
ions is naturndly redueed nnd thesr power of drmivng ar
bresking down n mwolecale into abous 18 carrespondingdy
lowered.  Undried air at ordinary temperatnres having a
water vapour pressitre of en. Tmns 1,0 has o inating yueld
of ozone which is only 0 to 70 per cent. of the ar when
dry ; in tho presence of motsture Bkewme the fonuntion of
oxides of nitrogen, duo to the the nsal efects of opmrking nw
well as the possible intaraction of ozone with weme form of
active nitrogen produced i the spark diseharge, 14 waunlly
ocegsioned. T, Lowry (" J.C.8 " son, 1152, 1914, is an m-
teresting research on the effect of the silent armd spark dis-
charges on air, showed that in dry wir oxides of nitrogen were
not formed under the experimental conditions by parsage
through the ozoniser or the spark discharge gaps. \When
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passed, however, through hoth in series, or when the air
currents subjected to each discharge were mixed, oxides of
nitrogen were produced.

Fiowry canie to the conclusion that in the spark discharge
an active variety of nitrogen was forined which was easily

oxidised by ozone.

Distreriic MATERIAL.

We have already noted that the yicld of ozone per kw.
hr. at & definite concentration increases with the increasc in
capacity of the ozoniser, but that the limiting yicld decreases.
In addition it moust be remcinbered that extreme variation in
the sizo of the air gap or interpolar free space is not permis.
sible, since too swmall & gap will permit the passage of sparks
and possible arcing with minuto variations in the applied
voltage, whilst with a large interpolar free space the luminous
discharge, on which the formation of ozone appears to be
largely dependent, will not fill ox *“saturate ™ the field. Tt is
avident that the use of diclectric matorinl other than air, by
which alterations in the capacity and interpolar distances
can readily be made, offers the designers of ozonisers a very
considerable latitude in these factors.

For the purposes of calculution we may take a simple
plate form of ozoniser and cousider the effect of inserting a
plate of diclectric material in the air space between the two
metallic electrodes.

t e -
1“ b AL AL L LLL

Fig. 19.
8
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If the two plates are charged with & quantity of electricity

of surface density o, the attraction, at & point I’ sxm:.‘tr 1t e
plate, by the other plate which is separated from it by the
interpolar distance (a) is—

F j“zmzw cos 8 _ jfész tan oQ sec Odl) vea )

a? sect 8 " a” Bee
@ -7

= _F 2mro sin 6 = 2wa.
At a point between the two plates the attraction due tecach
plate is 270, thus, with a positive charge on ont: plate mind a
negative charge on the other, ¥ = 4mo.
If the potential difference be V, and the totsl charue Q,

then Y- = 4o = 341@, A being the area of each phats, or the
a

A

ity = Qo A
capacity VAl v—

if we neglect the irregular distribution of thu strumin lines
near the edges of the plates.
On the insertion of a piece of plate glass of thicknem. b

//
;‘i' whene

K is the specific inductive capacity of the glass, hene the
A

Ao (a . i;)
the interpolar distance of air space reduced to « 4 Hy
this means we have augmented the capacity and deerinmed
the interpolar distance of the ozoniser, and thus increscad sts
efficiency ; at the same time the tendency to sparking
rupture of the gap between the electrodes ig dimsinished, since
the mechanical force per unit area ig likewise reduced, nnd

between the plates, the equivalent air thickncss s

new capacity will be augmented to Q. . nnd

and
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the possibility of the flow of currents of high densities natur-
ally excluded.

The following are the approximate values of the specific
inductive capacities of the more common dielectric materials,
dry air being taken as unity :—

Matei1al, K.
Paraffin wax . . . . . . . . . 23
Rosin . . . . . . . . . . 26
Ebonite . . . . . . . . . . 82
Sulphur . . . . . . . . . . 38
Glass . . . . . . . . . . 6to7

The choice of dielectric materlal is na.turally limited, since

it has to w1thstand both hlgh temperatures and the destruc-_ _

tive ox1dlsmg actlon of the ozone. Amongst those which

T i rranegan

have been suggested may be mentioned : shellac mica,
quartz glass, and artificial insulators formed by condensa.tlon
of phenol and formaldehyde, the so- called Baekehtes ; glass,

howover is the only_ material, Whmh has recelved extended

techmcal a;‘)pllcaman

The effect of insertion of a solid dielectric in the inter-
polar space is, however, not so simple as indicated by the
above considerations, since like other materials, not only are
they imperfect insulators, but many of them possess the in-
teresting property of acquiring residual charges. We may
regard the dielectric medium to consist of a number of con-
ducting particles embedded in an insulating material, the
fraction being smaller in the case of the more perfect insula-
tors. If this fraction be denoted by u, then the specific in-
ductive capacity can be calculated approximately from the

relationship :—
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T 4 Yn
Il ~n

K -
. . . %
u being determined from the moleenlar specifie vohime o

When a strip of diclecirie materisl is charged np ta a
high potential, after discharge it will be fund to acquire a
sinall charge on standing, which is aften sufficiently great to
mise the potentinl of the diclectric np to 300 vaite.  This
property of aceuiring a residual charge is asly pussessed hy
those bodies which possess the praperty of exhibiting elastic
aftor-effects, it is never shown hy simple sulistances, bat only
by mixtures such as the glasses; thus xylene and paraftin
oil alone do not shaw this efficct, but on mixing thie twn, the
residual charge is apparent. Oue of the constituents ninst
also possess a cortnin amonnt of clectrieal conductivity.

It is interesting to note that Riesenfleld (* Zoit, Pliektro-
chem.,” 725, 1011) failed to obtain & brush disebarge with
pure quartz glass, although such discharges are readily ob-
tained with all fornis of glass which mnay contain quite: Inrge
pereentsgnes of silics, attributable to the slight electrical con-
ductivity of the glass, and its possession of n residual charge.

Two other important properties of dicleetric materialn
must be briefly alluded to, namely, the alteration in eondunct-
ivity with elevation of the temperature, and the modification
which the dielectric undergoes when subjected to clectrical
stress,

It is well known that the conductivity of glass at oven
slightly elevated teruperatures rapidly increases. Mond and
Langer and Huber have actuslly used solid glasses sn
electrolytes at temperatures between 200 and 500" €. Local
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overheating at one point in the dielectric, due to a slight ir-
regularity in the current flow, will thus cause an increase of
conductivity at this point, with a corresponding augimentation
of the current. Trusion and finally perforation of the glass
results. It is for this reason that porecclains, which possess
temperature cocfficients even higher than thosc of the glasses,
are unsuitable for diclectric material in ozonisers.

Kerr noted that the optical properties of diclectrics wore
considarably modified by the application of clectric strosses.
These modifications are influenced by the period of time for
which the stress has been applied, thus Ilorning (sec ““ Amer.
Suppl.,” 45, 1912) showed that the conductivity of a diclec-
tric varied with the frequency of the applied alternating
current, and Lipp (“ Hochspanning Technik ") found that
the applied voltages necessary for perforation of thin sheets
of dielectric waterial varied with the period to which the
dielectric iaterial had been subjected to the electrical stross.
The perforating potentials for the usual diclectric materials
are approximately as follows :—

Perforating Polentials «

Material, in Kilowlts per Om.
M . . . . . . . . 600 to 780
Micanlts . . . . . . . 400 ,, 800
Porculain . . . . . . . 100

laws . . . . . . . . T8 4 300
T.oad glass . 1000

Air (** Ampdiczz) N, Clmonta,” 3, 51, 1912)-—
7000 volty por 15 om.
97,000 ,, 4, 130
100,000 ,, ,, 4

The potential difference necessary for discharge between
two conductors in air varics with the size and shape of the
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conductor, peint discharge taking place snuch weoe readily
than discharge across plane surfaees.  Thee fallowing fiznres
(Abraham und Villard, * Physieal Censtants,” 1910) ndiewde
the potential difference required to eanse n 30 . spark to

strike betweon twa spherien] electrades of varying radins . -

Radinvaw S, Putsatiod Inflac e,
a (plant ) Wt TURL
300 Hhy 100
100 R, 400
HL] 11,0 N)
O {preiret) 0,00

The relationship between the potestd difference aund the
striking distanee, is also not o siansple one as indiented feam
the experimentally derived fignres for spherieal cheetrades
1 cm. in radius - -

Tusgtuace in s, Kl Ua,
(35411 7
[+ B {4] 4]
(40 10
00 e

For very small interpolar distances, say § ta 50 pu, the valt.
age necessary is independent of the distunce and cqunl to
about 350 volts (I5. Willinins, ** Phys. Chewns,” 3, 216, 1910).
0. Hoveds (* Phys., Roev.,” 34, 25, 1912 gives the follow
ing relationship for point to phune discharges - -
b

Vo a - -
[+ 3 Jl)

where a, b, ¢, are canstants, and 1) is the interpolar distance,

The use of minute puints carrugated ar roughened metal
electrodes in industrial ozoniscrs ix very frequent, sinee, as
wo have scen, the presence of pointy facilitates the cleetrical
discharge.
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L. Décombe (“Jour. de Physique,” 2, 181, 1912) has at-
templed to calculate the energy dissipated in a condenser
when cannected to an alternating current source; he shows
that the cnergy absorbed, i.e. V87 (where V is the applied
E.M.F. and ¢ the charge on the condenser), can be cxpressed
in the form :—

Vém + ROV,
where m is the polarisation and R, a constant, this is equi-
vilent to the dissipated energy :—

s J: Vém = J‘: A% (‘Z’;)‘ dt,

or the dissipated energy is proportional to the square of the
polarisation current and independent of the periodicity.
V. Fhrlich and 1. Rass (** Zeit. Klektrochem,,"” 19, 330, 1913),
a8 o result of an investigation on the mensurement of the
electrieal quantitics in a Siemens ozone tube, showed that
the ionisation or polarisation cnrrent and applied potential
were always in phase, and that the potential difference
across the gas gap was o dircet measure of the energy.

Chassy (' Jonr. de Physique,” 2, 876, 1912), on the other
hiand, showed that the energy absorbed per second by a gas
under alternnting fields, varied as the charge Q and not as
the square of the charge, as in metallic conductors.

An increase in econdnuetivity of the solid diclectric is algo
to he cxpected from ity oxposure to tho ultra-violet light
genemted by the brush discharge in the interpolar air gap.
A. Galdmann (" Ann. der Physik,” 36, 3584, 1911) has
shown that solid diclectrics exhibit both an ineresse in con-
ductivity and & nogative discharge of clectrons gimilar to the
Hallwachy effect in metals when subjected to ultra-violet
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irradintion ; the conductivity of sulphur is =ud {o inercas
1500 times when thas iluminated.

Types of Industrinl ()-onisrs.

Tndustrial ozonisers may he grouped inta two distinet
types : those in which the silent discharge paswes aerass the
air gap without the interposition of any solid dieleetrie, nnd
those in which one or both of the clectrodes are protected hy
gome suitable diclectric mwaterinl, usually gliss,

Non-dirleetric Ozonisers.

Several attempts have been snde to produce ms ozonmer
without any diclectric and although large snits on varions
systeins have been constructed from ume to time, their
officiency has usnally been extremicly low and b the prowent
time all industrial ozonisers contain dielestrie materinl,

Schneller, Wisse and Sloen, in 180, weres the first to
construct large ovonisers without a dicleciric.  One dine
charging surface consisted of a sheet of platinuin gauze to
provide a great number of sisall points some 30 g, from
the other surface formed of perfornted metal shect, the nir
current being forced through the perforations i the sheet,
The two clectrodes were cylindrieal in shapo and were
mounted in glass tubes.  The operating vollage was nt first
15,000, which was subsequently raised ta 50,000, To avon
tho formation of an are discharge, which in the absence of
any dielectric between the electrodes would be attended with
disastrous effects, & high resistance was inserted in series
with tho ozoniser.

These investigators found much diflienlty in the con-
struction of s resistance suitable for the purpose. It was
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necessary to obtain a suitable resista,ncc; of 1'5 megohms,
capable of carrying 0-U1 ampere ; moist unglazed porcelain
and glass tubes containing 80 per cent. glycerine were found
most suitable.  Vosmaer (' Ozone,” p. 94) showod that
sparking and arcing could not be avoided cven with this
artifice, and that the external resistance served to increase
the capacity of the circnit rather than the resistance.

Slate was found to be more suitable than cither glycerine
ur moist unglunzed porcelain, which rapidly lost its humidity
and suffered an increase in resistance.

Patin's ozoniser followed a similar constriiction; re-
frigeration of the air prior to ozonisation was craployed to
increase the yield, and o number of sinall metallic perforated
prisms enclosed in a single unit corprised the electrodes in
lieu of the perforated plates and gauzes in Schnellor's ap-
paratus.

Vurious improvements in design of this type of ozoniser
were introduced by Tindal in 1894 and more especially by
De Frise in 1904, De Frise's plant was actually cmployed
for a short period in the sterilisation of water on a large
seale at the Saint-Maur Water Works at Paris, but the
diclectric  Sicmens.Haulske ozoniser was subsoquently in-
stalled and ndopted as proving itself more economical in
operation.

Tindal employed Schnoller's method of augmenting tho
capacity of the systexn by the insertion of liquid resistances
in series with the ozoniser. The ozoniser consisted essenti-
slly of a system of compartments separated by perforated
mnctal plates, containing alternately a set of electrodes and a
water-cooling device,
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"The perfornted metal plates abtached to the raading taley
servaed as one sel of eleetrodes of the azoniser snd fine g

as the other set.
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De Frise likewise ndopted Tindnl's arrangs upent of alter-

nating ozonisation uhd refrigerstsm, bt adopted a ditfirent

arrangenient for the distribution «of the elietrodes,
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Fach disc was furnished with a number of minute points to
facilitate the discharge.

These ozonisers were in successful operation with voltages
up to 10,000, although an applied voltage of from 15,000 to
20,000 was usually cmployed.

It possesged distinet advantages over Tindal's apparatus
in that the distance between the electrodes could be reduced
very considerably withont risk of arcing, thus increasing the
efficiency of the apparatus.

Varions types of machanical ozonisers oporating without
the interposition of any dicloctric have been constructed from
tinge to tiine, the most suceessful heing that of Otto.

The frequent occurrence of arcing in non-diclectric
ozonigers as well as the necessity for obtaining o very small
polar distance between the cloctrodes for efficient working,
led Otto to construct an ozoniser in which by the rotation of
one electrade the polar distance was always varying, so that
il for any aceidental cause an arc should be formed at one
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point, it would speedily be braken agnin by the subsequent
increase in the are gap. A diagram of an improved form of
Otto vzoniser 18 shown abave,  One electeale, which i fixed,
congists esseutinlly of an aluminimn dise, studded with a
great number of sinadl points, the rotar besng oometadhe dise
segsuented with insulating materisl.  Up to 80,000 valts have
been employed on these machines,

None of these ozonisers have proved sufticintly ceonomi.
cal or reliable for industrial aperations in wiich, at the
present tinie, ozonisers containing one or wore dieleetries
are practically sniversally ainployed,

Ozonigers Containing a IHelectyee,

Tubular Ozonisers. The present constructian of serviee-
able apparatus for the production of ozone by menns of the
gilent discharge has developed from the sioplest {orms of
ozone tiubas constructed by von Bietnens, in 1K37, in Gienmany,
by Brodie in Fngland, and Berthelot in Franee.

Siemens’ first ozoniser consisted essentislly of two conxial
glass tubes, the onter conted extornally and the inner intern-
ally with tin-foil, the air being passed through the annulur
space.  Brodio substituted water as electrode ninterial i the
place of tin-foil, and Berthelot used sulphurie wed

T'heno nzonisers thus eontained two dielostric plates cover-
ing cach electrode, and in practice gave werviceable and
uniform results.

Brodie's and Berthclot's system gives somewhat better
results than that of Bieinens’, since it is & wimple matter in
these forms to arrange for efficiont cooling of the electrodes
and interpolar space. \When oxygen is employed insicad of
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air, a 10 per cent. ozone concentration can easily be obtained
at room temperature and over 20 per cent. at —25° C.

Yot another type of apparatus was introduced by Dr.
Oudin and Andréoli in 1893. As one eclectrode a simple
form of glass vacumn tube was used, clectrical connection
being furnished by means of a sealed-in platinnm wire,
which in Andréoli's apparatus ran through the whole length
of the tube. The second electrode consistod of a sories of
equully spaced indented steel rings, surrounding the vacuum
tube, or a copper spiral coiled in the form of a helix round
the tube:; the whole unit being inserted in a glass tube
through which the current of air was passed. Gaiffe and
E. Chatelain at a later date modified Oudin and Andréoli's
apparatns by substituting a second annular vacuum tube in
place of the steel or copper olectrode by the former investi-
gators.

Sinall types of Oudin and Andréoli's machines were at
one time popular for medical work but have not been
developed for industrial purposes.

The Siemnens type of ozoniser was developed by Mrih-
lich and Erlwein, of S8iemens and Halske, to its prosent form,
which has proved to be eminently suitable for industrial
purposes.

The tubular form of the earlier form of apparatus was
preserved, but various modifications were made in the dis-
position of the electrodes.

For the internal tin-foil coated glass tube, a cylindrical
sluminium tube was substituted, maintained in position in
the outer tube (of glass), and separated from it by 15 mm.
by means of three ebonite spring plungers. As the other
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clectrode, Brodie's idea of nsing wader was adapted and pro-
vision was wade for circulation to ensure conhug, the east.
iron frame containing the ozouiser and water cradimg being
carefully enrthed.  The simallest technical unit contains twa
ozone fubes, the largest cight in the same water-canling
frante, which is pravided with n glass duspeetioan plate,
The operating voltage  varies hetween 4D and 10,000

volts.
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We have already discussed the results obtsined by
¥rlwein with this type of apparstus and will refer to the
technical applications in a subscquent section,

A similar type of apparatus has been developed by the
General Electric Company, but the somewhat choaper and
equally efficient cnamelied iron has been substituted for the
alwninius,

The Westinghouse Compeny in the CGivrard ozoniser sule
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gtitute oil for water as the external electrode, and utilise, as
in the early Brodic tube, a double dielectric system.
According to the investigations of Vosmaer, the economi-
cal production of high concentrations of ozone is realisable
in this type of apparatus.
Various other forms of tubular ozonisers have been the
subject of patent litcrature, a few of which, such as the
- e -
. ; E T A
0zonised

M

Glass
L

Metal

LKlworthy, Yarnold and (aiffe, have been sporadically de-
veloped for a short time by small companics, only to sink
again into oblivion. In Burope the only represcntation of
this type of ozoniser which may be said to have established
its footing industrially is that of SBiemons and Halske.

Plate Type Ozonisers—In the tubular typo of ozoniser,
owing to the disposition of the electrodes, it would appear



128 OZONY:

that the use of conding water s essential in arder to heep
the interpalar space nnd the inner eleetrode relatively eoal,
which, as we linve seen, is ase of the most bupatant faetors
in the ceanomie preduction of ozone, Sinee the themal
radintion aldninable from two parndlel plates s nineh groater
than in the tnlabnr form, where the raliation s pruetieally
confined ta the interpolar aren and to the extersmi sarface of
ane eleetrale, the provision of cooling water ¢ ned evantial
for efticient operation.  Althaugh Tetter results nre ol in.
able in well-designed ozonisers, where water couhing 5 nsed
in addition to the codling effected by the nir paveagze, v
with air-cooled plute ozasiners of the proper desipgn and with
the enhancad capital and rupning costs entaded i watir-
caoling devices, the cost of ozone producticn by esther
imethod is npproxnnately equal. Nevertholess, in those cuney,
usually exeeptional, where high ozone concentratonns or law
air current velocition are roquired, provision for water winld
appear desimble.  Modern plate form cgonisers have can.
" sequently doveloped on these two di timet b, o in
which air eoaling anly is utilised and thuse s which sapple-
mentary water conling is made use ol

Air-cooled Plate Qzonisers.  'The eatlier ozonisers of
this type, such ns those of Villun and Genin of Prépaignot,
and an experimental one of Ottao's, were not nowecess, sinee 1t
was found impossible to prevent a very considerable riwe in
temperature during contmuous operation, rsulting in s
serious loss of efficiency.

The first technical ozoniser which showed promise was
that of Andrénli, and possessed the great merits of siruplicity
of construction and uniformity in operatiun.
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Audréoli's ozoniser consisted of a series of serrated alu-
minimn plates separated from each other by a sheet of glass,
cn. 2 mn. thick, and an air gap. Iach platc had an arca of
306 x 305 cimns., and possessed 17,760 points formed by in-
dentation of the serrations. "These units were mounted in a
wooden hox ; provision was made for possible expansion and
contraction, and varions artifices were devised to ensure the
plates being inserted quite parallel with each other.

With an eight-plute ozoniser, operating with a voltage as
low as 3,300 volts, an energy conswnption of 550 watts could
casily be maintained, producing ca. 60 to 100 gms. of ozonc
per kw. hr., natnrally at very low concentrations. In his
later models Andréali Hkewise introduced water cooling, and
conld consequently elevate to applied voltage from 3,300 to
10,000, withont any undue rise in toinperature.

Experimental ozonisers of similar construction have been
designed by Vohr and Vosmaer but do not appear to have
heen developed for industrisl purposcs.  The only air-cooled
type plate ozoniser which appears to have outgrown the ex-
perisental state, and to be actually einployed in the various
industries, 1s that of the Ozonair Company.

This azoniser is extremely simple in construction and
efficient in operation.  "The electrodic discharge through the
glass diclectric plutes and air gap is facilitated by employing
flat sheets of metallic alumininm alloy gauze as elactrodo ma-
terial ; this possesscs the dual advantage of an even distribution
of puints over the whole electrode area, and of being practi-
cally resistant to corrosion or tarnishing. Cooling is effected
by the air current and concentrations up to 3, and, for
short periods, even 4 gms. of gzono per cubic motre may be
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abtained under condstioms of wetual aperntion wathout undne
elevation of the temperature. "Phe oporating vadtage is usu-
ally f000 at periodicities varyiing frong 2t H00, e 1w b
shown that at o concentrtion of 2 gme, per eulae metre the

outpmt mny exeeed 100 gms. per kw. hr.

Algsrsi, u
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Water-Conled Plate Ozonixers. Thie type of crotpacr
was developed chiofly by the early investymtions of Otto,
and subsequently by thewe of Marnger and Abeabnm ; ne a
result the Otto Marmiaer Abrahatn Ozoniser wis constructed,
which has found s Ly no menns insignifiennt sunber of in.
dustrinl applications, esprcinlly in France,

The unit consists of a pair of hollow dise elevtrodes with
perfectly plain facen which are protected by plates of the
diclectrie, in this case glass, some ¢ non. thoek  The inter.
polar air space through whieh the wir flows m o radial
direction varies from 18 ko I'S o in wudth Fach cheetende
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is cooled by running water, a broken fall providing against
short circuiting through the earth.
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Pra. 14,
The outer casing is made of earthenware, the air being
forced in at one end and emerging after oxonisation at the
other.

53

EanTH
Fra. 20.
The ozoniser operates successfully at a voltage of 30,000
to 40,000 volts, although voltages much lower than this can
naturally be craployed, 12,000 being quite normal.
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Otto intradneed for these mactsnes o simyde foem of
clectric safety valvo comisting of fwichoarn- Linpoal cietroles,
separaded by novaviable air gap asd plaved snoceorbos with the
OZONIsCL.

A aceidental rise o the operating volfase woald eagae
discharge (o take pluee acrces the wr gapewbon ity wl.
justed, nnd thus ohwviate any laenh adeasn an the di hoetrie
plates of the ozaniser.

Lebille spggested the tawe ol miea woa do boetrie i pdace
of glass plate in azostiners of thas typee, Tatt o practioe, vovinge
to the disintegration of this Logmatod aude il unfavonralile

results were obtained.



CHAPTER VIIT.

THF. CATALYTIC DECOMPOSIIION OF OZONE.

SiNce the quantity of ozone in equilibrium with atmospheric
oxygen at ordinary temperatures is, as we have scon, almost
vanishingly small, it follows that in ozonised oxygen or
azonised air conditions of unstuble equilibrivin obtain, and
the apparent stability of the ozone is due to the fact that the
equilibritun is “ frozen,” or the rate of decomposition of ozone
at these temperatures is almost negligible.  The rate of de-
canposition of the ozone in excess of the minute amount
presentatb the true equilibrium can be accelerated in a varicty
of ways, such as by the addition of catalytic materials, eithor
solid, liquid, or gaseous, by photo-chemical action, or by
purely thermal methods, by slightly elevating the temiperature.

The rate of decompasition of ozone has been the subject
of many investigations.  Shenstone in 1897 considered dry
azone to he extremely unstalile, and to undergo decomposi-
tion with extreme pidity. At o lator period, H. . Arm-
strong showed that, in the absence of oxides of uitrogen, the
rate of decomposition was sensibly lessened.

Juhn (** Zeit. Anorg. Chem.," 48. 260, 1906), at Nernst's
suggestion, conducted s series of experiments on the rato
of deconiposition with a view to clucidating the mechan-

ism of decomposition. The ozone molecule may undergo
(138)
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dmzompusit,iun in o varety of ways, e mdieatod tin 1o,
lowing copiations:
(3} 20 W
(ii) O, 0,40
() €, 4 O w0,
Jahn's experumental resnlts ajogpe ared toomds ate that thes 1ate
of decompusition cemld be formnlated an the espre »m
do(f Lr?
hf{r” h(( (0,
He consequently argued that the devompeeats on foll swed the
conrse indicuted hy equations Gy and oy, on the a wmypdids

that the first renction swis sapid and roves alde
O,z Oy 1+ 0,
and thoe second slow and jreevernibh

0, + O =- 20,

Perman and Greaves (0 Proc. Koy, Sl g, 807, 54, Hilsg
likowiso stated that the rate of decompositian was v raely
proportiunal to the ecncentratios of the exypen
ded 1) K
o1 1y

Chapman and Clark ¢ Trans, Clems, Bow,” g3, s, 10m)
and Chapunn and Jones { Trana [ 3g4, 2805, 1) subgeeted
the whide nutter to nn eahaastive exannnation, they shuwed
that Jubu's and Prrman’s mterp.etalnom wis pot correct nnd
that very rerious eerors due to the catalytic etfect oof the surs
fuce of the glass vessel vittated the accoraey of thear results,
These investigators found that the 1ate of docolnprsitinn was
proportional to the square of the concentrntion of the ozone
und indepundent of the oxyygiu pressure;
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or de 3(),,‘) .

= KC(0y):®
E. Weigert (““ Zeit. Phys. Chem.,”” 8o, 78, 1912), however,
obtained values corrcsponding to an order of decomposition
somewhat exceeding two in the dark.

The rate of decomposition is greatly accelerated by rise
in teinperature, being ahnost instantancous at 270° C. and
quite rapid at 100" C. This fact, namely, that the equilibrium
is not to be regarded as “frozen” until room teinperatures
are arrived at is, as we have seen, the factor militating against
the suceessful thermal production of ozone in contradistine-
tion to nitric oxide where the oquilibrium is practically
“frozen ™ at GO0° C,

The decomposition may likewise be accelerated by solid
catulytic agents such as the following :—

Ay, Cu, Co, Ni, Cr.0)5, Pb,0,, V,05 MnO,, 110,, ThO,,
Ce0y, U0, W,0,, BaO, CaO, Hg, Ni, I't, P4, V,
and powdered glass.

‘T'he catalytic activity of platinum black 18 extremely
great. Mnlder and v. d. Meulen (“ Ree. Trans. Chem. Pays.-
Bas." 1, 167) nud Warharg (" Berl. Akad., Ber.,” 1, 1900, 1176,
1901) noted the rapidity of decomposition of ozone rich gas
when pagsed over eold or warm platinum black, whilst Elstor
and (Yeitel ( Anu. der Physik " 2, 39, 321, 1800) and Well and
Kopp (" Jahresber. Chem.,” 270, 1889, 322, 1890) observed
the formation of ozone by passing oxygen over hot platinui,
indicating the reversibility of the catalytic activity of the
platinum.

In many cases the activity of these catalytic materials
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can be attriloted to the frrmation sad salee prent diecon
position of an mimtalde oxide or pereeade, e,
YA 4 O, == A O3 O, = A,

Manehot ¢ Ber.” 3o, 1310, 1t go, D91, 10070 and 42,
HOIR, JO0R), s n resalt of g oeaies of experments, odeanld
sunpe nteresting ressits with sibver s o eatadatie ot He
noted that pure slver was velatively atabde an e e s nee
of ozone, it leing neeessary to warm the et upe el o)
befure decomprention of the ozone swd tarnatnar of abog
uxide asenrsed,

A tenee of dran, wamdly cobtained from the osuory ey
employed for eleammyg the sdver, carves e an oot
entalyst projoater, stlver contnamg bat o aumate toaee of
iron reacts already ab norwal Banperatar s, al oo than
001 per cent.of ozone can be detectad oy theone an . Man
chot slades thut wlver thus prepased b ovan peae cnoine
thurt wleaholic tetrnmothyl base poper wud that the oz e
present i hed fanses can camly be doteetod

JooBuutt ¢ Proe. Hov, Boe [ By, 202 10 conaned
Clapnmn wind Junes” reaalts froms o datedead peant of vow,
He sowed thint s the case of catalytie deeojupo o st
gas-solid sirface, the rate of decomponitvm deporsd s e ihe
nuber of aflmioss of woons madeesde wth e cgrfaee oo
sury to effeet the raptare of the moleanls or roachion wath
the surfuee,

Culenlating the nnmber of collistony revsaary to et ot
the decomposition of ozone in the presenee of snetalbe mlver
from the muninmim area of slver e sary to effeet uck
ehuarge, e showed thut only 16 collissaps of an ozone mde
cule with the silver was nevessary, or practieslly cviry cols
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lision was effective. In the absence of any surface, i.c.in frce
space, Strutt concluded thut at 100° C. two molecules of ozone
must collide G x 10" times before a favourable collision re-
sulied.

The effect of various gases on the rate of decomposition
of uzone was likewise investigated by Chapman and Jones,
who showed that oxygen, nitrogen and carbon dioxide had
no e«ffect, whilst nitrogen dioxide and chlorine accelerated
the rate of decomposition. The influence of water vapour
was not very marked. Shenstone (“ Trans. Chem. 8oc.,” 71,
47, 1807) stated that water vapour did not retard the forma-
tion of vzone; but, as pointed out by Armstrong, Shenstone
probably included any nitrogen dioxide formed at the same
time in his ozone estimations. Warburg and Leithauser
("' Ann. der Physik,” 1V, 20, 757, 1906) {ound that the for-
mation of azone was retarded by water vapour whilst the rate
of desomposition was not affected. The specific influence of
water vapour in nceclerating the decomposition of ozono was,
however, noted by Warburg (' Sitzungs K. Akad. Wiss.,”
Berlin, 6i44, 1913) in the conrse of his investigations on the
phota-catilytic decomposition of ozone.

It may be concluded from these experiments, as well as
from the somoewhat seanty data collacted on the rato of
decomposition of ozone in solutions, that water vapour exerts
a slight yet distinct catalytic action. 'L'his is only to be ex-
peeted if it can be assumed that ozone is slightly acidic, since
when passed into strong alkslis it forms the somewhat un-
stable coloured ozonantes MHO,. In this case (sec Chapmnan
and Jones, * Trans. Chem. Soc.,” 208, 1811, 1911) an equili-
briuin is probably set up represented by the equation—
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SOH 4 200 "2 ebbn,

dHO, -= H O s 1
If the rate of deeomnpoatioar 1w the pac sner of suoa e g,
thus aceclerated by the TTO, g thon thee oo orvad pate of
decamypuosition will b

drify)

dt
where CLOH s very sl and W opoativddy sl congoned
e K

Hoth ¢ Manntshie £t 34, 665, 19178 syt ] thy o

N7y, s« RO @l

composition of azme moaerd cdatings, b howed thot the
rate of decompeeition i shnp v ads s aeoardy base coular
and in very wenh acds practically oo loubire, thee 1t
for sny aeid stroygth bemg dot rmneed Joothe o e
'{‘l:;:*’ -~ ROy 8 K,
by sutable choiee of thee valuee fiomg hoand B e adloary
conflicients,

The entalybie netivity of hebit an decong« sup vope wa
firat studicd by Hegoner o0 A der Phayak,” ae, 1o 18 1o,
who sheaved that dight of a ecroun save hoagthoan the uinng
violet portion of the speetrutn, viz s the region 008 80 pp,
exerbid o very narked deazonpang acten, and we have
already diseunwed the mterceting fact that Dbt of sleatsg
wave length exerbs w ozomng aetion

The reaction of kimeties of this o scion s s Liytate
by von Babr ¢ Ann der Phymk, g 88, 50 190 aud e
ally by Weyeert ¢ Zeat Uhiys Chen [ B0, Th, 1912 who
showed thiat with camplete abworption «f hght the reastion
velocity of decompomition was proportional to the ozane cone
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centrations.  On the athoer hand, under conditions of homo-
geneons ilhimination, when the emergent and entrant heams
are equally intense, conditions obtaining approximately in
very thiu gas filis, the reaction velocity was found to be pro-
portienal to the sqnare of the oxone concentration. Ifromn
Weigert's datn it mnay be calenlated that in his exporinents,
npproximately 100 molecules of ozone were decomposed por
quantum of light energy absorbed. 'We have alrcady noted
that the magnitude of the quantum Ay necessary to effect
nny given photo-chemicsl action increases as the required
energy inereases, and consequently the photo-chemical activity
of light 18 greatest ns we approach the extreme ultra-violet.
In the ense of the formmtion of ozone from oxygen we have
nleendy discngsed the effect of quanta of various magnitudes
an both the oxygen atom and moleculs; we would expect
tliat the maguitnde of the quantam necessary to dotach an
oxygen atom fromn an ozone molecule would be very sinall, on
aceount of its instability ; and again that the poriod of natural
vibrrtion of nn ozone molecule, which determines the absorb-
tive pawer for light of a definite wave length, would he larger
than thuat {or the smaller oxygen maleeule or atom.  Both
thase expeetations are fulfilled in the experimontal results
sinee deozanising leht oy o longer wave longth than that
effective in ozanisntion.  Photo-chemical equivalence, how.
ever, is et obtained as in the case of ozonisation. "The
nbworption of a quantum of light cnergy by the alrendy ex.
tremely nnstable ozono molecule canses it to explode with
considerasble viclenae, and, ns we have seen, tho energy liber-
ated during thi explosion is able to cause the primary and
seeondary decomposition of over 100 other molecules before
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the energy 35 dissiputed dntec the carpamdine v dosa, M,
Saltassh ¢ P, Phyvae, Soel” a9, 35300 190 mosad s the
altraevialet Hahit ar decsvanatson as the <onree of nue orm
the ozanised axyyen whiel serve s centrescod dovsanges ation,
Similur results were abtained Ly B Warlarry: ¢ Borline ALl
Sitzangsher,” a, GHL 19000 Heoddotaines! valin Tor thee
specifie phodoschemien] activiy dos fillingg o bl gaany e
with czanised oxyeen amd expo gt foopadimten for g
definite lengtls of tinee.

The speeifie pidtoschemieal setivity o wa ol oned froap

the ratior -

where Pois the cnery stosalasd from the bchit e 0wl o, the
ozane coseentrution before aand aftor easdiatean,
The rte of deazrasmntion wieocalendntod frogg the gl

Hhi;lm
ey ) '
o

Jo Tl eneruy inoge eulonices jor aeand

dAd gm

A Frenetion of Bight enersy sbealed  am

mo Cosseenteution of reaie i eell,

¢ A cell canrdant coreoetang for Qe pontan oo decutu g i,
tion af thue czone 1 the eedl

wm
Heneo by w Plog 6N« g,

*
and in the ubwenee of radation -
m’
Teog g
k ", R

He oltained the folliswang valnes for the speeific phote
chemien! activity with light of wave leagth A - 250 pu for
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Oxune i6 ¢ x 10°
Uxyoea . . . . . . . . . 0-253
Nitrogean . . . . . . . . 0976
Helinn . . . . . . . . . 1-520

Hautefenille and Chappuis (¢ C.R.," o1, 762, 1880) wcre the
first to notice the inhibiting effect of chlorine on the forma-
tion of «zone, which result wns confirmed by Shenstone and
Fvans (" J.(L8.." 73, 216, 1898). T'he work of Bodenstcin
and athers an the hydrogen chlorine combination leads one to
canchidie that clilorine is an aptical sensitiser for the decom-
pesition of wzone. . Weigart (¢ Zeit. Tlektrochem.,” 14,
M, 1908y clearly showed  that czone containing  small
quantitics of chlorine was rapidly decomposed by blue and
violet Heht, whilst pure azone is, as we have seen, only sensi-
tive to nltra-vialet radintion.  The rate of deconiposition was
frund to le proportional to the intensity of the light and
independent of the ozone concentration, Tt would appear
that the moleenles of chlorine absorb the smaller quanta of
langer wave length and are consequently endowed with an
exerni of kinetie encrgy equal in magnitude to the quantum
absrhed, By sulmequent collision with an ozone moleculo
this incroment of cnergy is transferred, cansing a rupture of
the azone molecule iito oxyuen.  'I'he chlorine molecule thus
serves 18 i conveyor of encrgy and makes the medium sensi-
tive ta this particular radistion frequency.
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Arpenaesross vo Fhaogiasse ooy

The Storilisativg of Wator by £ s The car peat o yea
ments un the mwie of azome s o rresode tor the topthiatpa
af water were paade by De Mirstens m Pranee (Pova,

e showed that even dilute azone ed wr wonld enfoet the
sterilisation of pothited watos, provided that st e cantact
between s nod Bguad wae effietad, A fos yoan lator e
stibgect wis reinvestignted by Froblich O Fleltrochen, Zoot [
44, 1890, of the firm of Biesnens and Halshe, whe cpoeted
a semidechnienl  experimental  plat at Martuoks afeld.
Ohmiiller and Prall (0 Arbest, Koo, Geopad” 808, 1 800,
the reguest of the Gennno Ciovernment, suvestigeted the
provess it great detas] and ws a pesnlt showed that azone
cnorgetically attacked lacterm in water from which any
excons of inert organie msttor had been previody removied.
Bufficient evidence ax o its practical ntibty wa» thus st
hand to warrant a closer examnination as 4o 4 sintshility for
municipal work.

Chamically, ozone is the idesl agenst for punfieation, smee
it beaves behind it nedhing fopapen o the treated water, with
the exception of oxygen, whieh . asta an the sormal acention

and greatly augents the palatabality of the water,
{(14H



INDUSTRIAL TSES OF OZONE 143+

For tectimical purposes, however, the important factors of
relialility and cost are all important.

As a result of Frohlich's experiments and the satisfactory
report of Ohmiiller and Prall, the firm of Siemens and Halske
developed their process of sterilisation with ozone, and large
plants were installed at Wiesbaden and Paderborn and at a
later date at St. Maur, Paris, and Petrograd.

Contemnporary with these developments, Tindal, Schneller
and Van Slean installod an ozone sterilisation plant at Oud-
shaorn in Holland which was subjected to a dotailed in-
vestigation by Van Frmengem on behalf of the Belgian
Board of Agricolture, and by Drs. Ogier, Roux and Repin
(“ Rev. Gen. des Seiences,” 596, 1896) for the municipality
af Paris, with the result that an ozone installation on T'indal
nud de Frise's systers was installed at 8t. Maur, Paris.  Af
n later date a combination of the Tindal-de Frise and
Siemoens. Halske systems was utilised by the Parisian muni-
cipnl authorities,

In 189K, Abraham and Marmier erected an installation at
Lille, and in 1904 an ozoue plant on Otto’s systom was sup-
plied to the municipality of Nice.

Smiall installations were likewise erected on Vosmaer's
nystem in Holland and at Philadelphia, U.8.A.

As a result of these developments at the presont time
there are in operation over fifty plants for the industrial
sterilisation of water by this means.

We have already given a brief description of the various
types of ozonisers developed for the purpose of the economical
production of ozonised air; the various installations naturally
differed in their methods of ensuring contact of the water
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with the ozonised air and in the prelmsnary treatiment of

the water,
Systems of Fusuring Intonads Contact Dolusen the 03 o

and Watcr, -1n the earber Swesnens and Haloke o tdlation,

b Wieshaden and aderlean, ozand od wr contamg: froan

24 to 3 gravunes of wzonte e enlde 1etre je od npwasds

—

Gaonesad 3‘ f g

Are 1
e n e —
Fin. d1

through a tower filled with broken flint and suct 0 doweo nd
ing current of water which had pratied  thrangl soughang
filters.

Fairly vatisfactory bacterml reduetion waw offected hy
this method, the count ranging from ¥ 1o 2 organians per
ce. afler azonisstion, and these orgamsiss wers of thee

resistant and harmless BB, subtilis types Seonomienlly,
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however, these contact towers left much to be desired, the
cost lieing about 2:75d. per 1000 gallons of water treated.

"The fundamental point to be considered in the design of
& contact tower, viz. the mtimate contact of every drop of
wiber witht the ozonised air, was clearly not realised in this
clementury type of tower. 1t is evident that every flint is
covered with a thin film of water into which the ozone can
ouly penctrate by diffusion.  Now the rate of diffusion of the
ozeme into the Hynid film is proportional to its partial pres.
sur in the gas above the film and approximately inverscly
propartional to the square root of its density.  L'hus, although
it is not o difticult matter to oxygenate water in this type of
tower by means of uir, sinee the partial pressure of oxygen
in air is about 20 per cent. of one atmosphere, yet in the
case of ozonised air containing 24 gms. per cubic motro
the partial pressure of ozone is only 1/1000 of an atmosphere
and its relative rate of diffusion only /%3, or three-quartors
that of axygen.  As a consequence, to ensure sterility, high
cuncentrations of ozone had to be employed and mnch ozone
wias lost at the top of the tower.

Prouble was also caused, ospecially at Wiesbaden, by
clogging «f the contact tower with precipitated ferric
hydroxide.  The water contained small quantities of {errous
salts up to 0°5 parts per million, which were precipitated on
oxidation ns forric hydroxide in the interstices of the quartz
packing.

Vosmaer states that by proper design of this type of
tower, relatively long and slender in proportion, storilisation
can be sccomplished by uzing an ozone concentration of
only 1 gramme per cubic metlr((;. and that complete removal
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of the ozane is effected Ty sueh a tower swhen e sl Jipnd
flow rabes e progesly adjisted s this a teaar 1 St an
dimsneter wnd 353 feet Tugh wiee shown eagedds o 1 ating
10000 aullons an honr, ane 3 tect daontor ot Phoiads dplaa
denlt. with 40,000 gallous jer hear,

1n the first plassts of “Tindal and e Frooe dodics pauod
niv wnd raw waler entered by sepesrate pape cat the o and
flowead inr the snme direetion throaeh the it pached tronar,
which was divided npe intiosegients by mean s o pofeaatod

metal oo celluloid plates.

—
ST i, A
y . PSS ——
J - . , £ - Walei
Ly vt pf i * -
..;fh;l u”»"';r""‘"“‘*-«.,_ i e PP R
e, L2

A conmidersble advanee on this joactiee W made by
Otto by the intraduction of an cgabafier for cusuong:
mnte mixture of ozonised ar snd water at the e of the-
tawer,  Theemulsifier is conatracted on the huvs of 5 Keorting
injector ar simple water vacimun puinp, the water suggind
under pregsure drawing in te azonised s undoer vacuom,
Net only was o very intimate poxtum: of the ozone nnd the
water offected by this means but by utidssing the vacuum
produced by the water stream the nocesaty for pamgang
ozonin air, which requres g ps of special canetiaction s
avoided.  Otto's installation ut Nice anelnded s vectional
contuct tower of cunent usmpg shmgle as pucking, suod



INDUSYTRIAL USKES GF O40NR 147

aperated by menns of these emulsifiers.  The plant is
capidde of dealur with 3,000,000 gallons per day.

In the (Fonwmr System, which has been snccesstully
developed fuy nstallsbians of capacity from 1000 to 2000
#allons per lour, the azomsed air is drawi into an injector
by the pre nnre of the water which is of the order of about
tweeatinospdiere o s tharanghily einulsified by the injector
and paose amteon sterili g tnnk which is so proportioned as
teegave aoeentuet of shont 80 minstes. The concentration of
czeae sed B frosn 2 ta 3 gans, per cubic metre produced in
thee standard tyjee of azonisers (see p. 1249).

The greatest cconamy in the utilisation of ozone was
etteeted by de Frise, who intreduced o cyclic systom at the
St Manr widerwarks, where it operated with groat success.

N dagrammatic sketeh of De Frise's system is shown
Tahrow,

E 4 b& : T T AL L :"m
r-.-n-
_ (,:‘... . e i\

| SIFNE NN

Tl wzona cunpaessor draws the ozonised sir from the
azemssers nnd forees 1t into the plate sterilising tower ; from
the top of the stenlwer the sir roturns to the ozonisers,
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passing an it s way throngh woscpenator and o devor i whiseh
it comes in contnet with eateminn eldorade  whin it e widid iy
hot weather. A sl anetion valve v the bt of the
separneor ndogts fresh am tamabe ape oo the las 1hy ogph
mhaarption by the stershaed water Fhe sdonhanes tower o,
coustructed  an the rectionsl v tenn deange Janlt up o
engnelled iran sectioms 20 D he b ad 3 o Cae g 1oy,
eneh secticn (Chere Tostpe 30 soetion s o the Lavcae fogpe
separated fram the other chy petfor ol (it

With & ratia of ozonbod ar e water of Laee B tive,
KB per cent. removul of the ozaw o ctieeted o thes tawey
nystenn, the sesidue besg poturned after deying tathe cpune
iscrs.

Predreatment of the Watir  Baner aert areanae wdier
s readily oxidired by ozone to enrbuns dioxide mand wator, 1n
order to exercise every posstble scapunmy i the utih ation o
ozone, it 8 necosarry to suabjeet palliuted wators to same fam
of prefiminary purifieation.

The enrher indullations at Wierhdon and Fol ddoan
were cquipped with sitaple romghing Gt es with ool pebbile
as fillration medium, throngh which the water pacasd at
relatively Iugh speeds.  In the Juter plants, whore st wan
realised that the eost of poving orgune mattor by ovda.
tion with ozone was higher than by the nsaal sacthods of
sedimentation and filtration, more attention was puod to the
pro-trentmont of the water, and the ozons was utiheed neroly
to remove the lnst acs of organic matber and ensure sten.
lising of the water, conditions unobtanable by any nethad
of sedunentation amd filtration « xeept 8L produbative conts.

In the Otto mmtallstion st Nico sand filteation alonn s
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emplnyed as pre-treatment. At Ginnekin, in 1Tolland, the
Mnrk water is snljueted to gravel filtention, followed by a
satd filter. At Ondshoarn the Rhine water is passed through
sedimentation tasing nnd sand filters prior to sterilisation.
At St Maar, ary, seditnentation basins in conjunction with
gravel arel sumd filters are utilised for the Marne water,
whilat 4t Petragrad the Neva water, which is subjected to
very weraats pedlution and lable to contain pathogenic or-
ganisiie, 35 passed thyough o lattery of niechanical filters
usiey sl vs cangoalaat prior ta the ozone treatment.

Fror the sterilisation of nydand waters which are subjocted
tro peanchie or coanad polltion sneh precdtrentment is genaor-
wlly nnnees sary, especially in thase enses where adequate
darage is proavided Ty means of impausiding reservoirs which
act s scdinentation basins of large eapueity.  l6xceptions,
beowever, upe {0 bee fotsid when the upland water is dorived
froon no g aty ar reecntly flooded waterslied, where, during
thesunaner neaths, the quantity of oxidisable organic matter
m the water sitffers s copsidernble mugmentation and neces-
situte s i correspondingly ineressed dusnge of ozone.

For the freatment of river supplies which are already
polluted, and with the growth of the riparian popnlntion wre
bevonng meressingdy eontunimbed in orgasic matter, some
farm of pre trentisoens) b e censary, asid it must be ciophasised
that the utility of ozane in the present stuges of its industrial
nstifactiore i st asrked when it is employed ag a finisher
ar wte plising agent for waters which are already good enough
but net sale engh for public supplies, rather than when at-
temqts are mnde to parify highly contaminated stroanis.
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The cliange s oappewranes of many watar S ooao g
tion is frequently very anbane i bgad b v 0 pananng
of trnecs of codianed v ante congeoret and Totle oyt oy
and rxypenation oiboted dans o the o L ETER PR
palluted vver waters, whieh ath sl coar e o0 o
sgand filtration, wre breawrior pec s Bbr v oo it and
generally flat and seaped, afbor v s b w1 L 4 s
bright and spukhngg poneratdy o b g o ot
bluish tat.

The physeal elima s weeanpanied by chon 4l
changn v b o sntked sl e tenn e 0 gy e
thits the ans oo consinned Bensc s bopanod 1 b oy
sl persmnganate andor cndad condd o L un
60" Coanoaerd solution, pvowndy sedveed fnoa, W o ey

cent., a1 isdieated by the fdlawan hy .

‘
% £3p ggem Coms sww § 7 yee
I Slurd pov Toodu
Tustallatyn, ¥ £ v
Hef e Ve,
i Tree st on? Joe T suvd
|
; Nuo . 14 Lo i Y
| Berne | IR Y ol Yand oy ecw
Bg. Maur . R ¥3 ! I3 PP o
| [EREE VIR ¢ § )
| Phinddipha Begrt et Yoty
t seade 4 a0

The quasttsty of orgunie mattor oxehi od by e asone 5o
dieated by the differenee sn the axypen cananacd §uns
natnrally varien with the threese factors, e nuture of the
orgaatie matter, . caneentoabion of the vrons | and the tine
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af contact hetween the ozone and the water. Thus 8. Rideal
(J. Hoy. S, Inst,” 30, 32, 1909) found at St. Maur tho
following distrilimtion of the ozaue at two different gas con-
centrutiuns: -

€ qn w5 Culae Meire, io
Viuterog air . . . . . . . 168 265

Paterag wab v . . . . . . OGTY 1071
1S cngatns cuter L agr . . . . O B v 0291
15 raprag o eouteom m the waber . . . 0048 0-162
U od s expdi sag ergaade imatter . . . 0494 0618

(s, Fer Cul. Melre.
Oxpren et apees) fur tho  wabar  untreated

(frow aved WMao, b GO*C) . . 173 112
Gixy e sracanun g for o thee water  brentod
Hoan aoal IiMnO at 66 () . . P 511 061

Dicrana: -(-;';S. —(;_g—ln
2L - 487
Drariig the @ experinents it was noticed that the dissolved
szope left in the water after it left the ozonising colunn dis-
sppeared wfter a few bonrs, and it seemed probable that
oxihttion of the mare resistant organic matter was still pro-
eecdiig, This wits confisined by the determioation of the
axypen eanstitaed figares from thnoe to tine,
Twe typien] tests giving the following results -~

Oryyen Constred Ghus.
I'er Cubic Matre.

Filteroad water . . . . . . 178 1-1%
Mser naonlaniton . . ' . . 126 061
Vigs hour Jatar . . . . . . 140 0068
Two lours later . . . . . . 090 061

A varnmponchng decrease in tho free and albuminoid
aminuiia takes place simultancously with the reduction in
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the oxygen consned figasres, ws v showa fron the save e

tions of Van dor Sleen os the Sopne water s

Fof tp 4903ty vt g1
Freo ame oo . . . . ol P IS
a 't [T

Alaceeteendd 0y dm wm

As in the ecnse of the aetime sty e the water, n
marke d reduaetion in the psber of et rin tdo pdaes In
comison with other gertdeides azouge s hoctinem it achion
o3 snierosoritiag +, cortain oranbane lodng pae nor tant
than athers ta its action, It happong that pathaerne
arganising which are slrendy enfecblod v thir nnent il e
enviroment are Gwily destrovad, swhald the pan pathoe e
sporing ervanisi, siach wa Bl are frequently fosedan
ozonised waters CFhiv point was fully sone ety desd by ()
in his experiments on thy treatiead of the Sane snd Vannel
watbers,

He whowed that all pathoge me rrgnnssnes and the folloa.
ing common bacterin whieh he paalated were papelly renenod
theso included B fluoreseons Hgudnerns, Boooh, B oo,
B. protens vulgarm, B. prodigoss siel Aspe riallan ngener,
More resistant were Bo subitshis, B lutous sd Bhaocithum
glaucuns, which (nly snceminbed to prolonged trestient wdb

ozone.
amlette showsed that Lally mstallntion offeeted an ave rape

reduction in the bact il pollation of the wats ¢ from 2HiKNG
per c.e. i the untreated water ta 10 c.ein the treated wader ;
these lattor were fumnd to conwst entirely of the 13 sulitslis
type.  These conclusions were confirmed by 8 Wudesl 1 Jas
investigations on the Siemens-de Friee plant at 8t Mayr
In the filtered water, prior to ozonisation, I3 coli was usially
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prosent in 40 e, of water nnd oceasionally in 20 c.c., whilst
it wit, never found 1 the trnted water.  The 20 c.c. count
was wdneed froa annverage of 74 to 141 per c.c., which were
frand ta do rpereduonring orgnnising of 3. subtilis type.
Wislst peanifieatiom ean he offected hy the consumption of
o gran of e per culde metre of water, the ozone
¢ arannptieda per enhie metre of water naturally varies with
the quabity of the water to e treated, the cconomic limit
njpie are 1o bein the neghbonrhood of 2 gins. 0zone per cubic
mic tre o water, I, by preliminary testing with permanganate,
iy fonnd that more than this quantity would be required
Han ronpe foem of prebminary  trentinent is essential for

Feayane o ratiod

The I'urification of Air.

Sessral typos of appmratus have bheen designed for tho
the panfirntion of wir in confined spaces, such as theatres,
Joo tin e hialdle, winsgphiter honses, tanseries and breweries, whilst
exteaded 1o nd vgomsed adr s been made npon the Central
Lonidun Houlway wystoms nnd pablic lavatories,

AMthougde the ity of the motor drivers on the
Vaordoon Tl during the recent epidemies of influenza has
b vemewhat romarkable 1t is mors probable that this must
Lo attpdarted to the uniformity of temperature and to the
cenlation of the arr rather than to any specific action of the
uzone e the e,

Tl evdence for the apeeific utility of ozono as a meats
of gaarifyusp s sosomewhat canflicting.

Prewar and MeKendnck ¢ Pogg. Annl 182, 329, 1874)
showed that by the inhalation of strongly ozonised sir the
froquency of pulsation of the heart is lowered very consider-
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ahly, the lood tempersture anbs fron 5 1o, and pet
mosten exapunntioar <lowed that the Waod Lod daeesne
vesonus i appenrance. Thenard 000 107 82, 147 176G, and
Biny ¢ Med. €0 BL 20, 721, Pasdy cantirned the « o rvae
tions of Dewar's.  Selmltz 7 Arveh f Foageer, Path o 1y
20, 305, 180 recards severs] canes of el ped canng by
ozonue. Jordanand Carleen 700 Anper Mod v ae o, Tauy,
1913 confirtned the deadorant setion of ozane o oar bogg
shawed tht g hefoge the coneratentiear s poched tles
necessary for germiendn] action mjury was ecau od tothe g
pirntory triet.

The Iewest ecmeentrations of azene s s whieh ean
exert nodefinte dpanfiecting et (Sebializ, " Zost t Hs oo
T, B0 3wt de Chrstina, " Ann o de Tt 1o toae) g, 604,
IR appears to e the noghlogrheaod of T8 s0m per
litre,  With sueh caneontrations tenbaticn ean goanliy e
effeeted in pir, but the presencre of biege quantitees of memtare
lowers its gormseidn] activity Vecardng,: too Labbt aad
Oadin (CRLY 13, 131 1891 the Ioghs ot v enty oy
which may be sthaled wathant dedeterons eiferct e approsa.
mately -1 to 0°12 g per hitre

They state that bensfiem! peanlts obtmg by the inlalation
of azomsed air of thas concentiation, w urked seveame s the
oxyhwimaglahin cantaet of the blood takag place nfter un
mterval of frong ten to fifteots wstes,

It i therefore evident that there s o question of
gernicidal activity in ozonmed air of concentrmbions suitabde
for respiration,  As o powerful aodant it danbthes removey

CLeotingd Joll and Finek ¢ Proc Hov, o B By, #0% 1911 stake & ata
coeetitraten of 1o 10h of sgeme puodus cxsrrdalg s f e resgarab ey toaed,
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sndb traees of hydregren sulphide and other impnrities in air,
winh ¢ the updeasant siells wssoeinted with erowded places
are e nalde to treatinent with oxidising agents such as
azeae. T sanewhat remarkadde that nost odoriferons sub.
stanec i cantun ausatorated valeneles and ws snch would
maturally bee attached by menns of azane. The odonr of ozone
it Of whon very diliste is iy no menns anplensant and thus
prosules o cramder peeitant ta the afwetory organs, nmatter
uf jevehdeseal nnpartyneaal of no physidlagiond significance.

The e ad vzone even in dilutions of 0°1] to 0°12 mgm.
por htee haoo frequently leen candemned on necount of its
oo dophybaeen] wetivity, m o niny enses errancously,
mes, unk o the sl preentions sach ws drying the air and
the avaedanee of paarking ave taken in the preparation of the
vaa od air, oxide s af mtrearen are Iidle e bo formed which
beve s osteems by Tagh phiy dologieal activity even in extreme
dilitrars, Sebwarg and Muoschmeyer (“Zuite £ Infekt,
Roankl,' 78, 1, 19153 ivestigated in great detail the de-
wdirn sy acteat of wnall conecptrations of ozone in air ; they
cdes raod that bvdropen salphade was rapidly oxidised, sulphur
doseh dawly eomverted fa silphire anhydride, whilst the
miepmaptan-, hatol, sl nedd swere axidiked  to soiowhat
pleseant vne e ubo e,

Carbaap sponoxpie was bt slowly cidised whilst assmnonie
wan et athctod  Frankha 1V Dnl Congress on Schiool
Ha g, 1010 and Hcsenfidd and PFgiding (* Zeit. Anorg.
Clom ' B8, 217, 19 1 eeafirined these observers” results on
the action of vaae a bydrogen salphide. ‘This reaction
wir vtudied e detml by Riesenfeld, und it was found that
pandation tukes plae theough s series of intermediate com-
ponnda neording to the fullvwing schume:—
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Chygas adypdide . g late

Sulpdade == thacanlplats £
spedv et
-» dithicarte == walpdioste |
Althaaeeh the sorpnedsd seosats o szote o u nire
winel exert piomjoriar et on the o paat oo g
pracheadly nedisnlde, yern Boe s bann b Tndde o o
wtertisatiom g« fteeted Ty o2 oo o s, o ol 1o
duetion s oldmmed mothe ot md oo of the v sl L hoe
netundly josacd thiouphthe ozan or, Thicun vl bl Gleen
relntively stromely ceoaad andoodgp cted 1o e o aoh
radustionnin the czeagser s practeally tenie, ied a conmepi it
improsesent i the laeternd podlation of s sledolon boon
adsmined with this geirer e s paturadly oypectnd and au
fact abtained.  The largest oy dem of wir punioaten s
measts of azone in that of the Ceatral Toadon Radsway wlach
in equipped with ar servens, wasbara, gud vrongeers of the
Ozonr tvpe. The total air upply troated for i nantem
being of the apder o bty mdbon ofdae fatpeor day The
gvernge caneentration of ozane 1 the Tabes ney s of the ocder
of rme part 11 two anlbions (130 g pervules mctee shach,
under sprecial cirenmstances, st sowtatod that 31 woinere akod ta
five parts por sulhion 112 mpnr peor culae g}

The installation on tee Conteal London Radway was o
suceessinl i operntiar thnt the system of ventdatyon b bnen
uxtended to practically «very other London *Paln,

Suryical and Therapoutc Usen of Ocom,

During the period of the war sinall portable ogonssers
have been in use mommny of the imbtary hospitals of {he
nations for the treatment of wounds.  Major Stokex, of the
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Queen Alexandra Military Hospital (“Lancet,” 1918), de-
scribes the following method of wound sterilisation which
appears to have given excellent results. Wounds and sinuses
are washed twice daily with boiled water and a dressing of
oxy gauze is applied. The ozone (ozonised air) is applied on
the wounded surface or on to the cavities and sinuses twice
daily for a maximum time of fifteen minutes or until the sur-
face becomes glazed. At first ozone causes an increase of the
discharge of pus, which is gradually replaced by clear serum.
The serumn at a still later stage becomes coloured reddish or
purplish. It was found that ozonised air applied in this way
was a strong stimulant, and increased the flow of blood to the
affected part, that it was a germicide and exerted great powers
in the formation of oxyhmmoglobin. A record of seventy-
nine cases 80 treated is given, in which the period of treat-
ment varied from a few days to three months and was in
practically all cases completely successful.

Curle (‘‘ Practitioner,” 864, 1912) describes the application
of ozonised air to the liberation of iodine in the lungs for the
treatment of phthisis. Potassium iodide is introduced into
the lungs by ionisation, and the iodine is subsequently liber-
ated by the inhalation of ozonised air. For disinfection of
the intestinal canal in cases of enteritis and dysenteries,
Lessing (‘ Liancet,” Nov., 1913) records the improvement
obtained by washing out the intestinal canal with ozonised
water. The treatment of ulcers and pyorrhcea of the teeth has
been successfully accomplished with ozonised air. Ozonised
medicaments and ointments, such as vaseline, have been stated
to possess a superior curative value to those not so treated.
Ozone appears to be slightly soluble in these semi.fluid
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bydraencloan, and wonld natuy dls s the e ot
pernnendd gty hadeanadts 0 not v e 0 e
extont of the cdulalty of e v oei S a0 s,
or lieew dange the sads s 1ot um sy s o 1 4 1t
to dmsalved czesp o oo the e one e y s

Al alrcwly be anvntae U the s e 0 o |
i toaulatingt the productom £ ahor, T by by
sieecs fnfly utsh od g the bt gt o o0 wnon gy,
whibet ste wpgdie dsan i case whoro 11 3 Wb g0 e
asvges whbieaded an the 3 o, addoy an s thana o1 hoant

wenkniosn, 1s tob withant be e it

Apploatiwns for Bloadd cnyg 4 oorpe

Honzews (“C T " 9g, (0,172 and 1ol Yo OOl Ha,
HAT, 1870 hoewed thiat dilute cevanesd g p o ol
commean with chlonme and Toomnne the paoquerty of o doctnedy
oxuliming the eodrainmg mstiors prooont m v aionuy wotaral
substubees,  Ozaape ypears tabs oven mtn s fcac s thian
cither chlovns or bronnpe, ance uot audy 1 e daronr of
formur cadonrod subontntoar ddor o ar Ta i dorn sline s
avonded, Tt the ssadisingg power of oz pse v oveecd it
of chlorise or lronune, For thie raneen only veny dalute
caneentrations of nzom may be utilae d for Bloaclhn, putposes
and snny unsucecossful results nre dircctly sttpbutable ta the
employmient of wir eelutively highly vzonmwed

Fibres
Liven and enttan goods are slowly attacked Ly azone
' Kell. Bull 8oc. Ind Mullvmse,” 38, 94, 18651, and accoupd-
ing to Witz (" Bull. Soc, Houen,”™ as, 15, 18y, i the
presenee of momture, oxycellulose w formed.  ‘The subject
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was reinvestigated by Canningham and Dorée (“J.C.8."
103, 1447, 92 emploving high coneentrations of ozonised
exyvigen W o 0o cms ey enbic metre). They showed that
aneayedlnlers wnd eellndesws peraxide aceampanied by o de-
sttty of the idee wiere praduced with the liberation of
earfam dioxde,

U nbloawehe d sanples of catton became white in froin one to
two heatrs, bt wlen desed the fihire was fonnd tendered and
duasty.  Jute fiteos we re hikewise rapidly blenched, but became
wetd and tender when sndge eted to n similur treatment for a
few heors, Pl eollnlose peroxide affected o photographic
plate unnd po seadd axadining praperties snch as the liberation
af feshtie frony potassnun odide.  In the presence of water
Lydrosn peroxele was furmed. In genersl the action of
rone tm celludos elonely resembles that of sminoninm per-
sulpdinte O Itz Chens Zeat [ gx, 883, 1907 2 J. Prekt. Chem.,”
78, 0L 140y, nad wath wore dilute concentrations of ozonised
mr Lleaclung withast snlwequent tendering might be ob-
tusrn o,

The ajgdiention of azanised nir to the conditioning of tex-
talee muates il otated to be entirely successful ;. exceodingly
dilute caneentrations of ozansed air are essnployed, and under
mntable crgaditens of humidity the period of conditioning
wnn bae vedue d from seversl months o a fow days.

thls, Futs, and Wazes.

The appheatious of the use of ozona in the oil, fat, and
was industries are very considernble, the reagent being useful
for & great diversity of purposes.  Amgonget the more im.
purtant of theme way be mentioned @ —
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2. Blenchme and oty of ol vand £90 hrus ot

sonp sedntry.

-~ f
p -
4 i ' :.‘l
::{.”{”
ey
' i .
('( ! o g [

i
LT % e BB, it N .&:;m‘é

Yeindidionad uibtbds & ot 8- 5 08 linvdy ermabegervry Vewsvesravan v 4
§# serwd w !
y ) m{:”(

1r
-

A Ar Clransr f Cygonw Garsealary
8 Elactecatty dvwns Blower fe Thar dgemer
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D A Cauting Mas ey I Ragm Prpo

K Eresireg Mabac 3 tiagnm tngmesgen

£ Cold Air Dslvuiy tige [ S TN % P ]

Yz 2.

3. Bleaching of oils for puint and varmsh nakag.

4. Bleaching and refining of waxes for ume an the manu
facture of candles, polishes, and sintments,

In the above sketch is given o disgratinatic arrange-
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ment of a Meaching plant on the Ozonair system. The
temperatures ut which selective oxidation of the colouring
matter ar ohjectionnlide adoriferous substances in the oil, fat,
or wax rasmences, the concentration of ozone, and the period
of ntion santurally vary with the naturo of the substance
tronted and the degree of refining required.  Generally a fairly
dilute ceneentration of ozane at not too elevated temperatures
passead thyough the materinl for a relutively long time gives
the boat results. In cortnin cnses it is found advantageous
to add siuall quantities of catalytic materials, such as salts
af manganese, vanadinm, or cerinm, to accelerato the process
of axadation,

The applicution of ozonised air to the bleaching and
deadarisation of oils, {ate, sud waxes is well exemplified by
the follewing hst Giee pp. W2, 163), in which & summary is
given of the offect of dilute ozonived air on various com-
mereml proslucts,

Applicatyn to the Paint and Varnish Industry.

A4 hinw alrendy been obscrvad all tho industrial oils and
waxes rendily nndergo partinl or enmplete deodorisation by
fraetional axidation of the colonred chlorophyllic eonstituents
nhilismg oxomsed mre ag oxidising agent,  For the production
of elear and transparent varnishes this i s matter of some
techinenl nuaportance, nnd the use of ozone for this purposc has
bewn frequently suggestord,

1t would appear that the use of ozonised air as a substitute
for wiccatives in the preparation of drying oils is already
sut of the exprimentsl state. It has long been known that
the drving of mls is a process of slow oxidation and poly-
werisation (soe Lappert, Zeiti i&ngnw. Chem.,” 11, 412, 1895;
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Weger, © Chent Reve Pat Hae Ind )" o4 8L TS0 A
Centhe  Zots Anpoew, Cl 3, 2000 1006wl o
patel the process it det ulo-bowed that the sct onowas anta
etnlvtic i character, or that the rate of angdaton of the o
after a tite whe s nguantity o+ ha Dalresady beosnsoudn d was
given by the equation 'f;; ~ Ko rdii s whers aand b
werr the initinl ronrentreations of hoood el and catalyat
orgnally jrewent. Father oxperianonts 100 300 Bnoler
and Wepzhneg, © Chemn Zieat [ ag, 116 1405 Jheaaod thit
the catalytic matenal natursly foraed wan wope forng of
unatable peroxide whieh necelerate d thie uxadation of e il
by wir.

This unstable perovsde conld be sapploagoato] or oo plaedd
by other puroxides of a snular charncter, such as thawe e
tnined on the exposun: of turpentine Gy the mr or vven by
the ngitation of an vlther ar sustare Thewe perosides pes
destroyed by boiling the wl but can be regenorated Ly arra.
tion. (For a conmderation of the comparation of  th se
peroxides formed i the deying of baweed ol wer Oplofl 0,
Rusw, Phys. Chemy, Sor 5 g2, 655, 1Yy, Fahron {5 Zent
Angew. Chem.” 23, 724, 10), Balway and Kipping
ALK, s, 166, 1R, and uthers.)

T'he addition of siceatives, sich g« aalts of juad, miaopganese
zine, froquently with the addition of cetbam promaotors as
cobnlt, vanadinm, ceriwm, and aranimn is now common
practice. The wsalts are either thow of weak acids such ns
the borates, or of soluble erganic acida and oleates, hinaleates,
or resinates (ser Togle, 3 CH Ind,)” 454, 117, The
siceatives are pseudo-catalytic in behaviour, and suve W
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statadive v aeoa o 0 the formation of the auto-catalytic per-
oxide,

Llenties] rosults are abtadned with the nse of ozonised
air, the cals ean be ensily thickened and the process conducted
at weh leever temperaturcs. Linseed, chinese wood, poppy
secd, eupe, and smnlur ails, rapidly thicken at comparatively
low temperatures (upwards of 35" C,), nnd at tho same time
thar eodvr s el unproved by seleetive oxidation of the
ealcatred copntitnent Blenching ssially proceeds anterior
tee the tlackenmg proeows, consequently an improvment in
eolonr juiay b obtaned without drying the oil.

Lisiserd el nimy aenddy be thickened to s syrup or to a
iy for the nesmfacture of lindeuni; Chinese wood oil
Itks sinee rapidiy nndergors nxidation, whilst poppy-seed and
rigre sy thicken leas readily than linssed oil.  The utilisation
of rzontpasd mir 1 the oxidtion of huseed oils has naturally
Ineir oxtends d froan the sample preparation of drying oil to
the drying of the al s its various technienl applications,
sach wchned i mansfaeture, the preparation of waterproof
mintenals, fh o thne, snd ather sunilae snasfactures,

t3-ane ¥n the Fomo Chomical Tndustries.

Phie uxsiation of organie substances by means of ozone has
bwen the sulgect of ntmerous investigators.  Carbon monoxide
is renshily uxidined ta earbon dioxide in the presence of moisture
Wlansann, * C.R' 1go, 1382, 1910), but only slowly when
the gases ate dry (Romson, ** Der,” 8, 1414, 1875). Alde-
hydes are readily oxulised to aleohols i iodobenzene to iodoso
benzene winlat the saturated hydrocnrbons themselves are
readily sttacked at low temperstures. Thus, methane is
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formadde hyde wed fovmne e T Fo o~ Ry, Inld,
PO b shown that yedu 1ot b e v
atoann tahes phue, the corprepeenibin e wl ddod L 0t ed
which i then eaadid 1 opagadns 1o the we e tabde sldo g

senl Subecuently b ccdit w vt b pr o o

S15]
Lol e CHOM. 0 H t Jteefd
i
B { 11§
0ol .t agull
3

Harrwe AR goa hh, 18I g g e thal o idalien
procecds thicish the mtegge oy fornition of usst b
peroxples, e C CHOH < € CH O O sl n * throueh
non bed of unstidde Indronshations s postadatc iy Prapeuan

Ozone m Bl tiany appicsbons s s sedin agent
i the fine chemaen! adastracs, Tt ban bocn sucee falfy
esploved for the proparatinon of soveral santhotn poddunson,
sieh as the sacthyl ether of pyvres e chal 3 bde orml L,
paperonal dechotrapes, sl spece abdoloade | the magudae tur
of vantin bensg nevospphshed oy sy baree scdde i Pratiose,
Arserien, atid m this country

Vanulhin s prepared Gom cuenal aceording Cotdae £ Hon
my seheme

G, 1, CH o~ CHLCH 1)
| i f
( " (\ -7 | ¢ CHLCTIO
. CeocH, OCH, a\/('nt'n,
Ol Ol
18111

Eayp). Yot goned Vansios,
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the tsnzrued Jeing andicd by ozone to vanillin and
acc tibdelivsde by vapanr of the dashide hond.

Aeconbin st Trlla the proces is amducted as follows :
Fawonad gy canverted e dseeuyenol by treatinent with
eustie pots beand syl aleahed, from which solation it is
Lo rabeed by cddpdingie wend,

At 20 Bt af 1 aomtenal are dissolved i acetie aeid
wel subpeted o aenrrent of azonined air (2 to 25 gms,
prrenbae e tred for a pueriad of six bhours sl s low teporature
(e 2 O, an an s nseel-lped vessel fitted with o tull recti-
featson cojumin. When the ovidation to the aldehyde is
eonpde ted the e senl s removed by distillation, other and
whiam houiplate sy adds doad the salution wiremed to 30" C.
The basslpdate aldehole ciangesmd i washed with cther
decanp wd wath s iphure newd, and the vanillin finally ex-
tineled wyth other

Inoa awJdour wmanner heltropin i prepared from safrol
ace tdding e B the vouationa

I ciy o, ol CHLCHE

| ; CHO
=)0
) ) . \()\ ,
o W oy CHL 0, O,
hyle & I oaafrod Fiporomad (hedicdmpin),

The safgol v cmverted anto smosafeol by hesting with an
slesdiol ardution of eanstie potasly, {rom which it is subse-
quentiy oxtractad by means of vther.  For treatmont with
upame (as i the rase of poetgenal) it is dissolved in acetic
acid, from whach the Lehotropin 18 recovered in like manner,



[T niusd

Anisuldehyde enn be prepured snono vuaher st r 1y thae

oxidution «f wtncthnl

1 CcH.cH, ti ol CH CHu
= ”~
o sl
O N L
OCH, TSI Y| O,

Attiaspts Jave adso bern gnnde to sl o2 a0 b the
oxidution of amihne o anilme Jack and the Jogea bas of
various dyes, such as digo, to the coloareddye otatts, but do
sob wppent to bave reaaved any extonmise bochtioal appiics.
tion.

For nnalytioal puarposes i orgnnie olo tistry vsone poerity
seane attention, sines by the preparation of szanedoe and ther
subsoguent decotnposition the structure of varron compls x
compounds containsny vthylene hnksgon ks bieon eJio ot d

The investigations of Harnes ¢ Ber 1 g9, 804, 54,2, 2708,
431, 1904, vt sey) and hiw cosworkers, buve been the ot
remarkable in this direction  Unnaturated componnde are

ruptured at the double bond and converted anto midohiydes
and ketanes.,

In the abuence of water, however, a dircet sddstvm of
ozone Lo the double bond oecurs with thy forimatnn of
OZORI LR

U >, U

o
O O

which on the subsequent addition of water undergo decum.
position to ketones und hydrogen peroxide—
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-
cHa 0 00 Cat 10,

The sgcande sare o donrle o, vivad, oy suhstunees, highly
caphomne nged pove < pencteating o,

In et voth ozeane they atfect a photomplic plate,
attrihnt ddse b the chemtbmunoecnes produccd an oxida-
1on o f crpoune neattor by neean s of azone e pp- B, 1049,

The woade chebones ble pawertal oxsdraoy apents the-
pelacn, nlars ot porosudies i chesggend Lehavionr i that
the s Baoachsndieo Lisenate 1 el fraan potisanny indide and
react wotl potas cam prontaan aanate

Henee e treronpde of apalenzene, pedated by Henard, is
porehitandy abable wabitaneon, ewaly produeed by passing
aaanp o nrsnt diy Lowrene, frag which iU s preeipitnted
w4 pelatinone g aphotts product 1 explodey somewhat
viudontly on the addiian of warng water,

o naead, ol when disiadved s aoddie acid (Haeries
and Thaowee, ” Ter [ gy 2%, 11 19005, or when teoated with
vron «d urwithoat 4 ealvent (Mobnan and Someins, ** Ber,,”
3 s, b P £ oo sonaal nzenede In chlorofurs
four atown of ovygu are Liken up o o s owonide per-
uxpde

By analysie of the produdcta of decomposition the position
of the utsaturated hnkage s obee sod was estallisbied be-
tween te atcann U, mnd £, thus giving oloie acud the structure
CHaCHLCH - CHCH,,COOH

I strong vonrentratione of azone be cmployed for the
proparateon of asotdes, uxozanidos are saud to b foried at
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the sane tage (Haene o 7 Hoe ) g a0l e g b

s butylene yaclde the folbmam ol a0 w0

(1, CH,.CH . CH L CH, TR R TR LR T
i)d t o |
Weatunl « 201 o de, [N

T G A T A O 1
nind
U,

by ¢ dde,
aid o dunene oxazosde

() (e, CHLCHL Ol
\ 0, I

eyela pentse exhibits a sanlir belavonr s that ta e mac
aml two axozonsdes aee forsmed on aasdation Harne, Ao’
4 4101, 1U1h),

Harrnes dae by sbtnbuted the Grmation of cxogendos
to the prisenee of oxozom i e szagssed ovvpen wlack e
postitlated 1o be present by analysis, cmpdoring the wdde
method of estunbion,  The cxastonoe of oxasone 1 Gzuased
#ir or axygen s, however, not boay cenfirmed fuwe po 1)
wid somne other structural formula srust, commeguently, e
adopted fos the oxozondes,

The vzouisation of rubber wad first attenpted wnsurecesss
fully by Wright in 1897 (* Bull. 8oc Chan '8, 18, 1807,
wid was subsequently investigated in great detal by Harnes
and his co-workers, Langheld nnd Haoffuer, 1 the hope of
clueidating the complex structure of the poprene polyier.

Hurnes ¢* Ber.” 37, 2708, 1904) ozonmes rabber by the
following procedure: Ozomsed air, washed with caustie soda
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and alpdatoe ead 1o soneve the oxazone, eantaining from
fota L s ont ed eate s praoed Tor tan hoark into w | per
cont st e ad ool rabler i chloroforns. ‘The end of
the teacts o ciheosinined by the degolorisation of bromine.
The e mpede 3o obt vmsed by evaparation ab 207 (L in vaceno,
cabe o jaenthe vopaoerpatatigt from cthyl nectate by petrolenn
cthey o the $ag of o thaek ol salidifying to o vitreous mass,
Babdor sornaade s o mduble in ethy) nectnte, lonzese nnd
aleadod v o phioave sl ke ozone it aets on w photographic
]«i-xh
Ao geve o the ww rage composition G 49 per cent.,
v gy cont,and the mabonbne weight about 426, corre.
apetrd g B e o anpeonnd
GO o A per eout HGTO ooy cente, nw, 0 404),
A, B s straetural forauals for ivopeens rabber—

i('il,ff o CH, CH ]
e en, o, e,
the £ 31101 veanads swoubl e the Bdlawiag stenebipe se-
tH, i
goeo O, (l

{).
' . ()
ooeoel, el ¢ of
7
i CH, '

Hutder aramade suffers decomposttion on boiling with
water, forimng Jewnbime aldeliyde and lovalinic aldehyde
perotade, as pedicated by the following wuation :—



1792 [(FEAYAS Y

1,

|
Ay ¢ CH, tl tH e

() ]

AN SR & § B N £ B 0

| !

H t H,

CH,

|

O ¢C-CHOCH, ty oo
P
i) [ 8}

i

5L 00 CH, O CHO
On continued hatling of the aqueays sadats e the lovabinge
aldehyde peroade undergoes atoxidation o fesulime acul,
and the a snd 8 Inctonen of this aod

Cl,
O ¢ CH,--CH, «CH 0
i e CH,. CO CHLCH 000
0. () Foovyhasic arsd,
CH, O,
e | ]
O (4§

fovolisie inc o,

Gottlab (** Zeit. £ Anal Chen.,” 30, 2208, 1907 investigated
the action of vzone un many vanction of Afncan tubliers,
especially thosn from Uganda and the Upper and Lower
Congo areas; he obtained the following moan values for the
decomposition products ;-

Fror (it
Yid,
Laevnlintn awid . . . . . N
w  wideliyde . . . . . ghed
- 0  perexide . . ., AR

fomn . ' ¢ . . " &0
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Paulsen (“Le Caoutchouc et la Guttapercha," 7, 4177, 1913)
hasshown that the ozonides of various resins, such as sandarac
and dammar, are precipitated by carbon tetrachloride, a
property which Dubosc and Luttringer (* Rubber, Its Pro-
duction, Chemistry and Synthesis,” Griffin, 1918) has applied
to the estimation of rubber resins. Molecular weight deter-
mination has shown that the natural rubber molecule is
exceedingly complex, whilst the ozonide consists of but two
molecules of ozonised dimethyl cyclo octadiene. It there-
fore follows that ozone exerts a depolymerising action on the
rubber molecule.

Attempts to prepare dimethyl octadiene itself by reduction
of the ozonide have, however, proved fruitless.

Cyclo octadiene, the simplest of the cyclo octane deriva-
tions, has, however, been isolated by Willstdtter, and on
ozonisation and hydrolysis this yields succinic dialdehyde,
whilst on polymerisation it yields a product very similar to
natural rubber—

(ﬁH—CHg—CHz—(ﬁH )/_’

CH—CH,—CH,—CH-—__, {CT{I—CHz—CHz—CI["II

CH—CH,—CH,—CH}),

9.CHO.CH, . CH,CHO

On this evidence, supported by his previous work on the
nitrosites and tetrabromide of rubber, Harries adopted the
somewhat unusual eight-ring structure as the unit in the
polymer of natural rubber. Although Harries’ views have
received wide acceptation, yet this theory is contested by
several workers in the field; notably by Pickles, who ad-
vances various arguments why rubber should be represented
a8 an open-chain polymer :—
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Ozmined a1r has found sieroasiug appleation w the
hrewery, not only to provent the anprean of adv ntitan
mierp-orgamianis shiring the procoss of fermentaton and
covding of the wort, bt abes the peingerating and botthng
the beer. By rnclorare of the {crmenting tuns and the
caseide coolers i s smtalde ate shalt high cons entrtione of
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treatment of filtering matcel, e deansing of clanfying
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According tu V Velter (* Zat { Brauere, Peh, 1111
all ntensils, with the excoption of subber goods, which are
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apart from the fact that no process of industrial ageing on
these lines appears to be in actual operation, ageing is prob-
ably not entirely a process of oxidation but results from a
&vreat number of chemical reactions produced from enzyme
a.ctivity taking place but slowly in the wine. Probably not
the least important are the proteoclastic ferments effecting
the gradual hydrolysis of the small quantities of protein sub-
stances present in the liquid.

A useful field for the application of ozonised air is to be
found in the preservation of food, especially in connection
with refrigeration.

For the prolonged storage of fresh meat it is necessary to
maintain it at a low temperature, in order to lower the rate
of hydrolysis both proteoclastic and lipoclastic produced in
the meat by the naturally occurring enzyme. At normal
temperatures meat can only be preserved for a few days
without its quality being seriously affected by such changes
ocecurring. During storage and transit not only are the sub-
stances subjected to internal attack by the natural enzymes
but frequently extermal sources of contamination are to be
found, especially flies and air-borne micro-organisms.

Thus maintaining perishable foodstuffs at a low tempera-
tuare and in a sterile atmosphere ideal conditions for preserva-
tion obtain. Several large refrigerating warehouses and ship
holdshave been equipped with ozonisers on the air-circulating
sy stems.

We have already alluded to the enhanced efficiency of
ozonisers at low temperatures, hence the conjunction of an
oOzoniser in a refrigerating system is a particularly economical

installation.
12
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U eful npphestions fur ozone are hkewsoe to be found
the: drying of copry, whieh, shea subpeetad by e vpding,
sun drying proce s, s Bable topepaire ans secodin s @t
amell.  The rapditicany of e e sl by ne oy o of
ozosmsed mr snad toc b attended sath o pee alde anene s
in the yull enpa sty of 120 per cont and the practieal sl
tiras of the lear math
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Todent ure, hdspon peroxide s formed under these condi-
110 Cler N g T, 14901y -

A Ak e O 430, 4 K0,

subalthowch o d pht bes sy wesalt, due o interaction of
tho cae and the Ldpagen peeoxidn thus foriged—

Ho oo - Hi e 20,

e v e oty woanewhod higher than those dotermined
Vopdior o et By wlach we will whortly refer to,  Tiadon-
fearg ey g6 115 1000 obtained excellent results by
prabrmai s e oot imation i the reverse mannor, viz. passing
2o throigl atundardiaed sunbinm hydrogen sulphite and
o d tretunge wath standard sodine solntion.

faple oo 0 S 7 g, 10O, P showed that the acid
soedpdy pcthe d ansoargbdy zave bugh results, naitral solutions
sud bt more aconrgte detersmmations.  He found  that
nonteal potassiom bromnde sedations gave discordant results.

Footzeny's madifieation of the 1odine mothod is extremely
accarate A censaderation of the equation (1) will indicate
that for « vy equiwalont of ozone two equivalents of alkali
are | beratend, and conwquently the mcreass in slkalinity of
the wolution @ives s measure of the amount of ozone. A very
At sulphane acid solution of potassium iodide is usually
canpl -y ed, Gllowed after ahsorption of the ozooe by back
titrstion with standard alksh, using litinus or congo-red as
sh mdicatar  The hberated jodine can be detormined in the
tnieutenl solution by suesnn of sodium thiosulphate, thus giving
4 vheek un the tormer Hgure

F H Muenfold and I Hencher (* Zeit. Anorg. Chem.,”
o8, 167, 1916y imvestigated the effect of the addition of acid
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AR steon b teeri arsesate is prepared by the

» Yaeooou sy potassinan hiearbonate, and after

foeear - o ek oAl wabine salution, using starch
S M ' 8

oo v o b ar wmctaad after shsorption of the ozone
by sV g 9 el g areemions vesd solutions () wash
P oot et don g flow pates ap o 10 litros per hour);

11 b sabes o peoaler number nimst be employed.
| R Loy ne "y 700  staten that five |-litre wash
P e asapts ap @0 Bt s prer hour,

O e ot steank e anally expressed in graimmes

vore o metn of s e wsll he noted that in the caso of
at 1w aeob oab caption the squivalont volume of oxygen
wn t returne b to the pas, as s the ease in alsorption by
e st 4 patyonnm wedid ) nad consequontly in this case the
cveattoren dinvmto an yolume when passing through the
al: vier the cotrecton, bowever,  but & small one. (48
e 0 et aabe we b would give s dininution of but
b ger ity

Co Tt R g B0, 1D suggests the use of

jigg frer A aminotug silphiate solation, slightly acidified

with aalphurie scid, av absorbent ; back Litration is accom-
ikl with pedaasnm pormanganate. [t is stated that the
woaition 1 unaffectoad by air at this concentenbion.

d Ihyse Wetheads + Otto has made wie of & barograph
{0 ddwn g a o ntinuens record of the denaity of a stream
of crotp d air, 14 ve Gluned that the spparatus is extrewely
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Otto furthe v deviod nay apticad e thed Dawrd on the prnesple
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standards of comparmon with o tohe of defiite ougth of
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Iaw the absorption cocfficient may be exprossd n the fonn
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o0 e b et nd Kotlee sbsorption eoefficient for

e s b tantallamation in s tube of con-
o e a e anerndatian 18 proportional to the
“tenoty of the emergent ulbmeviolot light,
At v o e g potassamn photoselectrie cell,
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v et B phieaeal sumlysis inve, however,
£ B0 b appnatien, eelinaes having ususlly been
BEEER oo vt i of the sodide volumetric niethod.

o e o ve o anteming azonss and other oxidising
e et e ot S mvestiation: by Tommasi, as
car Lo 0 e Newas T ag, 284, THTH).

Teos e wtanin t ozane and ehloring ar sitrous acid
v gan e bt a s nwal solntom of potwssun ferroeyanide,
at bt o a1 Ve power delerummed by the conversion
ey s an Dorrvovaneds otfieted, Another }N}Pﬁ(m of the
gamoan B g panee §over bt platinn black, or through a hot
gl « snlar g ruangativa dinzide, whon the oxone is de-
ste aad The potvianan ferraeyanple gonversion is then de-
tCrnaned and {taan the difference in the two estimates the
vy e et b of the pas can be delermned.

Vuaaivea o0 woaluros contamning ozone and the oxides of
nits getx semt oles e acemphshed by passing the gasos
it gty v, when the oudes of mitrogen are solidified and
mas b acparalody debs il

Hoser and Hh prichd uﬂ»f ‘.. 45 3575: 1912) cito an in"
ot toethod for the anslyms of smsll quentities of
siee thane, whch, 3t wonld apprat, would also be applicable to
the ¢ ot seataon of szone They note that methane is quanti-
tatin: % anhierd al ofdinary temperatuces to lm‘m&]d&h}'de
Uy ovctie meont bty b thr rquation--
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Since 96,540 coulombs are associated with 1 gm. equivalent
or 8 gms. of ozone, assuming the electrode reaction—
60 ® O, = 807,
this quantity passing through the cell per second would
generate a maximum current of 96,540 amperes. If the
liquid flow rate were 1 c.c. per second, a fairly normal rate for
the instrument, one part of ozonein 10,000,000 of water would
correspond to a passage of 107* mgm. of ozone through the
cell per second, equivalent to a possible current of 12 x 10*
amperes. It is, however, evident that all the ozone cannot
act as a depolariser, since half of it at least is wasted at the
other electrode, and for convenience of operation the cell and
flow rates are not so proportioned as to effect complete re-
duction of the ozone in the water flowing through the cell.
In actual operation the recorded current is about 25 per cent.
of the theoretical maximum. The instrument is remarkably
sensitive, easily estimating or recording one part of ozone in
10,000,000 of water or ‘00001 per cent.
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Ozides of metals, 33, 84.
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Oxidising powers, 11, 169.

Oxozone, 15, 178, 174, 184.

Oxozonides, 15, 170.
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Oxyhsmoglobin, 154, 158,

Ozobenzene, 169,

Ozonates, 14, 137.

Ozonic acid, 14.

Ozonide peroxides, 169.

Ozonides, 2, 14, 15, 41, 168.171.

Ozonised water, 21.

— waxes, 157.

Ozonisers, 120-132.

Parxrs, 161.

Palladium, 85.

Pathogenio organisms, 149, 152,

Perchlorates, 18, 174.

Periodic acid, 32.

Periodioity, 68, 99, 106, 150.

Permanganates, 18, 80, 82, 66, 150,
153, 169, 174.

Peroxides, 80, 81, 38, 87, 42, 186, 164.

Persulphates, 81, 59.
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Phosphoric acid electrolytes, 57, 66.

Phosphorus, 28, 88, 89, 40, 42,

Photo-chemical activity, 140.

— decomposition, 28, 70, 188.

— efficiency, 76.77.

— production, 28, 70, 77, 138.141.

Photo-electric cells, 187.

— effect, 119.

Photographic action, 159, 169, 171.

Photolysis, 180.

Physiolo%ica,l activity, 154.

Piperonal, 166.

Plate ozonisers, 127.

Platinum electrodes, 5867, 120,

Point dischaxge, 118, 123.

Polymerisation, 28, 76, 161.

Popgy.seed oil, 165.

Positive carriers, 11, 40, 93.

Potassium chlorate, 88.

— iodide, 2, 4, 11, 20, 157.

Potential electrode, 47, 58, 68.

Pregsum, effect of, 46, 70, 76, 111,
184.

Pre-treatment of waters, 148.

Promoters, 164.

Pgeudocatalysis, 164.

Pyrocatechaldehyde, 166.

Quanra, T1, 72, 77, 69, 189, 141.
Quartz, 70, 84, 115, 1186, 140,

197

Raprum, 86, 88.

Rape oil, 165.

Rate of decomposition, 24, 49, 53, 188,
138, 137, 177.

Reaction rates, 12, 30, 53.

Refrigeration, 122, 177.

Residual charge, 115.

Rock salt, 84.

Rontgen rays, 88, 94.

Rotating electrode, 124.

Roughing filters, 144, 148,

Rubber analysis, 15, 173, 175.

Rusting of metals, 35.

SirroOL, 167.

Sandal-wood oil, 28.

Sandarac, 173.

Saturation current, 93, 113.
Schumann rays, 80.

Seasonal variations, 20, 21.
Secondary production, 26, 86, 106.
Selective oxidation, 13, 161, 165.
Self-induction, 98.

Shellac, 115.

Siccatives, 161, 164.

Silent discharge, 25, 91, 95.
Silica, 88.

Silver, action of, 3, 88, 49, 186, 181.
Skatol, 155.

Solubility, 7, 8.

Spark discharge, 1, 51, 102, 118.
Specific heat, 4.

— inductive capacity, 114, 115.
Spectra, 9, 10, 72, 78.90.

Spirit ageing, 179.

Spontaneous ionisation, 27.
Stability, 48.

Starch iodide tests, 16, 28, 180.
Statio transformers, 97.

Storms, 21.

Sulphates, action on, 12.
Sulphuric acid electrolytes, 57.

TANNRRIRS, 168.

Temperature, influence of, 46.52, 58.
Tetrabase papers, 136, 180, 181.
Tetrabromides, 178.

Textile conditioning, 1569.

Thallous salts, action on, 181.
Therapeutioc uses, 156.

Thermal decomposition, 82, 111, 184.
— equilibrium, 22, 45.

— production, 44, 50, 51-56.
Thermionic emission, 98. ,
Thiosulphates, action on, 12.
Thunderbolts, 26.

Tintometer, 186.

Tubular ozonisers, 124.

Turpentine, 8, 25, 87.
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