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EDITOK'S P R E F A C E .

T H E idea of a series of books on Electro-Chemistry emanated
n o t from me, but from Messrs. Constable. Some years back
I wrote for them a book called " Practical Electro-Chemistry,"
intended to cover a great part of the ground of knowledge
t h e n extant. Fortuiiately, knowledge has a habit of growing
a n d of propagating its kind, and my book, in consequence of
t h i s , became a " back number ".

The subject of Electro-Chemistry is so ramified and
specialised that it was impossible for one man to make a
s u r v e y of the whole field. This fact is the genesis of the
p r e s e n t series in which those who have accurate and intimate
knowledge of the various branches of electro-chemistry have
"undertaken the work for which they are particularly qualified.
I t will be readily understood that, as the series of books was
s tar ted at an early period of the war, many contributors were
e n g a g e d in work of national and primary importance, and
•were unable, however willing, to apply themselves at the
xxtoment to exacting literary work. But this difficulty was
gradual ly overcome, as some prospect of a period to the
s t r a g g l e came within view, with the result which the reader
"will judge with consideration for the onerous conditions
"cmcier which my contributors have wrought.

The monographs resulting from their labours speak for
themselves , and if the educational advantages which 1 have
obta ined from reading them during their passage through
t h e press is shared by the public, I believe that the thorough
a n d modern work of my friends and collaborators will be
appreciated, and such faults as there be will be attributed to
t t i e person ultimately responsible—the Editor.
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OHAPTEE I.

OZOKTE.

EA.RLT HlSTOEY.

I N 1783 Yan Mamrn, a Dutch philosopher, noticea t h a t the

air in the neighbourhood of his electrostatic mach ine (now

in the museum at Haarlem, Holland) acquired a marked and

characteristic odour when subjected to the "passage of a series

of electric sparks. Cniickshank in 1801 likewise drew at-

tention to the fact that the oxygen gas produced by t h e elec-

trolytic decomposition of dilute acids under certain condit ions

was possessed of a similar odour.

These two investigators merely chronicled the resu l t s of

their experiments, and did not pursue their inquiries to

elucidate the origin of the odoriferous substance. Schonbein,

in a memoir presented to the Academy at Munich i n 1840,

recognised fchat the smell noted in air subjected to t h e spark

discharge, and in the oxygen generated by electrolysis, was

due to the presence of a new gas, to which lie ga-ve t h e name
tl ozone" (#£©—to smell), he also showed that ozone was

formed in certain processes of autoxid&tion, notably by the

action of air on phosphorus, but failed to establish t h e exact

nature or composition of this new substance.

We shall have cause to observe, when discussing t h e pro-

cesses of autoxidation, the development of Schonbein's hypo-

thesis in that ozone or &ctrve oxygen is produced w i t h its
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electrical isomer " antozone" by the disruption of the neutral

oxygen molecule—

+
O2 -> 0 ' ozone + 0 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 peroxide, i.e. H2O3.

, Becquerel and Preny 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.B.," 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

c

Sulphuric Acid>
In Manometer.

FIG. 1.

v o l u m e b e i n g V - 3v w h e r e v w a s t h e v o l u m e c o n t r a c t i o n o n

o z o n i s a t i o n .

A s a resu l t of t h e e x p e r i m e n t s S o r e t c a m e to t h e c o n c l u s i o n

t h a t t h e m o l e c u l e of o z o n e c o n s i s t e d of t h r e e a t o m s of o x y g e n ,

t h r e e v o l u m e s c o m b i n i n g t o g i v e t w o v o l u m e s of o z o n e —

3 O 2 - 2 O 3 ,

s ince t h e v o l u m e c o n t r a c t i o n v o n o z o n i s a t i o n i s c l ear ly e q u a l

t o o n e - t h i r d of t h e o x y g e n c o n v e r t e d i n t o o z o n e (or o n e - h a l f

of t h e r e s u l t i n g o z o n e ) , w h i c h i s s u b s e q u e n t l y absorbed b y

t h e t u r p e n t i n e . F u r t h e r , t h a t w h e n o z o n e r e a c t e d w i t h
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potassium iodide or metallic silver it liberated an equal

volume of oxygen :—

O3 + 2Ag - Ag2O + O2.

Soret ascribed the structural formula O—0 to the tri-

0

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

ozonised 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 J , and w + w' be the weight of the ozonised

oxygen in the globe, where 8 is the density of ozone, and v

and 10" the actual volume and weight of ozone in the globe,

then

(i) w + w = Sv + (V - v)A,

(ii) w" = v$,

(iii) w = AY.

From (i) v(B - A) = w + %of - AY « w\

hence :— $ K -> = to"

or
\w" - w



From two determinations Otto iihtiun̂l thr \ tJu. * f d «!
ratio ̂
or the density of o/.om* wan practfisUly «*IM* un«l a h *lf urn*

that of oxygen,

I)KNsriY ItV \HV\ I *.n»N.

Koret showed that the r.ifcr of trun**jnMtif»n ihr »»i/l« JI

small aperture of the puivst CI/M»I* wh»« li h* r M*IM «*}fti$ii «»i^

intermediate heiwwn the va!u« H nbUtncd f«*r rhJt<ri*i« **t*«l

carbon dioxide, By applying (Jmhuin4** law4 f*» U1*1 lir*ni»*

obtained for the time of tmn^piration of f?/^ne {in4 fiiiK^ti

dioxide, taking / ' an tin* turn* ni tr uirtpiratutii f*ir ;* V*J*IM*«» «»f

carbon dioxide of dtmnity A, and t, hit nn v*\H'%i %*4IIIIP *«f

ozone of density 5,

' ;; -1
the value r534 wan oht'tin^d, trtkiru; Mxy&««it ^lf unit%* I ̂ I4<*I^

burg (" BorM
M HIOl) at a Infer ilntn olittiiii'^ lh«- %»*Iii* t lUSth

for un ozonised oxygen wmi4imn^ >»G J*K r *** nf «//**it̂

We have already referred to SOM'I'H • .uh • XJI» tun* ul>* <**%

the coinpariKon of tin* viAwn^n iirrnjur*! h*» i ^n i i *i« i/lil^ »*f

oxygen and oxone, in which Un* t$mw h*nuv<l it^m n i i i^wn

quantity of oxygen wan r»*titovi»f| by tdmnpUvn in ti»r|

From the rosultnof sovrn ttxprrmi« itl** Ĥ #r# t *it4^»finl %

value differing by only 2*7 prr r ^ n t froin th«* ili^oti u

Ozone poBHemwm a tttrotig |Kiirimliii^ mul r}mri><i«-Mnti<

odour which can be detected in mtm titmtnmH «4 MIH* |>I»II HI
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a million of air. We may note that there is no u n a n i m i t y i n

describing this odour, since it has been likened to s u l p h u r ,

chlorine and phosphorus (presumably undergoing o x i d a t i o n

•when ozone itself would actually be present); other o b s e r v e r s

have compared it to dilute oxides of nitrogen, whilst D B l a

Coux likens it to lobster.

Dilute ozone is practically colourless, but "when v i e w e d

through a tube five or six feet long it is found to give a B k y

blue tint to the column of air.

Hautefeuille and Chappuis (" C.B.," 94, 1249, 1 8 8 2 ) o b -

tained liquid ozone "by compressing ozonised oxygen t o 1 2 5

atmospheres a,t a temperature of - 103° C. Liquid o z o n e in

soluble in liquid oxygen, and Ladenburg ("Ber. ," 31, 2 5 0 8 ,

1898) obtained a mixture of liquid ozone and oxygen, c o n -

taining 84*4 per cent, ozone by passing a current of o z o n i s e d

oxygen through a tube cooled in liquid oxygen, w h i l s t K»

Goldstein ("Zeit. Elektrochem./1 50, 972, 1903) o b t a i n e d

pure liquid ozone by immersion of a double walled q u a r t s

mercury vapour lamp in liquid oxygen. "When a s m a l l

quantity of oxygen was admitted into the vacuous s p a c e ifc

was rapidly ozonised by the ultra-violet light emitted b y t h e

mercury vapour and condensed in the form of small d r o p s ,

the pressure rapidly fell and fresh oxygen could t h e n foe

admitted. Dewar likewise obtained practically pure l i q u i d

ozone by the careful fractionation of liquefied ozonised o x y g e n .

Liquid ozone, which is very liable to explode if a c c i d e n t a l l y

brought into contact with a trace of organic mat te r or if t h e

temperature be allowed to rise, is a dark blue liquid, o p a q u e

in thickness exceeding 2 mm. Olszewski ("Monatsh.," &, 1 0 9 ,

1887; " Ann. derPhysik," 3, 31,1887) gave the b o i l i n g - p o i n t
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at - 106° C. to - 109° 0., whilst Troost (" C.R.,3' 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.

2O3 = 3O2 + 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 Eemsen gives the highest value of 36,600. The most

recent observations of Jahn (" Zeit. Anorg. Chem.," <5o, 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.

Schone ("Ber.," 6, 1224, 1873) obtained the value for the

solubility coefficient at 18° C. of 0*366, McLeod at 14° C.

0-2795, Carius ("Ann.," 174, 30, 1874) at 1° C. 0*834, Laden-

burg ("Ber.," 31, 2510, 1898) gave the solubility at 12° 0. as

0*01 per cent, by volume, whilst Mailfert (" C.B.," 119, 951,

1894) gives the following values for the coefficient:—
Temperature. Coefficient of

Solubility.
0°C O64
11-8° 0-5 .
15° 0456
19° 0-381
27° 0-27
40° 0112
55° 0031
60° 0
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about fifteen times the values obtained for oxygen.

gang ("Woch Brauerei," 28, 434, 1911) de te rmined t h e

following values : 10 mgm. per litre at 2° C. and 1*5 m g m . a t

28° C.

In dilute solutions of sulphuric acid (0'03 - 0*09 per c e n t . )

the coefficient of solubility is somewhat higher, as is i n d i c a t e d

by the following figures :—

TemperaUure. Coefficient of
Solubility.

30° 0 0-240
330 0-224
49° 0*156
57° 0*096

Rothmund ("Nernst Festschrift," 391,1912) has i n d i c a t e d

that the above figures are in all probability too low o w i n g to

the decomposition of ozone occurring during the e s t i m a t i o n

of the solubility. He found that this decomposition w a s

remarkably small in O'l N. sulphuric acid at 0° C. and o b t a i n e d

a value 0*487 for the absorption coefficient at th is t e m p e r a -

tu re ; when corrected for the salting out action of t h e s u l -

phuric acid the coefficient in water would be equal to 0 ' 4 9 4 .

Ozone is soluble in acetic acid, acetic anhydride, e t h y l

acetate, chloroform, and carbon tetrachloride (Fischer a n d

Tropsch, " Ber.," 50, 765,1917), forming blue solutions w h a c h

are fairly stable. Solutions of ozone in carbon t e t r a c h l o r i d e ,

in which the solubility is seven times that in water, d o n o t

undergo decomposition for twenty-four hours.

The decomposition of ozone (see p. 133) is f r e q u e n t l y a c -

companied by a phosphorescence noted by Dewar when p a s s -

ing ozonised air through a capillary opening, and by Otto i n t h e

action of ozone on water containing traces of organic n a a t t e r .



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).

B. S. Strutt (" Proc. Koy. 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 X = 628*5 \i\i and X = 444 p/i in the visible

spectrum, those lying on either side of the sodium lines being

particularly distinct and characteristic, X = 609*5 - 595*5 pp

and X = 577 to 560 /&/* Schone (" Zeit. Anorg. Chem.," 6, 333,

1894) added two to the above number, whilst Ladenburg and

Lehmann ("Ber.," 4, 125, 1906) noticed a line in the red

portion of the spectrum.

J. Stark (" Ann. der Physik," 43, % 319,1914) has shown

that the ozone molecule gives rise to many bands lying be-

tween the visible green and the ultra-violet, X = 210 fijju. 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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O2> or of those substances when charged. Thus Stark (" 3?b.ys.

Zeit.," 14, 720, 1913) has shown the existence of two d i s t i n c t

arc spectra of oxygen attributable to the substances O 3 &nd

6r

The line in the visible red of the spectrum n o t i c e d by

Ladenburg and Lehmann (loc. cit) is possibly not due to ozone

but to another allotrope of oxygen, viz. oxozone, O 4 ; w h i l s t

the existence of a band in the infra red or thermal r e g i o n at

X = 1040 [i^i has been claimed for ozone but has not r e c e i v e d

confirmation.

The lines of the oxygen spectrum at the negative e l e c t r o d e

of a discharge tube were examined by Schuster, S t eub ing a n d

F. Croze ("C.K.," 153, 680, 1916) who gives the f o l l o w i n g :

X = 685*3 pp., 662*5, 603*2, 564*6, 529*6 and 498. S c h u s t e r ' s

two negative bands X = 570 - 584 fi^ and X = 601 - 5 9 6 IAJA

could not be resolved.

The lines of atomic oxygen O are found in the e x a m i n -

ation of water vapour as well as in oxygen s u b m i t t e d to

intense electrical discharges. Fowler and Brooksbank ( " l i o y .

Astron. Soc," 77, 511,1917) have likewise shown t h e p r e s -

ence of lines of this series, the third line spectrum of o x y g e n

X = 559*2 fip, and 39618 in stars of the /3 type as wel l an in

Wolf Eayet stars.

The ultra-violet spectra of oxygen and its a l lo t ropes are

of special significance in the consideration of their p h o t o -

chemical interconversion (see p. 70).

That of ozone has been examined by Lenard (" A n n . der

Physik," 1, 480, 1900), Goldstein ("Ber . ," 3d, 304, 1 9 0 8 ) ,

and more especially Eegener (" Ann. der Physik," 2 0 , 1 0 8 3 ,

1906).
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The 0 2 molecule gives short -wave length bands resolvable

into lines between the region X200 and X 188 /^//-correspond-

ing to the ultra-violet fluorescence of oxygen. Steubing

noticed five "bands between A = 183*1, and 191*1 ftp, whilst

L. and E. Bloch ("C.R.," 158, 1161, 1914) isolated two new

ones conforming to the Delandies formula at X = 192*3 to

193*6, and 194*6 to 195*7 pp. The ultra-violet oxygen atom

0 band in the region A = 230 /JL/UL and *X = 340 pp is observed

in the positive column in pure ratified oxygen, and in the

decomposition of dissociation of many oxygen-containing

compounds. The strongest band (see Meyerheim, Grebe,

Holtz and Itowler, " Proc. Eoy. Soc.," 94, 472,1918) is found

at X, = 306*4 fifj,, a,nd is usually attributed to water vapour.

Investigations on the carriers of positive electricity by

Sir J. J . Thomson and Iris co-workers (" The Carriers of

Positive Electricity") have revealed the presence of a great

number of allotropes of oxygen which give rise to their re-

spective band spectra. E. Horton (" Phil. Mag.," 22, 24,1911)

ha,s sliown the existence of carriers of positive electricity in

oxygen of electric atomic -weights, 8,16, 32, 48 and 96.

Becq[uerel 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 PHOPEBTIES.

Chemically, ozone is a strong oxidising a,gent, capable of

effecting the oxidaution of all the elements with the exception

of gold and some of the metals of the platinum group.

I t liberates iodine from potassium iodide and brings about



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 + O8 - MO + O2.

In some cases, however, oxygen is not liberated, but the whole
1 of the ozone reacts and no free oxygen is evolved. Thus

sulphur dioxide is oxidised to sulphuric anhydride by ozone

according to the reaction :—

3SO2 + O3 = 3SO8

(see Brodie, "Phil. Mag./ ' 1894, and Eiesenfeld, "Zei t . 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 is likewise

noted.

Eiesenfeld (" 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:—

O3 + H2O2 = H2O + 2O2,

Eothmund ("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.

Eeference, however, m a y b e 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. I t s high germieidal 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

t h e sterilisation of air, yet such concentrations as are neces-

sary (ca. '05 per cent.) are not eatable 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 oxidising agent of

great strength "which introduces no foreign matter, and

secondly as a reagent for the ethylene linkage - C = C - .

A.s an oxidising agent it is employed for the preparation
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of vanillin on an extremely large scale. T h e p r o d u c t i o n of

other substances, such as heliotropine, p i p e r o n a J , a n d animaln<»-

hyde, can also be accomplished with its a i d C se$ c h a . p - I2w-

Apart from its powerful oxidising properties, ozone w i l l x r e a c t

with certain substances in two definite a n d c h a r a c t e r ! n i i c

ways to form ozonates and ozonides.

T H E OZONATES.

Baeyer and Villiger ("Ber.," 35, 3038, 1 9 0 8 ) s t a t e t h a t

strong ozonised air fumes in moist air c o l o u r s b l u e l i

red, and causes an increase in the c o n d u c t i v i t y of

water when passed through it. They t h e r e f o r e regcurr lcsd

ozone as the anhydride of an unstable o z o n i c ac id , U ^ O f .

According to these authors, if due p r e c a u t i o n s a r e t a / k e t i ,

highly coloured ozonates may be prepared by t h e i n t e r a c t i o n

of ozone and moist solid alkali hydroxides o r c o n c e n t r a t e d

solutions of the same at low temperatures.

The ozonates are usually orange or b r o w n . If o z o n o b o

passed into a cold ammonia solution, it a c q u i r e s a d a r k vot\

colour attributed by these investigators t o t h e f o r m a t i o n of

ammonium ozonate, NH 4 H0 4 . Lithium o z o n a t c w a s f o u n d

to be least, and that salt of caesium most s t a b l e .

A white granular precipitate of calcium p e r o x i d e is f o r m e d

on the passage of ozonised air into cold l i m e w a i t e r .

According to W. Manchot ("Ber.," 41 , 4 7 , 1 9 0 8 ) , B a e y o r

and Villager's results are to be attributed t o t h e p r e s e n c e

of small quantities of oxides of nitrogen i n t h e i r o z o n i s e d

air, since he found that ozone possessed n o a c i d i c



OZOETE 15

T H E OZONIDES.

The ozonides are formed by the interaction of ozone with

organic compounds containing unsaturated ethylene linkages

according to the general equation :—

—C — C—(X
!l + 0 3 -> I >O

_ C — C—(T

Discovered by Harries (" AJIH.," 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. O3)

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:—

_ C —C—Ox
II + O3 -» I > 0

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

_ c —c—0—0
11 + o4 -> 1 1

_ G —C—O—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 oxozcnides must be advanced.



CHArTEB II.

THE NATURAL OCCURRENCK OF OZONK.

THE occurrence of ozone in ordinary atmospheric air ha*

long been a matter of dispute. C. Bchonboin (" J. f. Prziht'

Chemie," 73, 99, 1858), as early as 1858, showed that wtarrh

iodide paper, when exposed to the air, slowly turnrri t#It**\

thus demonstrating the existence of some oxidising aff«*m\v.

He noted that the rate of liberation of iodino varied from tiny

to day and attributed this to an alteration in tho. ozono <*nn*

tent of the air. Cloez and Bincau pointed out that t!»«*

liberation of iodine from starch iodide could iikowiHts hi*

caused by the presence of oxides of nitrogen naturally prcmrut

in atmospheric air.

Houzeau ("Ann. Chom. Phys." IV, 27, 5, l^T2f nnA

" C.E.," 74, 712,1872), as a result of over 4000 detrrmina-

tions with neutral litmus starch iodido paper, catntt to ttm

conclusion that ozone was present in atmospheric air in ft4*

dition to the frequent occurrence of oxides of nitrogen. A»

a maximum ozone content Ilouzcau recorded 2*H in^m. p««r

cubic metre. Houzeau's views were supported by H a r t l e y

("Trans. Chem. Soa/1 39, 10, 111, 1881, and "Nalnre/* s*>

474, 1889), who noted that many of the dark linen of the*

spectrum were coincident with those that would haves

produced on the assumption that atraospharic ozone

light of these particular wave lengths emitted from tha mun,
(16)
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thus exhibiting the Frauenhofer l ines; 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 Lord Eay-

leigh in 1871 (Hon. S. W . Strutt, " Phil. Mag./ ' u , 107,1871)

and extended by Schuster (" Theory of Optics," p . 325) and

King (" Trans. Phil. Eoy. 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

)hus made visible. I t may be noted that in Lord Bayleigh's

experiments the sky light appeared somewhat bluer than

inticipated by this theory, and thus indicated that absorption

>y ozone may be a contributary cause to the colour of the

iky. C. Fabry and H. Buisson ("C.B. ," 156, 782, 1913), as

1 result of a series of experiments on the absorption coefficient

•zone for light of the wave lengths X = 255 fifjb to 330 /A/A,

howed that a thickness of only 25 /A of ozone reduces the

acident light intensity by over 50 per cent. For a wave

sngth of X = 300 fxiM the proportion of transmitted light for

thickness of 5 mm. of ozone was only 1 per cent., approxi-

lat ing to the conditions of the terrestrial atmosphere exposed

D solar radiation. If uniformly distributed this would equal

*6 c.c. or 1*4 mgm. per cubic me t r e ; this concentration is

)mewhat high for air at low altitudes, hence it may be

cgued that with increasing altitudes the ozone content rises.
2
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E. Kron (" Ann. der Physik," 45, 377, 1914) r e c o r d s A =

325 ^ as the limit of the effective solar spec t r am a t sea-level

on the clearest days. Fabry and Buisson's resu l t s "between

the "wave length X = 200 and X = 350 pp a re s h o w n in the

following graphical form :—

150

100 /
./

/
/

\
\

\

ZOO 250 300

FIG. 2.

More recently Fowler and Strutt ( u P r o c . Roy . S o c . / r 93,

577, 1917) showed that the Frauenhofer l ines b e t w e e n the

wave lengths X = 319*9 p/i a,nd X = 333*8 pp, t h e u l t r a - v i o l e t

lines shown by Ladenburg and X e h m a n n t o be p r e s e n t i n t h e

ozone absorption spectrum, were present i n the g r e a t e s t in-

tensity in the solar spectrum at low alt i tudes , or w h e n t h e

terrestrial air str&tum through which the l ight h a d t o pass

was greatest, thus again supporting Hart l ey ' s c o n t e n t i o n that

the atmospheric ozone was an effective a g e n t i n f i x i n g the

extension of the. solar spectrum, in the ultra-violet .

Strutt ("Proc. R o y . S o c , " 114., 260, 1918) l i k e w i s e s h o w e d

that the limitation of the solar spectrum to the l o w e r w a v e
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length of X = 294'8 fi/j, 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 Schone in 1897

("Brochure," Moscow, 1897) obtained as maxima and minima

the following values :—

Maximum, 100 mg. per cubic metre.

Minimum, 10 „

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 0*039 mg., and at 3000 metres, 0*094 mg. of ozone per

cubic metre of air. Similar figures were observed by H . de

Varigny (Smithsonian College, " Proc," 39, 27), viz. a maxi-

mum and minimum of 0 0 3 and 0'01 mg. per cubic metre.

These observations were continued by Hatcher and Arny

(" J. Amer. P h a i m , " 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
Estimation.

Iocllde
Arsenite

Mmvmwn.

158
84

Maximum.

316 mg. per cubic
80 i« 11 ,«

metre.
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Henriet and Bonyssy (" C.B.," 146, 977, 1908) s h e w e d t h a t

the ozone content of the air at ground level v a r i e d a p p r o x i -

mately inversely with the carbon dioxide c o n c e n t r a t i o n .

Hayhurst and Pring («J.C.S.," LXII , 868, 1 9 1 0 ) d r e w

attention to the wide variation of the results o b t a i n e d b y

numerous investigators, and conducted a series o f obse rva -

tions on Glossop Moor in Derbyshire. They s h o w e d , u t i l i s ing

Houzeau's original method of estimating bo th i o d i n e a n d

alkali liberated from potassium iodide solutions, a p r o c e d u r e

which was found to give extremely accurate r e s u l t s , b o t h for

ozone and mixtures of ozone and nitrogen d i o x i d e , t h a t in

this neighbourhood at least, oxides of nitrogen w e r e a l w a y s

present in the air up to an altitude of 8000 ft., a n d t h a t t h e

quantity of ozone present, if any, was too s m a l l t o b e de-

tected. With an increase in the altitude small q u a n t i t i e s of

ozone were obtained up to a height of 10 mi l e s . C o n c e n -

trations of the order of 0*12 to 0*4 mg. per c u b i c m e t r e of

ozone, and smaller quantities of oxides of n i t r o g e n w e r e ob -

tained.

H . N. Holmes (" J . Amer. Chem. Soc," 4 7 , 4 0 7 , 1909)

has shown that the maximum amount of ozone i s f o r m e d in

moving areas of air under a high barometric p r e s s u r e w h a n

the conditions are favourable for bringing air of h i g h , altitudes*

close to the earth's surface.

It may be concluded that ozone is a normal c o n s t i t u e n t

of pure air, and that the quantity of ozone in t h e a i r i n c r e a s e s

with the altitude. Seasonal variations in the o z o n e c o n t e n t

have likewise been obtained. Thus, Houzeau, a s a r e s u l t of

eight years observation with neutral and alkaline i o d i d e t e s t -

papers Qoc. cit.), noted that the ozone content of t l i e a t m o s -
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SOURCES OF NATUEAL OZONE.

Various alternative hypotheses have been advanced to

explain the mode of formation of this small ozone concentra-

tion in atmospheric air. I t is at once evident that even this

minute quantity exceeds the normal thermal equil ibrium

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-chemicaj; (c) electrical.

NATUEAL CHEMICAL PROCESSES.

The earlier investigators such as Schonbein, Houzeau ,

B6rigny, Peyrou, and Mari6 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 M a y and

November respectively. I t was shown, however, t h a t coloured

plants yielded no volatile oxidising substances wha tever , and

more recent experiments have shown that the oxidising agent,

which can always be detected in green plant g rowth , is hy-

drogen peroxide. According to Priestly and Ushe r (" Proc.

Phys. Soc," 78, 3, 38, 1906), the plant chlorophyll serves

merely as a light sensitiser to bring about the reac t ion—

3H2O + CO3 + light energy - HOHO + 2H 2 O2,

the formaldehyde thus formed is subsequently polymerised

to formose (d.L glucose) by the protoplasm of the cell chloro-

plast.

The hydrogen peroxide is usually destroyed by one of the

numerous enzymes, termed oxidases, present l ibera t ing mo-

lecular oxygen—
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2H2O2 -> 2H2O + O2

(see Bach and Choat, "Arch . d. Sci. Phys . et Nat . Geneva,"

17, 4771, 1909), but many investigators suspect t h a t 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 wi th 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 important natural pro-

cess contributing to the freshness of the air.

PHOTO-CHEMICAL PROCESSES.

W e shall have occasion to refer to the interesting fact that

oxygen is ozonised by exposure to ultra-violet irradiation of

wave length X == 120 - 180 fifi whilst ozonised oxygen is re-

solved into its original form by light of somewhat longer wave

length, viz. X = 330 /x/x.

Hartley (" Trans. Chetn. S d c , " 39, 10, 111, 1881) noted

the presence of Frauenhof er lines in the visible solar spectrum

corresponding to those which would be absorbed b y ozone.

These conclusions in the visible part of the spectrum were

confirmed by Meyer ("Ann. der Phys ik / ' IV, 12, 849, 1903)

and extended by C. Fabry and H . Buisson {" C.R.," 156,

782, 1913) and Fowler and Strut t ("Proc. Eoy . Soc.,"

93, 77, 1917) to the ultra-violet portion of the spectrum.

Furthermore, all experimental evidence indicates tha t the
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ozone concentration is greatest in the upper portion of t l a e

atmosphere, where the intensity of the ultra-violet r a d i a t i o n

would naturally be greatest (see also K. Birkeland, " C a i r o

Soc.," 8, 287, 1916). I t would appear that the p resence of

ozone in atmospheric oxygen is largely due to the s y n t h e t i c

operation of solar radiant energy of short wave length.

(X = 120 - 180 fjL/ji), whilst the limitations in the a m o u n t i n

the upper parts of the atmosphere is caused by the d e s t r u c t i v e

action of light of longer wave length ( \ = 300 JJL/U,), a d y n a m i c

equilibrium being finally established between the r a t e of

formation and the rate of decay. Near the earth's s u r f a c e ,

as we have seen, smaller ozone concentrations are o b t a i n e d ,

partly owing-to the fact that the light of longer wave l e n g t h ,

penetrates somewhat further into a dusty atmosphere t h a n

that of short wave length, but more especially to the r e d u c i n g

action of easily oxidisable substances both on the e a r t h ' s

surface, and carried to low altitudes by the wind. C o u n t r y

air, according to Houzeau, contains more ozone than t h a t

around villages, whilst its presence can rarely be detected, i n

towns. This observer, in fact, records the disappearance o f

ozone in the air after the passage of a crowd on a public f £ t e

day, and its gradual reappearance when the normal c o n d i t i o n s

had been re-established.

ELECTEICAL PEOCESSES.

The increasing attention which during the last few y e a r s

has been paid to a study of atmospheric ionisation and e l e c t r i -

fication has not only clearly demonstrated that the p o t e n t i a l

difference between different parts of the atmosphere and b e -

tween earth or water and the air may reach extremely h i g h .
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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 S. America (see " Knoche Meteor. Zei t ," 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

gaseous 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 wi th 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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i x i e d . in air during the fall of heavy drops of rain from a

clear sky in hot summer weather.

- O d d o (" Gaz. Soc. Chim. Ital.," 45, 395, 1915) ascribes

f o r m a t i o n of gas ions under these conditions to the

ionisation of water vapour when rarified. One

of m o j s t a][ r (773.4 litres when dry at N.T.P.)
c ° n t a i n s 89 x 10 "2 0 hydrogen and hydroxyl ions at 15° C.

ftticl 7 6 0 mm. pressure; he shows that a fall in temperature

na, t ta . i?£bl ly diminishes the content of water vapour in the air

* n x t a , l s o increases the degree of ionisation below 32° C, where

i t I s p r a c t i c a l l y zero. The optimum temperature range for

ionisation was found to be 5° to 20° C, which, it

b e noted, is the optimum for animal and vegetable life

*TI t h e temperate zones.

ULtenard , in a series of researches on the Electricity of

W s t t e r f a l l s (« Ann. der Physik," 45, 7, 100, 1914), showed that

i o n i s a j t i o n was effected not only by the impact of suspended

< l i r o p s u p o n obstacles such as rocks or stones, but by impact

o f c l r o p s against each other resulting in the production of

s o c o n c l a r y drops.
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CHEMICAL PRODUCTION.

AN indication of the production of ozone can be oh.-» rvr«i in

a great variety of chemical reactions such as t h e d ^ r o i n p * i-

tion of certain peroxides, in processes of autoxi<liitinu, u iu l sti

many cases of combustion of gaseous fuels. In tli«* I?if l« r

case the ozone is doubtless of a purely thermal o r i g i n an*i *

consideration of the mechanism of production b y I I ILS men?* *

will be deferred to a subsequent section.

Ozone can nearly always be detected in oxygen r* MIIIMIJ*

from chemical decomposition. The temporary c*xi*4*-nr«' <*f

atomic oxygen liberated according to the; equat ion :

M"02 + H,KO4~>MSO4 + ILO + O

has not yet been definitely proved, although tho c*vi«l« ti**** f**r

the formation of atomic hydrogen by similar proccHHf H IH IM^W

extremely strong. In any case during the d<»comp«i<>,iUt*tt r#f

the peroxides, the atomic oxygen polymerises w i t l i |*r# «i

rapidity to the molecular form:—

O + 0 -> O2.

C. Brodie ("Phil . Trans. ," 141, 759, 1850) first ar ivuncvi i t i n -

view that ordinary oxygen during processes of

action was split up into two parts termed ozone a n d

O2 -> O' (ossono) 4- O (antossono).

As we shall have occasion to note in discussing p r o e m * * * *4
(28)
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autoxidation, Brodie's hypothesis was strongly-supported by

the experimental work of Schonbein. " ' ^ - * ~ T ^

E. Clausius ("Zei t . Phys. Chem.," 103, 644, 1858) sug-

gested that Brodie's so-called " ozone " and " antozone " were

identical with atomic oxygen, possessing opposite electric

charges

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:—

O2 ? r :± 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:—

O3 ;* O2 + 0

O2 ^ 0 + 0 ,

none of the allotropes possessing an electrical charge, then

the equilibrium concentration of the atomic oxygen would be

only 1/1023 of the normal ozone concentration, which we shall

see is of the order 10~5 per cent. The normal concentration

of atomic oxygen is, therefore, so small as to render its exist-

ence as 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 quanti t ies

may be expected to occur in the decomposit ion of the per-

oxides, since, on the above assumption, t he following sequence

of chemical reactions may be assumed to occur :—

(i) BaO2 ->BaO + O.

(ii) O + O -> O2.

(iii) O2 + 0 -» O8.

We have already noted that reaction (ii) proceeds with great

rapidity, and that reaction (iii) is merely a side reaction,

which will only proceed during the evolut ion of oxygen.

Any ozone formed may, of course, be subsequent ly 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 concentrationB as

high as 28 gms. of ozone per cubic metre of oxygen evolved,

by gently heating small quantities of powdered barium per-

oxide in eight times its volume of concentra ted sulphuric

acid. Hydrogen peroxide is likewise formed in small quan-

tities under these conditions:—

4H2SO4 + 4BaO2 -> (i) 4BaS0 4 + 4 H 2 O + 2O a

(ii) 4BaSO4 + 4 H 2 O + 0 3 + 0

(iii) 4BaSO4 4- 4 H 2 O 2 .

The same investigator showed tha t s imi la r results wore

obtained with other peroxides, notably those of magnesium,

zinc, sodium, and potassium.

Even better results can be obtained by t h e decomposition

and gentle dehydration of permanganic ac id or potassium

dichromate,

Mn2O7 -> 2MnO2 + O3.
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As dehydrating agent, sulphuric acid is niost conveniently

employed in the proportions of one of potassium perman-

ganate to two of sulphuric acid. De la Coux (" L'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 3 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 flask;

the air is subsequently displaced by carbon dioxide, and the

mixture cautiously raised to 65° to 70° C. The reaction,

which is strongly exothermic, 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 by the electrolysis of fused potassium

hydrogen fluoride, noted that appreciable quantities of ozone

were produced when a few drops of water were introduced

into an atmosphere of fluorine.

The formation of ozone proceeding according to the

equation:—

3F2 + 3H2O - 6 H F + O8,
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is especially marked at low temperatures, 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 Bammels-

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 containing two molecules of water. "When heated

carefully, periodic anhydride is formed.

2(HIO4 . 2H2O) -> I2O7 + 5H2O,

which on continued heating, loses oxygen to form iodic an-

hydride :—

+ o2.
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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(>. Brunckhan nhown t h a t commercial samples of potas-

ftiuin c h l o r a l liberate o z o n i s e d oxygen during thermal de-

composition, although p u r i f i e d samples fail to yield any ozone.

The yield or »*>nc in B e n s i b l y increased by the addition of

miuiKanoHis dioxide, thiw e q u a l weights of manganese dioxide

and pntafmmm chlorate l i b e r a t e 0*3 per cent, of the weight

of chlorate* rmployecl in t h e form of ozone. Wi th twenty-

five iitwH an much m a n g a n e s e dioxide, over 1-5 per cent, of

th<» weight of chlorate c a n b e recovered in this form. Other

oxides, KU«TII an those of c o p p e r , iron and zinc do not exhibit

this behaviour, which a p p e a r s to be characteristic of man-

ân<*H(' dioxide, although B l i g h t activity is noted in the cases

of the. oxidett of nickel a n d . cobalt. This is doubtless associ-

ated with the property of fo rming unstable peroxides, which

undergo Kuwmdary decorupos i t ion , liberating atomic oxygen,

which ran Horondarily r e a c t wi th the molecular form to pro-

duce o7.ont\

In thct thermal d e c o m p o s i t i o n of many metallic peroxides

th** pr«HC*n<:<* of ojsone m a y b e detected in the oxygen evolved,

the? yii*hl of nasonci hcin^ n a t u r a l l y greater in the case of those

prroxidpff which undergo t h e r m a l decomposition at relatively

low tampcraturfw, mrh a s silver oxide, yielding oxygen

containing 4 to 5 per c e n t , of ozone. Lead peroxide and

timnmricoxulitaro l ikewise c a p a b l e of yielding small quantities

tif oftont**

If t\w peroxide of m a n g a n e s e , or cobalt, or nickelic oxide

bft nuhjijctitfl to ihuntial d e c o m p o s i t i o n in a current of oxygen,

appreciable quantities of ossoxie are stated to be formed.

AH thiMW oxidii d e c o m p o s i t i o n s , resulting in the formation

of small quantities of o z o n e , may be referred to chemical
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processes of activating atmospheric oxygen, whilst in t h o

case of the decomposition of chlorates and iodic a n h y d r i d e

these salts may be regarded as convenient sources of oxy&tm -

In the case of the elements of the first group of the p e r i -

odic table, namely, copper, silver and gold, the sub a n d

normal oxides of copper, Cu4O, Cu2O, and CuO, are s o m e w h a t

too stable, cupric oxide possessing only a small dissociation

pressure at very high temperatures. The oxides of both BI I v<*r

and gold, on the other hand, dissociate much more r e a d i l y ,

silver oxide possessing a dissociation pressure equal to t h a t

of atmospheric oxygen at 250° C. Silver peroxide, AggO t t ,

readily liberates hydrogen peroxide and oxygen c o n t a i n i n g

ozone when dissolved in acids. Mercuric oxide closely r«~

sembles silver oxide in its chemical properties.

The general reactions involved maybe expressed by t h o

following sequence of reactions :—

(i) 2M + O2 = 2MO ;

(ii) 2MO = 2M + 20 ;

(iii) 20 ^ O 2 ;

(iv) O + O 2 -*O 8 ;

in which by the operation of the first two reactions tho o x y g o n

molecule is-temporarily split up into its atoms, the ncceBRary

energy to perform this operation being supplied by hea t ing o r

cooling the metal to form or decompose the oxide. T h o

atomic oxygen so formed may then instantaneously r e c e n t -

bine to form molecular oxygen or combine with mo lecu l a r

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 . Schonbein (" J. f. Prakt. Chemie,"

73, 99, 1858, et seq.f 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 oxygen ; 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 slaw oxidation was shown by Schonbein to hold in
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the quantity of oil remaining to bo oxidised diminishes in

amount.

It had therefore to bo assumed that in the process of dry-

ing, a catalyst wan simultaneously formed, thus if a and h bo

the* initial concentrations of the linseed oil and catalyst, then

the rate of oxidation of the oil after a time t will be given by

the equation: -

' J ' K(« j-nb H jr).

(Jenthe, in fact, showed by his experiments on reaction velocity

that there was a quantitative? relationship between the quantity

of linseed oil oxidised and the quantity of autocatalyst simul-

taneously produced.

Houzeau (lHRO), (ienthe.(/o#. r.it.\ ] I a zu ra ( " Zeit. Angew.

Ch«m.f
H i, :U2, 1HHH), KiHHlin« ("tfeit Angew. ( 'hem./ ' 4,

imt 1891) and Friend (" Proa Pamt and Varnish Hoc," 1914)

all showed that tltcs autocatalyst was an unstable peroxide,

since it liberated iodine from potassium iodide* and showed

the other reactions of a peroxide and a similar catalytic

acceleration could be produced by the addition of ozone,

\mnmyl peroxide, oxidised turpentine or ether, to the linseed

oil. It in ntill a matter of uncertainty an to the nature of

this catalytic puroxidc. Houzoau was of the opinion that it

wan dimolvtul rmme, whilst other investigators support the

theory of an unstable peroxide of linoleie acid, similar in

character to benaoyl peroxide, ft appears probable that small

quantities of ozone can ba isolated from turpentine, oil of

cinnamon and other essential oils, undergoing atmospheric

oxidation, but that most of the activated oxygen is absorbed

or combines with part of the substance to form a peroxide.
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Jorriacn and Jieirher (" IW.,1' 30, H a l , lhi)7 ; •• /.fit.

Angaw. Ohcm.," » , 0*20, ftiid "« hnn, Zrit./1 a6, J»f 1902)

showed that cmmtj coiiltl \m formed during the rt-duetinn of

certain oxidinmg actidn, Mich it1* rhroinir actd, attributed to

the intermediary farmattmi t*( im tui^ijilil^ pvtaxnh* with iU

Relatively lftrK«*tjimt4iiti«*Hrif«/,Miii*, h«iw#'%«'r. an*

in thti autoxtfiation of |iliun|ihuru«t, ntnl sn vww of ih«» cun-

vdnieaoen «f thin mnthnr! **f (ir«*|mr4tiun lh«* foltowtnc df tatli

may bf given: A rupiil rurr«*tit tif air i» p»«t#»f«! ihrau^h a

bottlo containing Mttt'ktiof yt-llnw phuHpbf»rim, tiiointcntHl wilh

a dslutti sulphuric acxitl H4*uiifti4<l Hnluttun i*f }w!fi^#nim ptr-

manganate or btchrnmaif!. frhf r^nelton prm*mnh but *!awly

at 6** (3*, whiint the uptimtitti Urmpvrmtutt* H «tftU*<I l<* Im 2*1" C.

Under reduced pntmiuri* thi* ri«mti<ni *tili pmcnvln ni if (!.

As ii wuil known» ptim oxygen niwl^i but nJawiy wtdi

phoruH except untirr r«nlni*fil pn«**!iit* A 2*i JM r tmi

tare of oxygen in hydrogen in partitrtiUrly *4Ymm*n$un tut ilm

produciiori of oxcin#y but tin* ph««phorit#t î  Itiibl^ iii

extremely hot, with the attunilitnf rkk mi mfhmmn*

quantities of hydnigim j>* fiXhit mm mtnulUMwmmty pro&umsl

From time to tim# the stale phcmptiortii nhotitd tin r«*ftma<l

in order to remove ibt »uptrHcial tayurr cif photphiirk

which cau»e» a dsmiiitatioii m iti Mtivity,

We have already notdl thai the theory of Um&im$

by Glauaiuft and van't Hoffl p^tttblmg the r ^ j ^ uc« of two

forms of oxygtn:—
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fO (ozone),

\O (antozone),

wan supported by Sehonbein as a result of these researches.

According to thin hypothenis all processes of autoxidation are

dual in character, nince two substances must simultaneously

undergo oxidation. Kngler ("Kritischo Stiidien uber die

Autoxydationnvorgiinga, 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

aniozonic form of active oxygen may react with the autoxi-

diseror the acceptor to produce " o z o n i d e s " or "antozon-

ides "; thus oasone in an " oaonida," and phosphoric acid the

" antozomdts " produced in the autoxidation of phosphorus.

Van'L Hoff {lac cit*) noted that the presence of excess of

" o z o m d a " prevented the formation of the antozonidc, and

thus it netmmmly followed that the primary reaction,

Of i j O + O was re^emible in character* Since the antozon-

idc, viz, phosphoric add , is not volatile; the escaping ozonic

form of active oxygen or o^tme should be electrically charged.

A aearch for this alectrically charged form of oxygen in air

which hmhmn passed over phosphorus has yielded conflicting

resul t s Elatar and Gaitei ("JPhys, Z e i i / f %6, 821, 1800;

" W i n d Ann.," 39, 4fi7, 1903) noted tha t air thus treated

wan electrically conducting (sea also Mattcuci, " Enc . Brit./ '

VHI, 62% 1855; Haocwri, " Atti. della ftdumw de Torino/ '

XXV, p. 252; 3. Jouberfc, " T M s e stur la Phosphorescence

da Phosphor©/' 1874; T. Evan, " P h i l . Mag . / ' s , 88, 512,

1897; X Chappuii, l#BnU- Soc. Cham./1 3, 35, 419, 1881).
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ITowovcr, CioiJcH (u Pltyn. Z«*H /" I \ , P.NKI> ^ . m H tliul tltin

conductivity wan not <In«« l<* tin* j»rrw«r<« *»f n/»*n» whirls

could bo abftorhwi without *lpHtr<*ynu: th«* ruiiilurUvuj.

HiiruH (*• W»»hin|{lnn,M M i l ) , (farm* t " Thy*. /,,-it.,"

IV, i n , 1902), and Hl«rh ' " A n n tU< Vh* nn*« «« «!•• Pliyn / '

n f 25, 1905) likrwim* hhownl tluii lh«* rtni»lurinify \V.*H not

due to the*, prcHtmt't; nf umutt* (*xy ;̂rfi ^r «'Jinrt!« J i'»mr *»\yu«-«f

but to axidi*H of jihfmphortH »*oll«TtrJ r«un«l rhnr/Ml ntirl« i,

forming a^ri^^trM nf fairly l»r^«* fJim«*n**ii»im (r 10 * m i K

while thu actual nmttbi*r <*f rh«ri;**<l girt i«im r>b*K rv^d Ml fur

short of tlit* »toi**hiiimt»trir ratio, nxy$*t«n

activated : I : lf an jtiwtulnlnt by lUv }iy}t#ilfn*%$« h lil

C*(Mi/ ' 9S, 2# 1170, l » l l ; Hbnw^il Itn

positive and negativi* JOUJI, tin* j#r<»4«rijui} «4 wbirti wan

compann*d by the* formation uf wluf *• fum*** Thr

of thi!$a gM ioiii wn-% acTrlrmt*^! by ullnwiti^ Ui»» jn*u*t*m ut

oxidation to take* ptner m an t-It»rtnc fi**ld

K. Preibnmt ("AICIKI WIHN ttVri, Jirr/* iaH# J47. lU

fthowtid that tlu* chnr^ un *^ i i uai ion

6 x 10 w K.H. imiln, and that J «|:i ^ HI * |

irj tfar̂  fonti erf plionphcinc arid wm nwttirmU-A Hiih iwl i KH.

unit, and 1*8 * It) "gin* of pho*pbr#nt* in riirb |$nriirl#\ A*

B l u e C ' C J i / ' §s8» 14»'A 1011 i rl»im» to

th# exi»tenc« of a rul i i tmn HinlUtl <)tiriiii|

of photpborun like 7 wyn t i*»lnktitt*ly wrft nml not

in chmmektr. Th*y an* rwtly «b«orlif4 by mir K

Segkr (#*2eit l % i b l . Cheni, t" i t f*i 1K7«>, and

tha mni i hy(tcitbfr»iii m S^h<rn)*m, but n

**sygtn for

It
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evident that th<» cascj for the existence of charged ions of

atomic oxygen of opposite electric sign is not strongly sup-

ported by the investigators cited above, although, as we have

observed, the exintenco of uncharged atomic oxygen is a

plautiiblo hypothesis.

M. Tiuubts (" B«r.,M 15, 603,1882, and 1471, 1843; "Ges -

aiuinoltt! Abhandimigmi" Berlin, 1899), A. Bach (" C.R.,n

126, 2957, 1897), and (5. Kngler and V. Wild ("Bor. ," 30,

16fi7f 1897), and others, on the other hand, developed the

theory of an intermediate compound.

Thus*, according to Traubc, the presence of water is

ncccmsary for all these procoHBOs of «low combustion, a point

of view Htrongly supported by tho researches of Mrs. Fulhame

(" An Kxn&y on Combustion," London, 1794), B. Baker,

H. B. Dixon (" Phi l Trana , ° 175, 030, 815, 4795, 1896), and

11. K. Arm«trong ( l i A . Rctport^ " Proa Roy. Boc.,f> 40, 4287,

2880); th« primary reaction taking place in tho formation o£

an oxidn and hydrogen peroxide according to the equation :—

M + O% 4- H fO « MO + 11,0*

The formation of Hchonbcin'H ozonides must thus be con-

sidered m clue to secondary reactions between the hydrogen

peroxide and the acceptor, in some cases exceedingly improb-

able reactions. Thus, it in difficult to imagine the formation

of ossone by the action of oxygen in a dilute solution of hy-

drogen peroxide according to the following equations :—

Ff 4» O, + H , 0 - P ,0 + H A

H,O f + Os - H fO + O t,

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 tin* hypoth«*MH rifihocliril the* con-

caption of the formation of an nmttihh inlrrtm diary |» roxaita

prior to dueom portion into an oxi«li* with Mmultam OM* oxi-

dation of thti accaptor thun:- -

O

U

Knglw ami Wild f Hrr /# jt», HJCtt. lhfJ7), ami CMwald

("Zciit. riiyn. Ohwti./' 30, iJflO, lf.HJO) ajijilirrl HwW* r m i c i ^

ttoa of thu mt!t*hant»!ii c#f j>rtirffiw?i of iml»i^iilal$«ii t<# thu

eanc undrr cunfttduratiuti, M \ Ihr fortonlitm of »xano by tha

autuxiilation of phtmphimm,

Kngler a««l Wild hiiK^i^U^i Hit* following unjiietiei* of

o

o
»\< f O r - If

#f» t

iilit Dstwatd iftijgiisliifi tha i % niiil )itgltt*r tuiidliiliriii fcirm

of phoiphorui wa§ i>r.Kiuo-4 an art

product: -

xt

giving tb* Mtoichiometrtc mtio, I* s O t : : »2:1 which was

actually obtairu*} by
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The fundamental difficulty inherent in the peroxide theory

was raised many years ago in a remarkable essay by GL Live-

ing (" Chemical Equilibrium, the Eesult of the Dissipation

of Energy," Cambridge, 1885). I t 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. I t 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. Liveing 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.
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THI;IIM u MiMiii t n*»:%f

E iht* formation of N/<*II«* J* .I *!*<*iif;ly * n*l**ih* mutt r***

Action, wo woiiM f^jif^t* n\ pontl**4 out by NVrn*>t t*' X**il,

KMctrorlirm.," o, Wl f I*KJ:I). tlm* i)^

would «hift OVIT frmii )*»fl l̂ i iijflit w$tli ilrvitiiMti «f

piiriiittrt*, An »pj»t<i*iiiiiif«« $«!*ii*4 ftp* <v*»iu* rMiir«

in (>t|tiilibrifi!nt with n%}x*^t » ! %"iri*ntH t^iujwrnlnrcft* run Im

obtairtf*<l by iw«* ifi*irjw î4«*i«t tu*-tb**lft» fr<»ti> n ra!rtilniHii) nf

the Vftlw* of K* tb#* •^|iiilibri»m r*imutnt l#y ttifttti<» f4 th#*

«*nl t}i»^*rrtii, «H %rll an fr*««iii III** UKM* rv«**I mi n*tirr?*

Ac;r<#rdin^ i« lb<* N« «i*«t in^ii llirorf*itt C" Ajij*fir;iii**wii of

Tbi*riu«Hiyniinitc«i to n$rjm»tri4" hilliwiii f#iTtiir«*## 1WKJ),

(}riuii«iim Cfl Ann, Miyn /* J 6 , 4«l, l!fl#ih hi l lu/rr C- Ik^ch-

nting Ch^mim'h^r AfliniUt4-tt tmrti ilriii N!«nfi«tidfffi Witrme-

tbooretit. Alircnn Htiutfjlttnif Kitrkir/* I*Utf), n mttipfo »x-

for the wjuiJibnmn rfimunt K, m h*»iM#»K«*iir<m* gt«»

« n In* nhlmn^l its t«*rtti« «f known t|ti«fititi«fnt

two hmk mmmnplumn nn* III^II?, (ir«t!yt that iht

untropy of a crifiiii»imr<| rhottiimlly h<niirigri}©iif$#

i t lhn nlnKiInit* wro, IIMI m*ean*llf. thai ih^

heat «f

from a
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CF - 3-5 + 2£T,

where C,, in tho molecular specific heat and y9 a constant.

Making these two ansumptions (and much experimental evi-

dence han been adduced to prove the validity of the Nernst

heat theorem), it is easily Hhown (loc. cit.) that the equilibrium

constant can be obtained from the following equation :—

loR»K - 4 . $ 1 T + 1-75 2v log T - ^ / ^ + 2»C,

whore Q is the hc»at of reaction,

and pjt + vhb »» j / ^ + i>rf<#

y •• y« + i^ - ^ - /̂>

i/<t vHf v,, v$t being the number of molecules of such fipocies,

a, /;, /?, «rlf reacting, Crtl C4, C o C,< being the go-called chemical

conntanta of each element or compound reacting,

and 0 - ^ r - ,

applying this aquation to the case under consideration, viz.:—

*2O3 - 8Oa + fi8P000 calories.

%» - [2] - [3] - - 1.

S i* - (2 x 8) - (8 x 2*8) - - 2*4.

Information as to the specific heat of ozone is at present not

available, but with Pnllitzcr, we may.assume that its value is

not vary different from that of tho other triatomic gases, such

as sulphur dioxide, which has a molecular specific heat of

10'§t then

" " ^ 2 x 800

Hence

. v 68,000 . _ r , „, _,_ 0-005T n .
log K, - - i r * s 1 ¥ - 1-75 log T + v.TPff ~ 2 4 .



46 OZONE

If x be the fraction, of oxygen converted into ozone at equi-

librium, then since:—

when x is small, and p is the total gas pressure,

log x = - | § ^ ~ - 0-875 log T + 0-0005T - 1'2 + * logjp,

from this equation the values of x, and thus the percentage

of ozone present in oxygen at equilibrium at various tempera-

tures, can be calculated thus:'—

T° centigrade.

1000°
2000°
3000°

100a
io-8

io-5

io-3

P = 10,000 atmospheres.

io-«
io-3

io-1

I t 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 ir, and the other with ozone at the same

temperature and pressure irl9 is given by the equation:—

V - V . - ^ l o g - ,

where Vo represents the value observed of the potential differ-

ence O2/O3, at one atmosphere, under conditions of reversi-

bility.
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T h o r n c x i K t s c o n s i d e r a b l e u n c e r t a i n t y a s t o t h e v a l u e s o f

V . , t l m 8 I m t h o r a n d T n g l i s ( " Z e i t . P h y s . C h e m . , " 4 3 , 2 0 3 ,

VXT.l) o b t a i n e d t h « v a l u e V o - - 0 7 3 6 v o l t s ; N e r n s t ( " Z e i t .

K h ' k t r o c h o m . , " 9 , 8 0 1 , 1 9 0 3 ) , V . - - 0 ' 5 7 ; F i s c h e r a n d

B m t m c T ( " B I T . , " 3 9 , 3 ( 5 3 1 , 1 9 0 6 ) - 0 " 6 4 , a n d - 0 " 4 6 v o l t s .

C a l c u l a t i o n f r o m t h e v a l u e o f K o b t a i n e d b y t h e N e r n s t

h e a t t h r o r r m a « f o l l o w s , y i e l d s t h e v a l u e - 0 " 8 3 v o l t s : —

• • • « • •

- 0-0005T + 1-2)] - - 0*83 volts.

It in f*vit!«*nt that i{ the pressures of oxygen and ozone are

m> AtljiiHt<*ri that the cell shall have zero E.M.F., this will

ropriwnfc th« equilibrium conditions between oxygen and

V, - 2 i r log - f

log - - 5,

2 F V
whc*rr! A in a constant »» ^ °

Th« value» of the percentage of ozone in equilibrium with

oxygen under one a tmosphe re pressure at various tempera-

tur&s, as calculated from t h e above equation for the two

extreme values of V#, i e . V # - - 0*83 volts and Vo 0*46

volts, are given ia the following columns:—
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/Vr

10
1
Oi
O'Ol

<>/

OZONh

lf >7U'
r,Htr

It will be noted that in (hit ralrulafmn tin? i-hnnw in

specific hcatn of the* #i»< s with alti ration in tin* trinpriMf nn-

have bcun iH^lect<;rl, ronneqiniitly tlt«* viihn*>t are proimbly

Homewhat too hi^h, and in vittvv f»f fh*' %VJ4I tlim'r«-jmiu*ieH

botwoentbc* two vahte<4aurx|H'riiiti4t2l:il m\t'U<rtn\tmli<*in*f the

oxygc»n ozone cleetroiuotivr force, would !*•• very *le-irabJe,

b'rmn tlie forej{«>in*{ronHi«Ieration8 we njtmt eonrludi that

tho quantify of oxone in equihbnttiu with Jilnif^jiJu-ri*1 n.\^^*n

at normal temperature and {jreHnnr*^ is w-imvly d* I• vtlible,

and that if pn*»i*nt in measurable rc*nr<*nt ratI<*IIH undt-r lh« ^e

conditions true **juilihriuiii dr^s not obtain Furll^-r ap«

preciable quantitienof (mtmu may btn funned ill hifj

turtm and should be wtpubht of dfterfion and

The n»tittiation of o^one in R4M*H whteh hav** be«ti brated

up to a high temperature, i*» HOUU whut dtftietilt owin^ tu the

fact that oscone rapidly undiT^cM*^ flermiuposstion to it*

erjuilibritun contifiitrafion dunny tlw tu^htpj «#f lh<* Î HH niix-

tu tu Duwar (" Yittir Bonk ItJ., ' f ss^« ' k K 7^ iuft*rred that

ozone had two <:tmf reft of Hiuhi)tt>% one above the Juejf ing*point

of platinum and the other at ordinary U'tniwrninrm, whiint

between these fcmpfratun** ozonu in d**cumpnHw\. Vha\mn%n

and Jon<iH (fiTrftn«. Chem. Hoc\," ^7» 24R:if 1U1U, and 99,

1811, 1911) »howitcl that at 100 C. mt&rly 75 | « r ermt of
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the tmmv in uxcvhh of the almost undetectable equilibrium

amount in destroyed m half an hour, whilst at M)0o C. it is

practically in »tiintanemi8.

Th*1 explanation of thono ohnnrvationH of Dowar in that

tin1 vrlority of *li mm|KHition of ojctmo from high tomporaturoH

down to 100 C, IM rxtrmmsly rapid, whilnt holow 100" 0. the

vHortiy (?f di^'Mtnpimition II^COIIIOH inarkcully slower and tho

ozoiw h\t}H*t\n to \m Htablo on account of tho cjxtr«inoly low

velocity of dcrtmipohition, th(* cKjuiUbrium biiing ufrozon>;."

Tins i*arli«T cxpurimc*ntB of Hchotibcin (Knglur, "Hint

Kritic Stnciicn tibr*r Ozrm," Hallr, 1870)r Bottger (" Ann. dor.

CUu*!!!.,11 ias.-W, IHOl), I*incu8 (<- Pogg. Ann.," 144, 480,187J),

Htruvn ('• Hhrmht*. t (Shorn./1199* 1H70), and Traubo (<( Bor./ '

iS, I HIM, 1HH5), all indicatad that amall quantitioB of ozone

wttra formud during th« cornbuntion of hydrogen. Similar

results vnvtv obuinud by the combustion of coal gas, notably

by Than ("Jour, f, P m k t Chotn./ r » t 1415, 1870), Loow

(utAvtL f. (liera./1 H> 1H70), Iio«vay (## Bull. Hoc. Chora./' 3,

2, UfiO, 1HS1), whilst JianghiliH domonntratod th« presence of

0/.01H) C*1 Z<it. I'hyu. CJhuiii./* 46, 1903) in the oxygen which

had \H>m\ raiwul to a high tempcraturo by the combustion of

aluniinium powder,

Contemporary with these investigations, others were

carried out on ill© iynthems of ozone by meroly heating air

or oxygon by means of an independent source of heat, as the

objection may be raised! to the former experiments that the

own© may have been formed by chemical activity (see Gh. III) .

As catalytic agent hot platinum or silver was generally

employedp notably by V. tier Willigen ("Pogg. Ann. / ' 98,

511, 1831), Memsner ("Neue Untersuchungen iiber E l e k t



50 OZONK

8auerstoff,"(iotUngf*n, ISM), Lrroux ' " (Mi . . " 5».

TrooRt and Hautofcuillo ( " ( U l f " 84, Ufrt. I*w7», I

(" Wied. Ann.," 32, 18, iHWhami Klst<Tun«i (}< itrl ' " \Vnr|.

Ann.," 39, 912, 1B90). Troost am! Himii fi ui!!i /«*\ *,/.)

ilcstcctctri tho presenw (if nztmv in usyi'm whiHi u*iA invu

heated up to only M<>0 (\ Tin* nsy# 11 \va In* if' 1! In \*;i n^r

through a porcelain tubr maintain*'*! .it I MJO (* In «»nhr tn

effect th« rapid cooling of tint j»an a wall r r*>f*It<4 * ilv« r tul»»*

passed along the axinof tli«: porn-kin tu\n\ fr;unph > t«t *»\) J;I n

were drawn from th<* annular Kpan* bc»t\vn*n t }#t }K*rr« lain

and the Bilver tub«m by aHpiration through n MJMIJ HIIII* tnb«

which paRScd into thr nilvnr tubt* itM*lf.

X (JleinentH, at Nornnt'H instigation in P.WH v* Asiu I 'h j^ , / '

14, '134, 1!KM), rcvit*wi*d tint wbolt* Hubj**rt nn*I vmtit* Ut lh««

conciunion that many of t\w pr^vhnm^hMrv^r^ iuul nn *t.ikt*n

oxidoR of nitrogen or hyi]rogi;n piroxirli* U*r U/MIW. Hy thi*

use of Arnold and Muntfc*!'* ti?traiii*-lhyl bji*»*» jinj>«r C* H«*r..M

35, J324, and 2902, JiK)*2|t whinh is (1IA^UU'!I<( for o/nm*,

howftd that tmmv, rr>uhl b<* il*"t^*tf*t| m tfh»- hut

from a Bunntm burnrr, but only in vrry ^tw%\\ ^\m%n%\t\v^

(Totramathyl base p&|mr IH NtaUul to b* wumtsvi* \u 0 fiol p«*r

cent, oscone.)

By tha passage of omnimtA air ctontatmn^ 1 |#« r wnt, of

ozone over a glowing Nfrtmt filamftnt tnainUinH at !0<K> (\

at various specdn up to BO rmn, p w wcfintl, hf SKIM#W«*«1 thai

tho rate of decomposition of ogonc wai cxtri«tiittly rapid, I

per cent O, linking to OtWi per mnt in UUQ1 M&OIK)*.

In paBBing air ov**r a Ki?nmt g b w e r CVI*M whrrt brut*4 up

to «UXX)VC.» only oxidm of nitmgnri wrre olitaiitri:], n rwtull

which wan eonfirtuifd by KOUMI (M(ian. ("htm. t ta l . / ' j s» U BU,
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VA)Z). ('l<»mt*nls, howuviT, confirmed the formation of ozone

by npark di>*c:har«o, and Hrodc f 'Zei t . f. Elektrochem./'

I I , 734, UH)h) ohmTVi'd thtt formation of ozone in the high

voltagr «»"«• at 4000 ( \ Ozone formation in those latter

CIISVH may, h«»w*:vrr, be attributed to the action of ultra-

viulft lijijlit (srr j>, 71M or cihurfricai ioniKatiou^ and not to the

rt'Htiit of ihfM'HtublihhtiH'nt of a purely thermal equilibrium.

Kihchur and his c:o-workprH Hrannnr (4lIJor.,M 39, 1)40,

laOB), Marx (" U«r..M 39, :w:Hf lf.K)0, 40, 44H, 1907), and WoK

(" IJor.f" 44, 2»3fi, 11)11) rtittliMid from Troost and Ilautofouille

and CUoiucuits* experiment** that rapid cooling was essential to

preserve* any omna which might be formed, from secondary

thermal decomponition, during the process of cooling* to the

point when; the reaction ot decomponition wan negligibly

BttmiL They nhuwvil by a HorieH of interesting researches

that ozmm could be farmed by thermal methods provided

that thet right c:onditionH were obtained.

ft was nhown that o/«ono could be produced by plunging

a jc?t <»f burning hydrogon or acetylene into liquid aiir, the

ozotw foruuHl by the local heating being thus* preserved by

rapid cooling.

When liquid axygcin wm substituted for liquid air, large

quantities of ir/mm were formed and the liquid rapidly be-

came dark blue in colour, similar to ainmoniacal solutions of

copper «alt§i, Whcm an electrically heated platinised wire

wai* itntnorscd in liquid oxygon, practically no ozone was

farmed. This somewhat unexpected result was shown to be

dun to the fact that the platinum wire in the liquid oxygen

underwent dispersion into colloidal particles which catalytic-

ally accelerated the decomposition of the ozone. A bright
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platinum wins protected from di^pi r*um 1<\ a r^; i im/ af the

oxides of zirconium and yttrmin, {4a\i n uniform \u\<\ of

ozone. Using a glowing Nern ' t fsluiu* u! m hjtud an and

oxygen, ozone, wan produced and no nsi<ie.M»f mfn»; * n. The

yield of ozone* rose Mmdily ui th m m n in;f f« mp» 1 this*, tin-

maxiiuuin cf|uihltriutti aitiouni h<-inj; 1 '.f> j** r <•« nt 1*> wvii'hi

at an apprnxima!** ttinprmtnri* of 2iun ( v , 1 fi;»ur« wlnrli

boarn a Htrikinyiy flo -̂i* aj:n * i»« nt fM thai uf*f,iiin 4 hj * <dvnln-

tion from thtj «*li*cirnnif i n r forr* of UHMIXV^IU u/,uu* «'*]],

Taking VM - • 0*-Ĵ » volts tin * mm "p >tuh to an «' |uiJifti ititu

amount of 1*5 \n*r ct*nt. by w* it'ht at ' io js c1,

Utiiining an arc in lujuid air a mixture «»f u/um4 and iu(ri>-

gen pcroxidi* wan obfautwi whifh fi^jti«*T*tly **x|>l««l**i \%h«n

attamptn wort* madr to w pnrat« Uu* r< Huhiui oxyp 11

Tho maxsmuin yi^W t»( u/^yir ohtAtnt «I by mt»im fif a

glowing Ncrnst rUaiucnt in li«jutd tmyn^n WII^ 10 i?4i:ii4^ in

twonty-fiv« minuivH with a currnit ruiiHiaiitptioti nf t) 25

atnpcrus at IOC) voltrt I*IJII:U in n, JJIUI rif I! ft î rufiî  *4 o/**n»*

per kilowatt hour.

Kinchor having thiiM di*mon«tri*i«v4 tl»: thermal prmlurtum

of oxomj with thu aid of h*juid airf {iroc«*t«cirtl t« t ^ t rnd

ClomontH* exprrimeiiti on thf* producttun of 07,01m by pit^im^

air at a high flow mU* over a glowing Nirnut filni?ii*iit, Wn

hava already noted that CitmiimU wa» not *!•!«• t<i det**rl

thermal »yntht*»in of ozrmo with air-flow* nf Im«*ar

up to 80 cmK. per naeond, Kitchar and Marx, twittg much

higher velocities, «how<id that osono wm fannml t tndtr thcie

conditions and obtained a *rrte* of interesting tmntlu by

studying the conditions of oxidation*
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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

N2 + O2 £ 2NO,

have been obtained by Nernst ("Gottingen, 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. Co?tcentration

°C. of NO in Air.
1811 0'35
2033 0*67
2580 2-02
2675 2-35
3200 5-0

Jellinek Qoc. cit.) 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

since 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:—

Temperature. Time in Minutes to Effect
°C. 50 Per Cent. Decomposition.
900 7*35 x 103

1100 5-80 x 102

1300 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 j*l**%\in;* !iluu*iif, <>n'v MtJ«i« *«f it'fi^?*n

flhould bo ohtainu! : uifh ln/h* r v* 1 nt;* iuiWw* <4 ^/,unv

and nitric oxide, ;tnil uith v* n hi *li v«! ?• < <»nh w^tie,

rate of fWnriUnn nf jmti j« < *,?i w \%'-<i , j? M?I* «*f

Hitifin is ht n jblv !« t ie! . th*i « f ^/j*n» A wj j In

from the fo3I<min;» fvnn* t*\*nn «4 l«\ ] t rh« r ?*nd

Marx, tiflK th«nret3ri) c!< 4u<*11̂ 21 I r»n,|s> etj;tij||4«'l J*y « t-

f>criinent:

Mom lUiU* m 1, i w* l,h .

At flow rat I*'* oxr^f <lai{f «'»̂  m»!r* j*« r *«" *•*'! ?M <>\J<1» t r*f

nitrogon roulrl b*» *ii I* r't* 4 m fhr :ur It*n ^/* t§» w.m nh%;iyH

present. Thr y»*l<l «f <*/"IM* W*» jn<!«Mari-»i l<»th }*y UH»

Ujinperattirc11 r»jf tin* ;;ln\viiij* fihm«n! JI W*JI IV\ l*y H*M

linear velocity of th«* 14:1̂  Ii<»\v, n*» h***u m tli* n^|^jn«lnl

h.

tnw c» o,r* i u $ /»* i I*I



I'sfarifi/r
inMth-fU I

:\0
U
hi
HI
lit

Tin

if Air

KMATi PI]

Weight i

—-

A if.

•.oinrcTio

'<fr Cent,
iti

-

Oxygen.

at 1800° 0.
0-Oli
0*010
0 021
0-0 if)
0*0 its

0-019
0-082
0-001
0-080
0-052

N

Chm. 0
Per Kw. lit.

0-29
0-85
1-15
1-28
1-07

In tho prcsc»nc(j of water vapour, the yields of ozone are

ably lower, and hydrogen peroxide is formed. The

infhu*nw of the water vapour was likewise investigated by

with tho following results :~ -

Wt. PerCatit. Wt. Per Cent.

10 Lilra.

OflO'J
BO .

W'Q .
Hi.

0-0176
0-00206

O'OOiMfJ

0-00105

0-00070

0-0X1

0-081

0*074

A c c o r d i n g t o thin i n v e s t i g a t o r , t h e f u n c t i o n of t h e w a t e r

vapot i r w h e n prtmnnt in b u t Amail q u a n t i t i e s i s p u r e l y c a t a -

l y t i c in c k p n m s i n g the* y i e l d of o z o n e b y a c c e l e r a t i n g t h e

n o r m a l d e c o m p o s i t i o n a c c o r d i n g t o t h e e q u a t i o n —

2 0 , - * 3 O a .

W h e n p r e s e n t i n large q u a n t i t i e s a r e v e r s i b l e e q u i l i b r i u m

o b t a i n s a s f o l l o w s : —

O» 4- H A Z H | O + O , + 2 0 .

N e r n e t (loc. cit.) h a s c a l c u l a t e d t h a t t h e r a t i o of t h e e q u i l i -
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brium concontrationn of Oti und O formi'd acnordinjt to fhr*

rever8il>lc equations

in as H F to 1 or atomic oxy^tin w pr«*^nt m ;i

ingly small eonccmtnition.H; conM*(jut*nth%in

th<̂  yirsld of oznno and nf hyilro^i n pr*ru\irl«* in fx

small. Kihch<»r wan thus AM«» to pr^par** r»/*mi'f

or hydro^rn peroxide, all «»mlotluri»i«* roiupoutidH, fmiu air

and water vapour at will by contrnlliu^ thi munition'* »o u^

to tako advantage* <̂f ih«i difft<r'*itt raf#*% of fonimttnn and

of thiwi hubhtantrs at
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THK KLECTROLYTIC PREPARATION OF OZONE.

As rarly an 1H01 Oruieknhank drew attention to the fact that

electrolytic oxygen, generated by the electrolysis of dilute

sulphuric a d d at insoluble anodes, frequently contained

ozonn.

Snhonboin (" Ann. I'hye. Chora./7 50, 616, 1840) showed

that th<i optimum yield of ozone was obtained when the sul-

phuric acid electrolyte contained 23'5 to 261) per cent, of

KUlphurie acid ; nolutions of phosphoric acid when submitted

to eloeirolyaiH likewise yielded small quantities of ozone in

the* anodic oxygon.

Do Marignac (" O J i / ' 20, 808, 1845) appears to be the

first to point out the necessity of using cool electrolytes for

ih<* production of oxono; similar observations were made by

WillianQHon (" Mem. Chcra. 80c, / ' 3, 395, 1845), H . Mei-

clingar ("Ann.,* S8, 67, 1853), and Baumort (" Phil. Mag./1

4»B,51 , 1863).

The n«xl advancn to bo recorded was the observation of

H. Moidingor (" J .C.S./1 7, 151, 1854) that small anodes

ware essential for the economic production of ozone. With

the aid of an electrode only 20 mm. long by 0*5 mm. wide, in

a sulphuric acid electrolyte of density 1*9, he obtained 0*3

per coni ozone in the anodic oxygen.

fiorefc ("Pogg. Ann. / 1 93, 504, 1854), showed that the
(57)
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quantity of oscone liberated in tin* n%yj:r» n wan «l«*t» numed by

various farturn. AH «'U <*tru«l«* material, bnj'ht pUtinum,

gold or platinum iriilnuu wwe found inn f MntuMe, sjnei*

other Hod rude mnti rmls sneh ;*•• *il\er, bhek |»" itintini,

or oxide anodes, nurh ;t? I* uH, irun or ruunjfan* ^\ rxwt a vrry

considcTablr activity in th«* rutalytir d* rnnjjin»,it}on <»f any

ozonr which ini^ht hr tnrnml nt tin- Mtrfa***

The* ti'iupfraturr of th<; mlphurir arid < It rtr^l) V mu\ also

of thi* anode if^-lf j»layi an tut]>r«rt n*t jnrf J?I «4*t*imuiî

nilativ<*ly lar^i* JJI'UIH of r»/oii«\ Sor«*t {?*>? <<f Mj!»t-u!i«*d the*

following o/,rmp rnnr^tttratitJir* wh» n

and d

Tnnwrutnw, ^l s *f ?

ill i\ , \ \
IT C. . »V

I)t» ia Vnnx V* I/O/Mji**," j», 7Uj ;»IVI 5* th«- f**U<*\\*n,r v.Un* , f«»r

the volume jx-rrHitntfr of n/oiit* !J}I* rut*-*! 111 t|j«* ^\)i*«u at

different iempemturrH ;

Kleckfiiylt^ H.HO,; I f / I ; ; I : ft

r#*c ex ,

Antln:WH (•• Thil. TrwtH/* •, lKf*c>|, p

cent, milpburic acid an Hrrtn4yt»# and n tnmrh of ftlminttfti

wires m anode, kept cmA during «itectr<flyfii* by itntucrHton of

tht* cell in ico water, obtained! 0 H!$ per r#?nt »/«in*. Krb(>nct

<l» 1274, 1H73) claimucl the |>r»ductiuti *4 :»'2M to
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H-G per emit, ozone, and Cariun (" Ber.," 174, 1, 1874), 3'44

per r e n t of ozone by similar means.

Bortholot in 1H7H (" O.K.,1' 86, 74, 1878) observed the

formation both of ozone and hydrogen peroxide in sulphuric

and other electrolytes and that high anodic current densities

went essential for the production of ozone. The conception

of anodic current density as distinct from the utilisation of

small anodes marked a fundamental advance in the electro-

lytic synthoHis of ozone.

PorHitlphuric acid (IT3SaOH) is simultaneously produced

when very concentrated electrolytes are employed.

Thn invoKtigatbnH of Borthelot were continued by

Riehar/, (" Wiedemann Annaien./' 34, 183, 1885; 3** 912,

18R7), who determined the yields of ozone, persulphuric acid

and hydrogen peroxides respectively with various current

densities and varying sulphuric acicl concentrations at 0° C.

Ii will be* noted from the following tables that Richarz con-

iid the pnsviouB observer^ results as to the necessity o£

anode current densities and relatively concentrated

electrolytes : —

Calrnlfttfd
a/ O3 Ltbrrnttd Yintd 0/ Oxygen in bits Form of:

dnrtnq a 1/tflnU*
Ttiwt. Oxtme. Per sulphuric Arid.

IMrtw. JAtren.
U-l . . . . — . . . . 0-08
»7I . . . . — * . . . 040
7'47 . . . . — . . . . 2*32

17-12 . . . . 0<H . . . . fl*08
80*0 . . . . 0*11 . . . . 10-25
40-4 . . . . 0*20 . . . . 24*70
05-7 . . . . 0*61 . . . . 89*00

• M 45-00
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sq. cm., as is evident from tho following figures taken from

McLeod's data: —

Current /Vn Hy MoU. active* (L
A.lSqJhu. Acid Iknntij. Per 100 MOIB. It.s

cvolwd.
M . \'()U . U-OH.
6'J . . . 1-iO . . . SJO-HO
(M . . . . \'\l> . . . . 2fr8

With UHJ introduction of the ionic theory by Arrhcnius

and van't Hoffin 1HH7 a marc Bysternatic invefitigation of the

anodic reactionn taking place during the electrolysis of dilute

sulphuric acid was commenced.

It wan tfhown that if the potential difference between two

platinum olctotrodcn in dilutee sulphuric acid be gradually

raisixl and the currant intonsity bej plotted against the ap-

plied electromotive force a neries of break** occurn, which

breaks, on the ionic theory, correspond to different anodic

ionic discharges, the dinchargc of hydrogen being tho only

cathodic reaction. (!aruful investigation has shown that the

ionic dmch&rgim associated with c*ach break in sulphuric acid

and electrolyte arc* as follows :—

P, I), Anodic Dkcharge.
im o" -*o a

1*07 . . . . . . . . 2OH'-*Oa+ HaO
vm BO4 " -> 11.̂ 04 + o,
2-fiO . . . . . . . . HBO/ -> (HSO4)ff

In 18S9 Nernst, by tho introduction of the conception of

electrode solution pressure, pointed out the method of deter-

mining the influence of the anode potential oa the discharge



of anions without having to tnk<* into account any

react ionn.

ff a platinum electrode lu? B*I turn ted with ox^r< n under a

definite pressure at a temperature <>f fIf * :ui«I uniuen*ed in a

nulphunV. arid electrolyte, normal in re p«rt tu it*» hy^lrion

concM»ntrati(»n, i*l«Ttrira! t^jtuhhruuu will finally l«« ;irnvi*tl at

biitw<«*n tlj*" f>xy«*i*n inolirulffcs atntun nml mu* in tin* I»1IT-

trodc* anil ohrfroijtr , tin* < lrrtr<«li* I*ir«*inuijf

char^eul rc»lativr!y <n th** wi]nf?«»ii i>y tlir «iiwhar

tiv(»ly charged oxy^in i

and a condition of rf|uiiihrituu %vill ahliun wht^n th<

clifTuntncc JMitwcrri m^utiori and t<lf*rirmlt* In

great to prttvtHit t\w d iH 'ha r^ of any nuori*

ff V \m the dc«trudi-i*!i*<ttrr#lyii' poti'itfial tJifT*rrnn%

/i()a and /*.()" thi*. niolrcnilar chiitiicit! jiotrntiulM ut UM* •ixyj,;c*n

gan in tho Îr?ctrod<% and of o%yj**n ifinn iti th«- hrihitinit, then

if we imaginu tht* tratinffrr of a rftmittaty of «*!*>rtri«fity i* from

{dwtrodf? to Kolutson, thu i*!fjctric:at work will !i** f*<|ual to

- V5«, th« change in niok^ultir chi-nural j"»«*t«-ntml per tucil.

will \m fd)t
 £ifi(y\ iherrfonn the wortc flon« rm lh«

of thin quantity of deetriciiy in n\nni to

where e in the charge mmn-mUd with urn- ^ m m tun of

monovalent t l ennnt .
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If the1 conditions o£ reversible equilibrium obtain, then

Now /tOjj - TC^Oj -f- J4 tog 7T()M) for a dilute solution, where

(f> is independent of the, concentrations, it being merely a

function of the temperature,

similarly /*O" T(t/>0" + Jt log CO").

.-. V T

H T . CO"
,. log

Further, since in aquoouH Hulutions

yuO" + 2/tII

tr t/ H T .

which giv^K an c*xprckHHtc>n for the variation of the oxygen

electrode potential, with alteration in the hydrion concentra-

tion of the solution and the prcmnure of the oxygen gas.

The value of V» in approximately - 1*35 volts, whence

this value of the cathode1 potential for a hydrogen electrode in

normal hydrion Holution under a pressure of one atmosphere

in 4 i'OB - KW *- - 0*27 volts.

If an oxygen eioctrode ha set up against an ozone elec-

trode, the difference ia potential between the two electrodes

COD he calculated in a similar manner and found equal to :—

Luther and Ingli* ("Zoit . I Phyaik. Chem.," 43> 208, 1903)

first attempted to obtain an approximate value for V / by



C)4

measurement of the* potential diitVrenri! h«-tw<*rn un

and an ozone charged platinum <»Irctrodt» imin<!r*r<d in dilute

sulphuric or nitric add. Tiny obtained the* v;*lm* :• -

v ; » - O'7ar» voitn.

We* havi* not«*d that approximately tin K»IM« VMJIH1, viz.

« O'H.1 volts ran hi: oUsiincti hy ralculatimi from tin* NVnmt

heat thc»on*m. Salmi'ijtifnt invi*»»tijL*-ttorH hn\r Uminl ctm-

Hidorahly low«*r values: X«*riiht {" Zrit. Kli*ktr»^rhi'iu.,M o» HiJ,

190*i) ohtmnvil t)w valut? V - 0 5 7 , aii«! F J ^ ' I H T AIK!

volts. I t would apjM'ar from tin*«-xpfritta ntn of th*M* l:itt«*r

obscrvcrn on the thermal i*r|nthbriittu, that thf l*nvir valm%

viz. - 0'5() voltn in probably mart* com*ft. ft in pm^iblf?

that the* higher valwn obtain«'d by the t-arliKT i-xpr-ninrntrrH

were ocramomd by th r priwriftMtf ox«>£«*n«* O# in thr

round th« ricctroch*, ami 11 rrinvf*itij{ati«in of thin < iu

reaction in <*li»arly rmtnt-ntly druirabJ**,

From th« abavt*ciilrtilafum it i* evident thntuu i*xtrt-mt«ly

high anadf poti-ntinl i% r^jutrrd U* rMiiovt- 0J»* fornmttou of

ozonn, whilnt, in ordrr in wmnn* tin ntubtiily wtii*n productttj,

both alectmdu and ••li'irtrolyt** itiunt \n* kfpt fold ,I*'iJttfht?r,

MasHcmtXi and itandiKHohn (MJ!«*it, Arior^, ( l i r m , / 1 si» %)%

1007; If, 229, 1907; 6 i , Kl, IKJ, llimil, n-»liwn« th**** im-

portant factorHp !inprovt4 i*pr>fi Mcl#i'oci*ti r'^nltH t#y a

the artifice of watf*r-wot<4*} ••Irctrudt*'*, in addition in tli«*

ptemnnUry cooling of th« **ttt'trolyt**,

la their earlier oxpnritnt*ntH, 11 mnAU)ilattnufii inhn 1*

long wa« wmbd to two terminal ghm ln\m* and Hfrvrd mi

anoda; thn tu\m ttneif wnn covi-rird with UIAIH with only a

thin strip, 0 4 mm. mid% nsposed to the tsioctrolytc<
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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, 0*01 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 = 1075 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 oz&ne per kw. hr. from its heat of formation, i.e.

34,000 calories, the yield of 7*1 gms. per kw. hr. indicates an

7*1
electrical efficiency of only TKXF: = 0*6 per cent.



R Kinrhcr aHMitu**d tint tin pmuuv 4i htr'» of

occurn according tu th«* t<|imts«»n

which tmmv m partly d* rumpo** <! bv t ht * *?4\tj* t*fi* n of

the1 anotlc surfuri*

()thi*r, but !« hh i\\\r,icm\i* n\* th*><l lu%* 1»• » ^^+^H!M1

from tiim* in tim«' f*»r nu^iti^ f!i* 'inotb <h fhtif# p»?*iilia!,

and thuH iiirn*iiMnj4 th«* >i» 1«1 of u/u»« I) n*»v»« III4 (JarrJ-

nor ntiliHi rl a hiitiaratrii M»lutiui» *»f |K.U)» JUIU JM nnaiv'Mmtf

in from 5 tr» 10 pi#r r«nt of Hiilj4iiiri* *mt|, ui4 **hl*iiii*̂ i

ralativfly hi^Ji cnnrrntrittonH nf «>/*«iit , tliiniuj* i«i<l nai

hkcwiKt* !«• Mibfttiiutf 4 fnr ili«# j»* rumru'tin if*

Bt. Kditit* atloptrd tin* K*m« ulrU ni^* n\« n in* fli«*4 «f

II lii|*h amah* <wrr*iif f!*n*>ity, \t\ *ut]*\uyn$

vtjhl&U of phtmphnnv mul, ur r4«+tir pt4»t*h or

a, an tin* t»Ii«firnlytf*

In thifi way, llw Hirtmlyt** wan $JJV# n »nlJi<%t ut

tivity f<ir paiw!^^ n{ i}$»* rmr^iit^yttl lit th«* wutu

point contAct Iwtwi'Ht lh«* turnnlfni**! rry^tnK niifl th**

wag i«nmirf*d

Archibald anrl van Wnrti*nWrn <** K*it Khkirurhmt ,M iyf

812, 11)11} poifitwl out ihfit tb«* low VIH<1*« of <#/!>«*• arrr»in-

panying thi* Hwtrolytif cli*roiiipn*UiMii of ihlntf mtl

acid w<*re probably «>cfji*iion«ttl by th*« high tJrgr*** f»f

polarisation that wan prrHluct*d whrti opftntin^ ut high rut*

nmt itenmtivn, In m$*m*tm*nt with KiM*hr»r fh«y rotnwlmd

that thtt pnmary formation cif ossam* tak^n placi* according

to the equation-—

30" ^ 0* »f fie,
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u t that the subsequent catalytic decomposition of ozone at

t ie electrode surface

2O3 -» 3O2

r a s not the most important factor. I t was suggested that

l e ozone thus formed is further oxidised at the anode—

O3 + 0 " -> 2O2 + 20 ,

Dnsequently, if the anodic polarisation could be diminished

d t h o u t alteration of the anodic current density, increased

ields of ozone could be obtained, since the secondary oxida-

o n would be diminished.

A series of experiments were carried out in which an

Iternating current was super-imposed on the direct current

owing through the cell; this method of reducing the elec-

•ode polarisation having been utilised in the Wohwill pro-

^ss for the electrolytic parting of gold and silver, and in the

ectrolytic preparation of hydrogen peroxide. As electrodes,

l o r t platinum wires or platinum capillaries cooled with

a t e r were utilised, as electrolyte sulphuric acid of varying

>nsity, whilst a direct and alternating current of variable

sriodicity was applied simultaneously to the cell.

I t was established that the optimum acid density varies

i th . the area of the electrode and not only with the current

jnsity, more concentrated electrolytes being desirable for

g electrodes as indicated by the following figures:—

Area of Electrode
m S%. Cm.

0-04:1
0-333

Optimum Acid
Density.

1*34:
1-478

a e yield of ozone wa.s also affected by the periodicity of the



fi8

alternating current, «*8prcmlly with m m tit «»f)»»% fn >JU* n< y ;

ahovc 20 ptTHwis p« r wron*! th*f Hi* H \%A * u«»t M m irK«*l.

Qurrml. i*t.
/ V i W i >#r i n f »»f. n

tt'fil i 1) .VI
O'MI
O-MJ

11
IV

J O$

i it

It won nnt«*rt that tht* ujipli* 4 puU*ntml iUii**wtm> wn

for tho paHHÂ r «( ihi' ftirrnif rmr until th«« m*io

alternating current C W W f | | # < | :{ ^ | | l r | | ,,v M m k m t | t l

direct rurrrnt

thin ratio b^ratim rrpui! tn fi, which IAH»» ftautd i<» !»• «it

optimum. Thr pr>ti*ntml <iiflV*r**ncv WII** f*itu«i tn ^nik with

incrcsaBing ctirrfnt d«*imity.

Their optimum yirld wan uhtotnrd undi-r tin* Mlawittg

coDdttiona :—

Electrode arm: - O'SS3 m| ctu |>«*riMtItctty 1H v p» r MU

Temperaiurr: VS* i\

Acid density: V41H

Currmtt. 4 0,
O.C,

Anrt*

Vurrtnf,

The mait important rtiiult from a tutlinirjal p^int ni vmw

vrm the ^ffaet of the* alternating current on thu potential
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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. W e can calculate from the above

data the production of ozone per kw. hr. as follows:

96,540 coulombs or 26*8 ampere hrs. liberate 1 gm. equiv-

alent, or 11'2 litres of oxygen gas. Under the conditions of

operation, however, the liberated gas contains 37 per cent,

of ozone which would result from the condensation of 55*5

per cent. (37 per cent. + J 37 per cent.) of the oxygen, which

weighs 4*40 gms. Hence 26*8 ampere hrs. liberated 4*40

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 26*8 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;



C H 1 P T E E VI.

PRODUCTION BY ULTEA-YIOLET

I N 1900, Ph. Lenard (" Ann. der Physik," i, 480, 1900) , utilis-

ing a quartz mercury vapour lamp as a s o u r c e of energy,

showed that ultra-violet light of extremely short w a v e length

was an effective agent for ozonising oxygen. B o t h Lenard

and E. Goldstein ("Ber.,J) 36, 3042, 1913) sfciowed tha t

ultra-violet light in the Schumann portion of t l a e spectrum

within the spectral region \ = 120 \JL\L to X = 1 8 0 /ULJJL exerted

the maximum activity in this respect; G o l d s t e i n (loc. cit.)

actually obtaining pure liquid ozone by means o f a quartz

vacuum tube. Begener (" Ann. der Physik," zo9 1033,1906),

who reinvestigated the matter, noticed the i n t e r e s t i n g fact

that although light of wave length \ = 120 JJLJL t o 180 fxfi was

a powerful ozonising agent, yet light still i n t h e ultra-violet

portion of the spectrum of wave length X 230 fjupto X = 290 ji/i

(especially A = 257 fiji) exerted an equally e f fec t ive catalytic

decomposing effect. Ozone is thus formed fcy l i g h t of short

wave Jengthand decomposed aga,in loy l ight of s l i g h t l y longer

wave length. According to E. "Warburg t h e ozoaisation

effected by ultra-violet light likewise increases s t e a d i l y 'with

the pressure of the gas ("Deut Phys. G-es. V e h r . , 17, 10,

184,1915).
(70)
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E F F E C T OF BADIATION OF SHORT W A V E 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

iiber 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.1

The magnitude of the quantum bears a definite relationship

to the frequency, of the light e = hv, where e is the magnitude

of the quantum, v the light frequency, and h Planck's constant

equal to 6*85 x 10~27erg 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 rectilinear in

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; "Phi l . 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
xIt is, of course, possible, and indeed more probable, to assume tha-t 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 s o u r c e .

A beam of light is thus compared to a bundle of a n u m b e r of

Faraday tubes, and light transmission is effected by t r a n s -

mission of pulses naturally of definite magnitudes, and t h e r e -

fore in quanta along these tubes.

The elements when raised to a high temperature e m i t

light in the form of spectral series. I n all elements t w o

distinct types of light emission can usually be o b s e r v e d ,

namely, band spectra and line spectra. Various inves t iga to r s ,

notably H. Delandres (" C.B.," ioo, 1256, 1885, et seq.) h a v e

shown that the elementary band spectra can be divided i n t o

groups related by the expression v = 'Bn2 + /3, where /3 a n d B

are constants, and n a series of integers, whilst in each g r o u p

the frequency of the bands vQ are also related by t h e e x -

pression :—
i/0 = A (m + a)2 + dy

where A, a, d are constants, and m a series of i n t e g e r s .

Again, in the line spectra, J. J. Balmer (" Verh. d. N a t u r . g e s .

Basel," 2, 648, 750, 1885; "Wied. Ann.," 25, 40, 1 8 8 5 ) ,

C. Eunge ("B.A. Beports," 576, 1888), F . Paschen ( " A n n .

der Physik," 27, 537,1908, 35, 860,1911), and J. E . E y d b e r g

( " K Svenska, Vet. Akad. Handl.," 23, 155, 1890) h a v e ,

shown similar relationships.

From these and other considerations (see J. J . T h o m s o n ,

"Proc. Eoy. Soc," 14, 540, 1908; " P h i l . Mag.," ip , 3 3 1 ,

1910); J. Stark ("Prinzipien der Atomdynamik," L e i p z i g ,

1911) we deduce that a chemical element is not composed of

homogeneous atoms or molecules, hut that each a t o m o r

molecule is composed of at least two parts, one which g i v e s

rise to a line spectrum? and the other to a band s p e c t r u m
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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. I t 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,

i.e. 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.

I t can easily be shown (see R A. Lindemann, " Verh. d.

Ptiys. Ges.," 13, 482,1911) that the amplitude of the vibrat-

ing particle in the oscillator emitting light radiation is of the

order 10~9 to 10~10 cms., or from 10 to 100 times smaller

than the actual diameter of an a tom; 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, t h e band

spectra owing their origin to the oscillations caused by t h e

swing of a valency electron about the positive nucleus .

If we imagine a valency electron circulating in i t s orbit

with a definite and constant momentum, a definite a m o u n t

of energy E must be supplied to remove the e lec t ron from

the system. If the electron be nearly but not qu i te removed

from the sphere of action of the atom it will oscillate about

its mean position of rotation and emit light. T h e energy of

oscillation must, according to Planck's hypothesis be a mul-

tiple of quanta, or :—

nhv where n is a whole number, h Planck's cons tan t , and v

the light frequency.

hence E must be > nhv to cause deformation and light

emission; the smallest value of n is unity, so to cause light

emission by deformation of the orbit of a valency electron—

E = hv,
E

or v must be less than —. It necessarily follows t h a t as E ,
n

the energy of deformation, is decreased, the wave length of

the light will increase or be shifted towards t h e infra-red

portion of the spectrum. The band spectrum, of an e lement

thus, according to this view, optically expresses t h e configur-

ation of the valency electrons in the molecular sys tem.

The relationship between position of the band spec t rum

and complexity of the molecule in which the valency electron

is oscillating, can be clearly shown in the case of oxygen.

Monatomic oxygen, viz. 0 , has a band spec t rum in the

region X = 245 pp to X = 333 pp (W. Steubing, " Ann . der
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Physik," 33, 353, 1913). In diatomic or molecular oxygen,

viz. O2, the band spectrum is shifted towards the ultra-violet,

viz. X = 120 fipL to X = 190 /JL/JLJ 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, i.e. the band spectrum will be between the

two former. In fact, a strong absorption is noted at X =

258 fji/ji (W. N. Hartley, " Chem. News/ ' 42, 268, 1888).

The oscillator of the series spectrum, on the other hand

(J. Stark, " Die Elektrizitat 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, et'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 :—

-H- + - —
0,0,0,0,

as well as oxygen molecules of various charges.

R 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 w e i g h t s

8,16, 32, 48, 96.

N. Bohr ("Phil. Mag.," 26, 476, 1913) attributes t o t he

oxygen atom a nucleus carrying eight unit position cha rges

with eight electrons, of which only two appear r emovab le by

methods at present available.

The Mechanism, of Ozone Formation.

We have already noted that the oxygen molecule when

subjected to ultra-violet light radiation of the co r rec t fre-

quency for resonance may absorb quanta of energy. S imi la r

conditions obtain for the iodine molecule in t h e infra-red

spectral range and we may regard the primary cleavage to

occur in a similar manner, viz.:—

I 2 ? I + I

O2 ^ 0 -f 0.

Warburg ("Preuss. Akad. "Wiss.," Berlin, 872, 1914) h a s

adopted this hypothesis to explain the mechanism of ozone

formation. He assumes that the atomic oxygen resu l t ing

from the cleavage of the molecule secondarily reacts e i the r

with atomic oxygen to reform molecular oxygen as indica ted

by the reversibility of the above equation, a point c lear ly

emphasised by Nernst from thermal considerations (see p . 29),

or it may react with molecular oxygen to form ozone—

02 + 0 = 08.

Warburg's experiments, conducted under pressures of from

30 to 400 kgrn. per sq. cm., yielded a photo-chemical efficiency

of 55 per cent, at 120 kgrn. cm.2 and 29 per cent, a t 300 kgm.

cm.2, Indicating the plausibility of the above hypothesis.

"Weigert (" Zeit.Wiss. Photochem,," 11, 381,1912) obtained
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a photo-chemical efficiency of 46*0 per cent, and a thermo-

dynamic efficiency of 27*7 per cent.

The reaction is primarily a molecular one and the energy

of formation of a gram, mol of O3 (34,000 cal.) should have

its corresponding photo-chemical equivalent equal, as cal-

culated by Warburg, to TShv where N is the number of

molecules per gram. mol. From the relationship

(caL) X m c m -

with a value of 34,000 calories for the heat of formation of

ozone we obtain A = 800 /x/*, as the critical ozonising wave

length, or we must assume that one quantum of X= 200

will form four ozone molecules.

Ozone formation may therefore occur without gas ionisa-

tion, a fact which was first demonstrated by Lenard 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 a neutral molecule and c, c\

one valency electron of each atom which has come within the

attraction (partially saturated) of the positive charge of the

FlGK 4*
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neighbouring atom; the simplest line of cleavage is a l o n g

&', resulting in the formation of an oxygen molecule w i t h

bond as link 0—-0, which can then react to form o z o n e —

3 0 — 0 -s> 2O3.

This requires the smallest amount of energy, a n d h e n c e i s

effected by light of the longest ^wave length (> A — 2 0 0 yu/J^)-

The simplest cleavage into neutral atoms takes place gbloixg

the line h, b\ requiring more energy than is n e c e s s a r y "fco

effect partial unsaturation, and hence shorter wave l e n g t h .

light \ = 200 JL/UL. Cleavage along the line d, d' n e c e s s i t a t e s

the removal of one electron from an oxygen atom and c o n s e -

quent increase of energy or light of a still shorter wave l e n g t i i ,

ca \== 180 fifjb. The energy required to move a v a l e n o y

electron which is partially attached to two a toms on t o o n e

atom is of the order 1 x 10~12 ergs, to completely r e m o v e

the electron requires a considerably greater e x p e n d i t u r e

of energy A quantum of light energy in t h e visible o r

ultra-violet portion of the spectrum is of t h e o rde r o f

> 3 x 10~12 ergs; thus with very short wave l e n g t h l i g t i t

electron removal can easily be effected.

Under these conditions we obtain monatomic o x y g o n
ions—

02 ^ 6 -f 6.
Ozone formation may result from this ionisation according t o
the following reaction :—

2O2 +• 6 + 6 = 2O3.
Light of still shorter wave length mil actually remove e leo-
trons from the rnonatomic oxygen ion (Ca. X = ISO

o -> o + e,
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—

6 + O -> b"

Or again, it may attach itself more easily than as above to a

neutral molecule—

O2 + © -> 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
X = 130 to 200 fifh.

Construction of Apparatus.

(a) 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
X, = 200) and if possible free from light of longer wave length,
especially in the region X = 230 to 290 /A//,, 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. G-eselL," i, 23, 1899 ;
2, 163, 1900) have indicated that, with elevation of the
temperature of the radiator, the maximum energy emission
Bm shifts from the longer to the shorter wave length portion
of the spectrum. Even, 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 posi t ion at

' about \ = 500 w, or in the green of the visible spec t rum.

The fraction of the total energy emitted which will lie in t h e

Schumann region of the spectrum Xl to 200 ^ will be re -

markably small.

We must, therefore, reject black body radiators and fall

back on methods of obtaining selective emission and as s u c h

light sources we may utilise the arc, spark, or vacuum t u b e

illumination of various elements.

Arc and Spark Light Sources.

Most metals exhibit strong Schumann and ul tra-violet

light radiation when the arc or spark electric d ischarge is

made to pass between metallic electrodes.

We may argue from the electronic structure of the a t o m

that since the removal of a second electron from an a t o m

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 hv m u s t r ise

with each subsequent removal. Atoms which can loose m a n y

electrons without loss of atomic identity will therefore r a d i a t e

light corresponding to high values of hv, i.e. of ex t remely

short wave length.

The elements which have been most widely used as

sources of ultra-violet light are those of aluminium, i ron and

especially mercury, which can loose as many as eight e lectrons.

The aluminium ultra-violet spectrum has been invest igated,

more particularly by Lenard (" Sitz. Heidelberg, Akad. W i s s .

Abh.," 31,1910) and Morris Airy (" Man. Lit . P h i l . S o c , "

XLIX, 1, 1905), and iron by Lyman (" Astrophys. Jou r . , "

38, 282,1913).
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Mucn work has heen accomplished on the mercury arc,

which is especially rich, both in green, violet, and ultra-violet

radiation, mos t conspicuous where mercury vapour lamps are

used as light sources.

The investigations of Tian (" C.B.," 155, 141, 1912) and

Lyma,n (" Astrophys. Jour.," 38, 282, 1913) have shown that

" the spect rum is dominated hy the broad unsymmetrical

line X, = 184*96 /JL/JL'3. The spark spectrum of mercury is

rich in lines, whilst the arc spectrum contains only a few.

Other lines in the same series predicted by Pasehen have

likewise been observed at A, - 1402 /L/J, and \ « 126*9 ^/x.

When viewed through a short column of air the line'X =

184*96 fjbfjL is replaced by three groups of faint lines observed

by Steubing (" Ann. der Physik," 33, 573, 1910). Ionisation

of the mercury atom by collision commences at \ = 253*6 //,/*,,

equivalent to a fall of potential of the colliding electron of

4*8 volts—K. L a n d e (" Phys.Zeit.," 15, 793, 1914), J. Pranck

and G. H e r t z ("Dent. Phys. Ges." 16, 407, 1914).

Vacuum Tithe Discharge.

Of t h e elements investigated by means of the vacuum

tube discharge, tlie 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. L y m a n (" The Spectroscopy of the Extreme Vio-

let," Longmans , 1914) states that hydrogen surpasses all

other gases in the wealth a,nd strength, of lines in the Schu-

mann region. They extend a»t pressures of 1 to 5 mm. from
6
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X = 90 w to X = 167*5 fi/jb, and this light forms one of the

most important of all three distinct spectra which the

element possesses. St. John ("Astrophys. J o u r . / ' X X V ,

p. 45, 1907) found hydrogen to emit 250 times an much

energy of short wave length as a mercury vapour lamp.

There appears to be a distinct gap in light emiHsion within

the spectral region X — 167'5 y^i to X = 248*3 JJL/J»

Delandres (" C.B." iod, 842,1888) noted a great number

of bands in the ultra-violet spectrum with the rarifiod oxides

of carbon in the vacuum tube within the range X *» 130 JULJJL

and X = 210 fifi.

When consideration is taken of the difficulties in the

operation of an arc lamp with iron or aluminium electrodes,

such as the automatic adjustment of the arc gap, the removal

of the oxides produced during combustion, if the arc bo open,

or the volatilisation of the metals on to the walls, if this arc

be of the enclosed type, as well as the great thermal effect**

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 prensureg,

or working at high voltages with only a few mil l imetres

pressure of vapour, is the most suitable source of ultra-violet

light which, up to the present time, has received nynUmniiic

investigation.

The utilisation of hydrogen vacuum discharge tubes,

however, may possibly receive more attention in the* future,

since discoloration of the tube walls, HO frequently noticed in

mercury lamps, would be greatly minimised (see also Liyman,

" Astrophys. Jour . / ' 27, 87,1908).
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(b) 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 X = 309 P/JL (Kriiss, "Ze i t . f. Instrumentkunde," 23,

197, 1903), and is opaque to light below X » 297 pp. Schott

of Jena's uviol glass was specially prepared by Zschimmer

("Zeit. f. Instrumentkunde/ ' 23, 360, 1903) for ultra-violet

transparency. Wi th a thickness of 1 mm. fifty per cent,

transmission of light at X = 280 pp is effected, whilst a uviol

microscope cover-slip is still transparent to X = 248 pp.

Zschimmer further indicated ("Phys. Zeit . ," 8, 611,1907)

that pure boric anhydride and silica are very transparent

even below X = 200 pp (and even below X = 185 pp),

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 Lyman, being X = 170

pp. Fritsch ("Phys . Zeit.," 8, 518, 1907) gives the follow-

ing composition of a glass extremely transparent down to

X = 185 pp:—
CaF2 6 parts.
B2O8 14 „

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," 1913, p. 137) has s h o w n

that fused quartz is still transparent down to X « 145*0 v/u,;

a thickness of 0*3 mm. will transmit 24 per cent. ot\~- 1 H4'J)

HH, 36 per cent, of X = 197 /*/*, and 40 per cont of X =

200*2 pp.

Mention may be made of the naturally occurring nub-

stances, which are even more transparent to ultra-violut

light than fused silica, viz. quartz, fluorite, and rock Halt.

Quartz in very thin laminae is transparent down to X =« 145

fju/j,, rock salt to X = 175 pp, and fluorite to X » 123 p.p.

In the Quain apparatus, which in the only form of q u a r t z

mercury vapour lamp ozoniser in technical U8c», the; l a m p

which is of the vacuum type and operated by a coil or m a g -

neto, at a terminal potential difference of circa 7000 volt**,

is inserted in a hollow aluminium tube through which tho

air or oxygen, undergoing ozonisation by irradiation from

the lamp, is passed at a relatively low velocity. No l i t e ra -

ture has been published dealing with the problem of th«s in-

fluence of gas velocity on ozone concentration and o z o n e

production per minute, but the following consul*'rationB will

indicate that the optimum conditions will very likoly I>a

formed when only a thin film of air panseB over the* l a m p a t

high velocity. Dry and dust-free air IB relatively t r anspa ren t

to light above X =» 186 fifi, but nearly opaque to light be low

X = 1 7 8 ^ . Lyman ("Astrophyfi. Jour./11 27, 87, 1008)

states that 1 mm. of air will cut off most of tho light Inflow

X = 185 pp, which, as we have seen, m the* activu light for t he

production of ozone. Kreusler ("Ann. der Phys ik / ' 6 , 418 ,

1901) gives the following figures for the absorption p roduced

by 20*45 cms. of oxygen :—
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Light of Per Cent.
Wave Length. Absorption.

186 32-5
193 6-2
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 X = 178 /t/t extremely faint. With 0*5

m m . of air, light down to X = 168 yu/x. would be transmitted,

and below 0*05 mm. in air thickness, the spectrum stretched

considerably below X = 160 fifi. I t will thus be observed

tha t the ozonising action of ultra-violet light, in so far as it

is caused mainly by light of wave length smaller than X =

200 fifjL is confined to but a millimetre thickness or so of air.

Lamp Efficiency.

Figures are not available as to the optimum conditions

for the production of ultra-violet light from mercury vapour

lamps. As is to be expected the ultra-violet light fraction

increases with increasing voltage (see A. Tian., " C.B.," 155,

141,1912).

J. N. Pr ing ( "Proc . Eoy. Soc ," 96, 204, 1914) showed

tha t 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 0*0014 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 mercury

vapour lamps on the market was examined by C. Fabry and
Buisson in 1911 ("O.B.," 153, 93,1911), who obtained the
following results:—

Lamp. plied, Hadialfd m Wave
Length* bt'linv »'U<).

Wostinghouse ft
A.E.G 4-7

0-N5
Westinghous© (it) . . . • . . 0-1JI

PRODUCTION BY IONIC COLLISION.

In the previous discussion we have noted that molecular

cleavage of oxygon into neutral atoms with or without Nub-

sequent ionisation may ho brought about by absorption <if

light energy, provided that thin latter in of tlm corri*ct frr-

quency for absorption.

The production of ozono dapondn primarily on thtt MimphtHt

cleavage, viz :—
0 , ^ 0 + 0 ,

with subsequent synthemin of ozone, whilwt H»condary oztmu

formation probably result** from the combination of charged

ions, e.g. :—

o,
(see W. W. Strong, '* J. Amen tlhmn. Hoc./1 50, I01t III 13)

The cleavage and ioaination of the* oxygmt tnaUnmh* may
also be brought about by other meanH than by th« ab8«irption
of light quanta, such as by direct impact by a partidvM or
electrons.

Madame Curie noticed that radium salts w*ro offuctivu in
ozonising oxygan (•' C.R/f XaS), a point at firnt disputed by

o , + 6
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Kamnay and Soddy, but finally confirmed by G-iesei and

Kasini and Tjcvi (l4 Atti. K. Accad. Lincei," 17, 46,1908). S. C.

Lind (" ,J. Amor. Ohem. Hoc," 47, 397,1912) and 0 . Schoner

("O.K.,M 15^, 423, 1914) showed that the a particles projected

from radium ozonised oxygen ; Lind showed, inter alia, that

thn numbfir of ozone molecules formed were equal to the

number of ions made by the a particles-—

()u -> 0 + 0

2Oa + 2 0 2O8.

In many of hin experiments a slight deficiency in ozone

formation was observed from that calculated, but under no

circtmittttincftH wan more ozone than the theoretical obtained.

(Site alsio W. Duanc, "C!.R," 153, -WO, 1911.) I t may be

notml in panning that nimiliar results were obtained for

hydrogtm by W, Dtmno and Wcndt (<{ Phys. Kov./' 10, 110,

1917), th« proHunco of H a being clearly demonstrated. F .

Kriigtir (° Phya Zuit/1 13, 1040, 1912) obtained ozone by the

action of han&rd rayn obtained by the projection of

rays through an aluminium window and showed, as

indicated m th« folbwing tablen, that more ozone was formed

p«xr mrond than ion** in oxygon, the number of molecules of

amnv formed approximately more closely to the ionisation

af nitrogen under simitar condition)* :•—

! I'roducfd jmt Sko. in No. Mot*. Oa Produced per Sec,
0i * ID1*, Nt x 1011. x 10u.

0-70 0*0 7*0

0*41 1'4 1*4

Oi l i * 0-6 0-88

I n t h e c a s a o f r a d i u m , p r a c t i c a l l y a l l t h e o z o n e p r o d u c e d i s

f o r m e d t h r o u g h t h e a g a n c y of t h e a p a r t i c l e s , t h e fi a n d 7
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radiation producing but minor and secondary eftWtn. The

energy ansociated with each group of rayn is clearly demon-

strated from the following figuren (u Phil. Mag./' 22, S67,

1907) :—

Heating effect of 1 gm. radium * 110 gran, cal. per hr.

a rayn • 1 ().'*'/>

7 »> '{<:»

With Uontgon or X-rays, on tho other hand, ionination in not

so marked, since only about 1 atom in 12U in innined by the

penetration of the rayn into a nubstanee.

For ionination to bo effected by e^Hinum, the ntoleeule or

atom must be ntruek by ihi^ a partirjf or rslertron with sufli-

ciont oner^y to dineharge a valencsy from itn nuriaa! urbit in

the atomic sphere, ft will ihtin leave thu atom with a certain

critical velocity which it would also acquire if it hud been

acted on by a definite potential difference. Wn may there-

fore equate the IOHM in kinetic energy suntainrdl by i\w itn-

pinging a particle or electron an a runult of collision with thu

molecule* and the energy of discharge ot thi* ^h*ctron.

If m be the mmn of the impinging eleelmn, t\ iin inndent

and Vi final velocity, itn IOHH in kuietir energy will Im :
a - r f ) whilst the dihcharged eJe«ttrc»n of charge r will

an energy Ve.

Hcnco l/Zmlrf - *•,') - Vr.

A discharged electron or a particles will thug con tin tat tin

passage through tho g&», causing inninatioia by collision on sto

way until its velocity mtkn to the* value? r9 where
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the minimum velocity necesaary to cause ionisation by colli-

sion. Below this velocity the electron will merely adhere to

a neutral molecule to form a negatively charged ion, the a

particle will loose its charge to a neutral molecule to form an

atom of helium and a negatively charged gas ion, provided that

they have not come in contact with the walls of the con-

taining veHsel before their journey is completed.

In the case of ionination by electrons the value of

€ - 1-77 x ID7,

/ . V 2*82 x 10 li)v"

or w: JV.

In the following table are given the* electron velocities in

CIUK. per second and the potential difference in volts required

to bring them to rest :—

V. v.
I 5il x 10?

10 1*88 x 10*
tOO 0'5'J5 x 10»

1000 i-HH x 10*
10,600 51)5 x UP

100,000 IH'H x 1O»
200,000 27 x 10»

F o r t h e m i n i m u m v e l o c i t y requ ired for a n e l e c t r o n t o

c a u s e i o n i s a t i o n of a n o x y g e n m o l e c u l e b y c o l l i s i o n F r a n c k

a n d H e r t z ( " V e r b . d. D c u t Vhy*. G e s . , " X V , 8 4 , 1 9 1 8 )

f o u n d t h e v a l u e 1*80 x 10* c m s . p e r s ^ o n d c o r r e s p o n d i n g t o

a fall of 9-0 v o l t s .

T h i n v a l u e i s in e x t r e m e l y g o o d a g r e e m e n t w i t h t h a t c a l -

c u l a t e d f r o m t h e cr i t i ca l w a v e l e n g t h r e q u i s i t e for ion [nat ion

b y a b s o r p t i o n of u l t r a - v i o l e t l i g h t q u a n t a . I t i s e v i d e n t t h a t
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the requisite energy equal to Vr can hv supplied by the kinc*ttc

energy lost by an impinging electron, i.e. lj'lmv\ or by tin*

absorption of a light quantum hv thus—

W « \j2vi.v2 < fw.

Taking X - L'W pp wo obtain Uie value* \)mii) volte for the

value of V determined in thin manner. A value of KG volts

being obtained by Oompton (" 1'hya Rev./ ' 8. 41*2, KHGi, by

calculation of the? work necessary to remove* a va!«*ncy olcrtron

from an atom posHrBBing Bohr'n hypothitticuil s tructun\

Quantitative agreement betwern thi* yiflcl of onrnv, niUtui-

latod and that actually obtained ban, m ban already brfn

mentioned, bec»n shown to hold for th«* raw4 of o/.oiiNation by

a particle dincharge by hind. Canes of innintUmn and oat in-

itiation by electron titiuHmon have given ttiori* variable

results. This is in part duo to thu grrat Vflcnuty and rela-

tively small HI'/A* of the rli*ctronH which can jmn™« through a

vessel containing gan and ctmw to rrht on the wall** without

having made a great number uf <*olli*i(in8, ihun th«» snajor

part of its kinetic? energy in null retained w h m jt t*mvr$zm

from the gan and strikes the wallH> Agiunf it tippmm thai

every collision which an ekictrun inaktsH with % nuftvrnlv of

oxygun, with sufficient energy to dinHociatt* llw* tuol^utile, in

not always <$fft;ctivo in dr>ing HO. According to I*. Kirkby

(" Vtoc. Koy. Boa," 85, 151, Hil l ) , only fit) j**r cent, of hitch

collisions are cfRictivu, The yield of i^ontt by elitrtron col-

lision in oxygon, therefore, sinaally fmll« fur *hort of

theoretical (juantity.
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PRODUCTION BY MKANS OF THE SILENT ELECTRIC DISCHARGE.

T H K formation of ozone by the? action of the silent discharge

on air IH the only process of ozone production which has

received eonHiderable technical development and a great

number of ozoninerB of various types and designs have been

incorporated in installations for the economic manufacture

of o/,on<; and ozonised air.

It may Im ntatod at the outnet that we do not possess

htifii<:it*nt information about the mechanism of the silent

discharge to put forward a satinfaetory explanation as to the

vwdun opt randi of a " Siemens tube/* nor can it be said that

th«« design and crmntructiort of oaonisers is on a Bcientific

basin, nmcv, with the exception of a few generalisations based

on experiment and a few suggestions based upon somewhat

un nail ̂ factory and frequently incomparable theories, ozonisers

have hvan built on the r u b of thumb and hit-or-migs

principle*.

Tin* following considerations, however, will indicate in

somi* tiu*aHtirc th« intricacy of th© problem :—

If thu potential differcince between a point and a plate

Hi*parak*d by a few millimetres of air npace from it be

gradually rained, the current potential difference eurvea be

pldttcd, and thc3y will be found to possess certain character-

istic fftaturt'8 for both direct and altomating currents. The

V, i characteristic curves for point plate and plate diaeharges

haw, been obtained with great accuracy by Toepler (" Drud.
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Ann.," 7, 477, 1902)and Brion (M Znf. Klrktmrh* in./ ' 14, 215,

1906) for direct currents, and by Crump atnl Ilovlr f u Klectm*

chem. Ind. / '7 i 71, ISMMh for alternating rurn*nls.

Tho following indiciitu thf* nrrirs of c*han^«'n m tli<* rhar-

actor of th(i dinchar^r obliiint'tl by *r*«*pl«'r :

, ft
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If a very nmall potential difference be applied between a

negative point and ]>ositive plate, a small amount will flow,

the current being carried entirely by the negative ions

present in the* gas ; the /, V curve will then follow Ohm's

law until the rate of removal of gas ions by the electric cur-

rent becomes equal fco the* rate of supply, when the so-called

Maturation current in arrived at, which in independent of the

applied potential difference.

AB the P .P . in gradually raised, negative electrons are

discharged from tho point and participate in carrying off the

current. The area around the point now becomes luminous,

which luminosity extends towards the plato with increasing

IU>.f the discharge becoming a typical brush accompanied

by a Blight crackling noifle. At thin point positive gas ions,

produced at the anode by detachment of an electron from a

gas molecule through collision with an electron travelling at

high spued, will also augment the current capacity of the

Thit resistance; of the air circuit now falls quite rapidly

owing to increase in conductivity by collision between

electrons and the gits molecules and the brush discharge is

converted into a high tension arc discharge. During the

high tension arc discharge, the cathode, guts extremely

hot owing to foombardmont hy positive ions and tho

thermionic emission of electrons as well as particles of

vaporised electrode, material charged positively commences,

rimulting in a ntill greater increase in conductivity; the high

tension arc in therefore not stable but is transformed into the

more usual low tennion arc. For the production of ozone

the electrically stable part of the discharge only, viz. the
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non-luminous, the glow, and tint brush flisrhar^!, cnuiv und<*r

consideration, since, an vw hav<» aln»udy had ommion to

observe, the high thonnal vfU'ctn a^Koriatrtl with both i\iv

high and low tension arc c l i nch^ r^ ;uv mor<* than HUHVH'UI

to mask any electronic, formation of o/,om*.

We have noted that flu* fmnnforirifitinn of th** nl«j«t «hs-

charge into the, high tension air di^char^*- uvtnra aft* r l\w

whole int«r-nhu:trod« Bpacn has brrn lillfd w it li I hi din h - i w

glow, which niaketH its (ITHI i%p\m%t'nnvt' in th** s<» r-alli-tj

corona light. rV\w nnturr of thin iminni 'Hnwf i^ n?*f i^i-nrly

underntood ; that it IH n function of th**rujnj*fi itjou of ih<* j**m

iashownby thfic*xpf*ririn»ntHof K H?tMi'iif*lri iM Z* ,i KI. j.tru-

chom.,f* 17, 7*25, H)ll), who ttottn! that th*- di^fliir/*' 1 * jj*?ik

in nitrogen, blue in hydmgrn, vvbih* in rhh>nuv, *' bk*4 fh*

combuntion of iron wir<* in r»xyi**-i*.** mui nm~nthh ]i)ttr in

oxygon.

BirJ . J . ThoniHon (•• (4nnriiictum of K l i r t n n i v thi*»iirh

Gaiics/* liK)0, pp. 47K-512) linn nhown that tit UK* ftit«2m*f)t

whan both anodi* ami calhndf gbw nmkf flu ir npptstrant'f*

there is a very great inrrwiftr* in ruttflitrtixity ut th* ifM

Bpace> and ailvaneail tlits hypothitMH that j«*»t prior f« th«<

appearance of th^* glow tJiwhurgn th«» HIOIHH hnvc- iti^|iiiii*d

internal anergy by ccdlininn with t*h*v«%ttnm mnl by nlfMtrptwit

of soft Itcintgon rayn, geiieraiwl by t^illtmonnof rirctiotm with

other atoms, until it hm nearly mppnmtihefl ihi? crilicul VJI!U«*

at which tha atom hmmm-M un i inbk und lnmif}<»iii, lluit

ioniaation pracadun tlm Iiiinitiown timrhstrgr* WHA rh-iwly

indieatad by D. Mac?kenxb C" l*hya KevM" s» ^ 1 , Ullft|.

According to K. NiMnmh V* Phil. M I R . / 1 J U , « 4 # l « l» )

there always exists a dcfinitr mtio bnlwcrrn i h t a
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radiation and the namber of gas ions formed by such

collision.

Sir ,7. J . Thomson and R. Threlfall ( "Proc . Koy. Hoc,"

40, 340, lK8f>) clearly showed that ozone formation in the

silent discharge tuba was associated with tho production of a

luminous glow, whilnt a similar conclusion wan arrived at by

K. Warburg ("Ann. dor Physik," 17, 1, 1905), who advanced

thej hypothi'fiis that ozone is only produced by olcctronH with

sufficient kinetic energy to cause themselves to become

luminous.

T h r view that tho corona and brush discharge** arc at

Irast in part duo to ionieation by collision is supported by a

serifs of experiments which have been made on the corona

"proKBtiro." phenomenon by H. P. Farnweld, J . Kunz, and

nsprcialiy Townncnd and K. Warner (" Phya Kev./ ' 8, 285,

1910). It in evident that if the molecules break up into ions

an a result of ionic collision an increase of pressure should

result. In an enclosed gas space subjected to tho brush dis-

charge, thie p repa re increase has actually been noted, and

wheu corrected for the unavoidable temperature increase the

following relationship was found to hold good :—

Vi - vj&p,

where V in the applied voltage, i the corona current, vn the

volume of the gas Kubjocted to tlie nilent dtHCharge.

In oxygen, however, there is scarcely any increase in

pressure, due to the formation of ozone; in other words, tho

ozone formation is strictly proportional to the ionination.

ft would therefore appear that only a relatively small

portion of the discharge in effective in the production of

oxone and that the optimum results are to be obtained when
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the ozonisor is HO operated that tin- hmrinn.Mty of the fiilent

discharge glow in at a maximum.

Many conflicting statements hav*» IH^U puMwhi'd relative

to the yield of ozone per kilowatt Jmur obtainable in o?.oniM»rtt ;

on analysis thenc arc* found to hr flue t»* th^ fart that many

investigators have ign«ml th*4 pnmarv rnni idrnaiou sifl

the production of o^om* by this UP HHS, VI/,. th«* r«'l;itu

between ozone production p**r kilowatt hour ?ai«l tin n

tration of the ozone, it JR fviilrnt !h;it if a d« finite voinmi*

of air he Buhjcr.ted to th«* Milr̂ nf rlfrtru* *l)Hi'h:ir;f<\ th«* ov.imr

concentration in that air will rJH«- to H r«-rtuni d« funti- vahir*,

C», the 4< limiting " nmfi'titratuin. W h m tlu^ ronrt ntmtiun

is reachctd, thci rati* t#f foriijatiou of M/OU* #
 a will h»- * riiifiJ to

ita ratn of (l<»stnirti»n hy thfriuaL rutsiljtir f%ntl <>thrr vifvrln.

Thus, in the en rkwd vniuitt«* of mr, ih» iijt|tarnit o^mi* prrj-

duction |M*r kilowatt hour will !*« /«*ro whilst th«* :^*lmti prr»-

duction will bit . \ A** a rtr*i i4}»pr<nui^ition it

taken that the ruti* of c:ttnlylir «1̂ 4/,<*?i$« ution j»* j?n*|K*

to thn concent ration t$ tmnv* or . / Kc*., ih*in th«*

required to prodtirr? Ktrong r^mvritmtum^ of o/^nr in a

stream of g&» will he % u.f*^% $*<%\ itior«* ttinn I«I tirn%#nry to

produce th«j mmti mnuttrtt **f ntnnn %t% % v**ry Uiiuf<4 nt%ti*

A» elt^rly pointitd out by AUnmm! f ' T h c iVmnpli** of

Applied KIttctra»('lti'miiitry *X tl»«* 4uty <>f nn a/jmrn-r rsnnot

be obtaint^d without a ktiunvl^rfj*^ «»)f th«* fuJlnwjiv tia(» *

(1) The limiting yivltl^ or tin- ?I**I4 |**r miiji*r<* liour at

(2) The maximum conrrntr»lfofi of u&mit o}
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(3) The rate of variation of the yield with the concentra-

tion.

INFLUENCE OP CUEBENT ON YIELD OF OZONE.

Owing to the difficulties inherent in the construction of
high-tension (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 a 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 E.M.F. and current time curves will follow those of
the sine or cosine curve.

Time

F I G . 7 .

T h e B . M . F . a t a n y t i m e t b e i n g g i v e n b y t h e r e l a t i o n s h i p

E = E o c o s ^

t h e c u r r e n t i n a s i m i l a r m a n n e r b y i = i . x s i n - = - .

7



Ff the circuit were entirely n<»n-iniluetivi\ tin* volt-ampere

curvets would naturally lw* NUperimp^f *1, \*\nw n? uny tiuia

the current flowing* would, in n«vnr'ljinei* wall n)u?4'H ],^Vf

bo strictly proportional to the applici f lM.K In artiml

practice Helf-inductimi i4* alwnyhprr^-nt, IM*JIIJ« «1* lin* rl m thu

value* of Urn

h

w h o r e i > r / / / / / ' i n t h e r u m t i t i - ir

p / may 1«* i<*rih«'«l flu «!* *'!rn .il itiMi n

acquirer] by Urn eurrrnf in th»k n r r tu t , j*n«i (ihiu* l^w hm* f<* b»*

inoclificr] tninelucif* tht* mt«* of rhnnjj** nf i-J» * tri* ,il l)i^u

an well aH the inManUn(*utm etirr* ttt

{tlt) T Iti,

or

tii U K L%i

The. Holntion of thm intuit ton i*» ^IVI n by

,., ft)

w h e r e * -« U n ^

T h e r a i n t h a r e f n r t * a t n n b t * t w n * t i t h * » m r m s l « n « I K . M . K .

, a a t l t h e m a x i m u m v * h a t * n f t h « * r u r n - n t n r v i - r

* w h r r r i h i * p%iw%%nm nn*ht t i n *

t h e ** i m p d d a n w " toktu t b t t plwc** «*f J i
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Several genera l i sa t ions which h a v e an i m p o r t a n t bea r i ng

on ozoniser des igns follow from these consideration**.

Firs t ly , large c u r r e n t s canno t be ob ta ined in sy s t ems of

h igh induc tances , and w i th increas ing values of t h e per iodic i ty

L . J t he i n d u c t a n c e t e r m becomes tho only one of significance

in t h e res i s tance of c i rcui t .

.For h igh frequencies * J will bo large, consequen t ly

a u g m e n t i n g t an a, m a k i n g a t h e ang le of lag a p p r o x i m a t e l y

equal to o .

/. i

or wl ten cos , „ ' * 0f s in ~ ~* l , t h o TC.M.F. will the re fore

bo a t a max i i r ium w h e n the c u r r e n t is ze ro a n d uiae versa.

T h e W a t t a g e c o n s u m p t i o n VlJtt will be equal to

r*n VOH r f | COr» \ rn ~ ** J _.
- o w h e n a w i%1

u

or

H> * #*f ill it,
* * for smal l values of a

•

For R « o or a there is therefor® no energy consumption,

whilst for some intermediate v&lae there is a maximum energy

consumption.
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cuit in non-variant, but an we have had occasion to observe

the conductivity of the air gap in the diHchargo apparatus

varies with tho current. Large currents cause the gap to

become more conducting, permitting under a constant applied

E.M.K. still higher currents to pass, ending finally in spark

and arc discharges. The sinuous character of the curve will

thus be altered, the maxima at a being increased for this

reason to higher values /;, /;.

(2) Direct Current with Interrupter.

Small coils with magnetic or larger induction apparatus,

with mercury or Wehneit type of make and break on tho

primary, alno yield a periodic current which, however, no

longer possesses tho sinuous character of the alternating

current machine, but consists of a number of periodic current

make* and breaks as is depicted in the following curves :—

Y/ith.

Fuu

I t will be naleA that under both conditions of operation

there exists a great danger of the npark discharge taking
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place at the point «»f optimum « un* u\ ll»t\\, \\hn h pnirtjt\ij|y

coincides with the* permd of maximum eundw h u t y of tin*

gas. The spark di^eharg« it-»rlf IH tMfilLil^ry in ehamrtrr

having a period T *27r^/UC and will }?u M ̂  a rurvp of the

following form :--

to tin* ittvrji«»uii<4sif» of Ktlnkjsiin r* 1 *hy%,

Huv./'3t» 117* HJlOj ih«» hru 'b 4i •< haiv* if ^ If i**-»v un«li*r

coniiitioiiH of high m!*Mof 4i^lnt|*« 4**tiiii«^ th« utt'

character of thr njark fJi^rh irj»« .

(r/| influ*m* an V*Jht*j* ^n u * »* )%*̂ »/ I Ji»» •*» « ) t

Bur rO/.oni\ (J.H.V / ' I*ir*. r J i « . fifitu^ 1 O*»< 0,rr^ WJIJI fur n

fixed air gap in a j.?tvi<it u/*ur« *«*r * f*r i* tu n)l> ln»<-iit r»*liiltaii*

ship between the o/,w««* )i«"I4 ji* r niupT^ h'»ui nti4 tin*

potential diffrniin; I^ii%rrn lh«* ^Jnir^IrH. l ^ r i^j^ri-

mentH have nhown that (*ba**>»y nr^n«'lii^s*#iiH w» r«* IJI-4 Hilirdy

corrrd. K. Wurtntrg ("Ann *Ur l'li\«nk/' i j * Ull, 11HJI)

allowed that provitlwl that th« jx^^tits'*} «ii?l« r* ur»* upphni

wa» stafficient t̂ > uusmtjiin a iinif^riii ;;low «l lit* pnml at thu

air gap, ihi* yioW of ri^4t<* w«* firnriir^JI) iii*Jrj^ncJi*ril nf ih t

voltage ai i« shown by thu fallowing fi|}«r« % .
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Voltage of
Povnt.

4,200
9,880

11,700

Gms. Ozone
per Coulomb.

•0375
•0386
•0387

Current
1 x 10-fi.

57 . . .
57-5 .
57*2 .

•A. . W. Gray (c 'Ann. der Physik," 13, 477, 1904), utilising a

Siemens ozoniser, likewise found that the yield per

was constant and independent of the voltage pro-

v i d e d that uniform illumination was maintained in the dis-

c h a r g e space.

Kabakjian (" Phys. Bev.," V, 31, 17,1910) found that the

o z o n e output per coulomb rapidly rose with the voltage until

&* potent ial difference of 2,700 volts with a 1 mm. air gap and

3 , 2 0 0 volts with a 2 mm. air gap was reached after which no

f u r t h e r increase was noted. At these voltages presumably

" s a tu ra t ion" of the field with the brush discharge was just

e f f e c t e d .

Influence of Current Density,

With a constant regime established in the working of an

o z o n i s e r the quantity of ozone produced per coulomb is

p r a c t i c a l l y constant, for a point discharge on the other hand,

t t i e yield per coulomb varies with the current flowing, as is

s h o w n from the following figures obtained by Warburg :—

Positive Point.

Voltage.

8,420
XO,4O0
X2,000

Current
1 x 10-«.

28-8
57-2
94-2

Grammes
O3per

Coulomb.

0
9

0
6

6
6

Negative Point and
Positwe Plate.

Current
1 x 10-e.

17-4
25-1
57-2

Gra*mmes
03<per

Coulomb.

0-0489
0-0459
0-0375

Negative Povnt and
Positwe Cylinder.

Current
1 x 10-6.

29-1
94-2

Grammes

Coulomb.

0-0481
0-0386
0-0370
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The variation in thf««< t'murv* v* attribute »J by Warburg

to tin* alteration in Urn volnm** -»f th*» r*>r*»fri ;v»w in i h r CIIH-

char^«* Hp;ttT under thr v a n tsu vnlt \<>y . In i S i in* n » typ**

of oy,onis«*r operating uml r r tin* op t imum r<>jj«lniMHH, he ob-

tainrd a valur t»f O'tiGC) i;ru»*. p« r n*til'»iu)t, n !i *ni* r

by A. W. Uray {f< Ann. flf-r I ' hx^K / ' i . i , IV7, I'.iDI .

T h t w tigunt^ nh^w w<»ir l i f h i »»» t l * t«« ̂ I r i i i * .in r*f um

fonimiiui i . SIIH*«\ IIJI ran h»* t»!i»i\%n b\ * I* ̂ tro,\f;»* d<H»in-

poHitinrt «̂ r by m«%waivtij«*!if r*f t h r rb . i r f v nf thr* *Ii«HfV4sf

t«>{ji*thrr wi th Ih** fuui ihi r *>f muUmU tit * i»iiu« iu*#Jt rnli*,

9lit510 roulnmhn ar*# HN^-^Htf* fl w i t h <*«« * |a?v»'il*ni i*j *i

nuhnlntwr, i t in r ^ m i n l y f«43<»W' i l r i l if th r n/ *u«" w* rr pro*

duei*rl by hum** f«»rui <*f * I»*ru«»!>t4< n^M^n in t\v /*H p*r»% a

l imi t in w t tu lh«* fptufttity *4 <*/-"!*•* '«htiut«<i }̂ * r r**nl* ml*,

W<* II IAV, «*f foiii**!*, iiii'ik*** \ftr^**#*> ;»** ninj.t?*4.' IM t^i tint

manintu«b* of tin* •'l«Tlroi»'< tx:*rtHf-*i i i f w r i i l * * ! %%i!li th«* frjr«

mation rjf a nifih*rtt!f *4 ^ / ^ m * , hut $t %%ill h< * ̂ i^l* tit fh?ii th»*

niftximum yi**!*! f'*r tit* mm mum

on tb< t 4 ih f4K

O '» Cl •

uuU\ \** U

formed for n m t r r n i c«n<iutii}4iort ^f %M^fhW r*mh*mhnt ut

01)005 (jtim, p«*t cqtilomti If i i ^v^ i ^ i * ! 0«*t ihr

tome «Vi0 tiiut^* «vi*n thoit^h lh* ̂ **<"* i^Iitif44^ r* j*r* **«'i»i

most favotiimltlc to nmmr tuttunlmm hy i lccirMii i
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We arc forced to the conclusion, assuming the accuracy of

Warburg and Gray's experimental data, that most of the

ozone in of secondary origin and is produced by collision

between electrons both primary and secondary and gas

moleeulen.

Kriiger and Moeller C Nernst Festschrift," 240, 1912)

have suggested that one electron may liberate, in the case of

the positive point discharge, seventeen secondary electrons,

and fora silent discharge in metallic tubes 287 secondary elec-

trons, which would necessitate velocities produced by applied

voltages of approximately 100 and 50,000 volts respectively.

Influence of Wave Form.

The hypothesis advanced from the previous considerations

that ozone formation in produced by inter-molecular and

electronic collision, and is not a phase of gaseous electrolysis

between the electrodes, in supported by a consideration of the

effect of the wave form on the ozone yield. A. Vosmaer

("Ozone," Constable, HJ10, p. 70) states, " a very peaked

wave? form would cause a greater distance between regular

working tension and ordinary maximum tension and thus

facilitate the brush discharge- On the other hand a flattened

curve would give moro available energy in the domain of

working and would give a better output of ozone . . „ there

is not so much difference in wave form to be of any import-

ance.*' It is clear that thin investigator does not consider

wave form of great importance and his views have boon sup-

ported by many other observer*. Those, however, who have

hod occasion to make line of the oscillograph and thus have

been able to plot the wave form with accuracy have noticed



t h a t the* wavv form dor* h a w an n n p ^ r f i n t h^Hiiis" oil th«»

yield of uzonr . A m o r i s t tht* w o n ui*p*«ifaht ni\t-.tijr.ktious
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ti*chrut*al inHtalliifioiiM. Il j * i\id**nt fr^ia ri r u n id* uUion nf

thi* fr^riu of flu- «uir IMIIV* t)i it *%u m* wvtttii* j?« n<*ii«*??y in-
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Puschin and Kauehtschev (" J . Ru«s. Phyn. Chem. Hoc,"

46, 570, lyjL-i) have likewise shown that the yield of ozone

increases with the frequency, but that the optiraum frequency

wan dependent on the applied voltage as indicated by the

following figures :—

Periodicity. Applitul Voltage.
1210 6500
950 7O0O
fJHO 8000

F o r a c o n s t a n t a ir - f low a n i n c r e a s e in p e r i o d i c i t y a b o v e

thcHe l i m i t s decrease** t h e o u t p u t of o z o n e , w h i l s t a n i n c r e a s -

i n g a ir - f low d i s p l a c e s t h e m a x i m u m t o w a r d s i n c r e a s i n g

f r e q u e n c i e s .

I n a g e n e r a l w a y i t i s n o t difficult t o offer a n e x p l a n a t i o n

of t h e i n c r e a s e in y i e l d of o z o n e p e r c o u l o m b w i t h rap id

a l t e r a t i o n of t h e c u r r e n t H o w or i n c r e a s i n g t e n s i o n of a

c u r r e n t i m p u l s e , if w e regard t h e f o r m a t i o n of o z o n e d u e to

e l e c t r o n i c a n d m o l e c u l a r c o l l i s i o n s .

A t a n y g i v e n i n s t a n t w e m a y r e g a r d t h e c u r r e n t f l o w as

c o n s t a n t ; t h e n p r o c e e d i n g f r o m t h e n e g a t i v e t o t h e p o s i t i v e

e l e c t r o d e t h e r e w i l l bo a s t r e a m of e l e c t r o n s w h i c h , i n t h e i r

p a s s a g e t h r o u g h t h e g a s s p a c e wi l l i o n i s e p a r t of t h e g a s

t h e r e i n . T h e ef fect o f t h e e l e c t r o n s t r e a m o n t h e o x y g e n

fract ion of t h e g a s i s t h r e e - f o l d :—

(a) A s p l i t t i n g of t h e m o l e c u l e i n t o t w o n e u t r a l a t o m s b y

d i r e c t i m p a c t ™

Ot «. 0 + O.

As wo have soon 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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thvtti n i tu tn t l iha t iun In «t<*iii HJJ*I I I I ^ I * * **J i f f*i **

( r ) A n iu iHMif i rm of th** n»<4«r»*}r ••! Ht*»?n 1 A

'J'lu* d c c f r r 4 i havtf i?: *»p« nt iu*** t «*f it ^ k in * ti** • n< t / v w t t h

w h i a h i t 1* f i I I**- f l r r t m * l i ' * r <!**!•* i n *% i n t>% * i i **<*««urt w i t h

a neu t ra l a t o m or u i o l i < t i l t , n«*t j < «•»»* * n't < » n l « m r^*y to

detach a vnlt*nt*y i h**'tro» frr»in sin <«rM

i t r t ua i l y acl!$« r«* t o t h * \*Um it . t n l «

a tou j or i t io j* r«il«-

y $$<4«^H!I** itrty tin n t*mfi to

form (mini*

f ) , t r i f - o ,

I f thi« current flux U* mili jrtt f^ %II4I u i ^h»t?^* * thm tin:

tttraim iliiimity of bulli *Srtir*f?i* and i*»*» tiio|rryl# •»

imccinnUiitt but mill pr<*rMl l,y HIM I>* I *4 trr«^tibr

bumtnof varying VHWIIH-* , tlm** i^r#*iil) ^nlmMtriK tin*

stbiltiie* of colhtuon.
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Influence of Gas Flow and Composition.

We havo already referred to the fact that the output of an

in governed by the concentration of the ozone formed

during the discharge, since for high concentrations the rate

of deozonisation is increased and the apparent yield of ozone

por kw. hr. decreased. In the curves on next page aro

nhown the relationships obtained between yield and concen-

tration by utilising a standard Hiemensand Halsko industrial

ozonisor (Krlwin, " Zeifc. £. Sauerntoff and Stickstoff," e, 143,

1911).

Warburg and Ijcifchausor (" Drud. Ann. / ' 28, 1, 1908)

made a very extensive series of experiments on both glasn

and metallic ozonisers to determine the influence of the ozone

concentration derived upon the yield. Their results are

tabulated in the following columns:—

Oms. jH*r
AnifH*rfi

Hour for
Conc&ntra*

turns of
Orm. perType af

Ota*

tJil

in Crm.

1*40
1-40
%i»*ti)
ft •Oft

2-20
4-M

t

10,(MI
lO/JOO
17,600
10»B00
13, WO
{1 480

12'»00
9,S40

12,100

Period'
vnty.

50
60
50
50
50
50

100
100
510
510

Am^wrsn,

0-182
0*102
0*193
0*160
O'1B2
0*1 «39
0-30H
0-280
1*5B

i

Cos 9.

0*185
0-8H
0-24H
0-415

0-451
0-447

0*704

p
Cubic
Metrfi.

10

88-8

6 M

5S-B
75*7
54-0
57*1

4MI

65-i
60-1
7B'4
02*4
81-4
m-o
06*0
6S'O

Limit

Yield
QmJArnp.

Itr.

45-5

50-8
00*1
82*0
6VH
88*2
6ii*0
7 l i )
74-7

ing

Cmicen-
iratiofi*

in Um*.
per Cubic

Metre.

50-2
81-2
40'5
20*2
01*0
W-H
18'8
11-4
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w ft*it
is io /s
Cubic Mttrts p*r

J5 40

$0

h
20
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7B 35
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It will be noticed that the conditions most favourable for

the economic production of ozone obtain with low concentra-

tions? of ozone or relatively high flow rate of air. High air

flow rates likewise nerve to keep the ozonisor cool, an import-

tant connideration since the catalytic decomposition of ozone

in con»idorably accelerated by high temperatures.

For technical operations the air-flow rates are accordingly

adjusted as to give the minimum concentration of ozone

which will prove effective for the process under consideration ;

for under thene conditions, although more energy must be

expended for pumping air, yet a very considerable economy

in effected in the ozone production.

The concentration*) of ozone and the yields obtainable per

kw. hr. arc higher in oxygen than in air, but the employment

of oxygen instead of air does not prove to be economical in

practice^ although concentrations up to 150 gms. per cubic

metre, or nearly three times the maximum concentration

attainable with air, can be carried out.

The yield, however, doeB not increase indefinitely with

the oxygen pressure, thug, If. von Wartenberg and L, Max

("Zoifc. f. Klcktrochom." 14, 879, 191H), operating with an

cmmiHuv constructed to withstand high pressures with an

intcr£>oiar apaeuof from 2 to 6 mm* and a current of 1 milli-

ampnrc at 2ft,000 volt* and 50 periods, obtained the maximum

ozone concentration and ozone yield per watt-socond at 0 5 to

1 atmosphere. Pressures up to 5 atmospheres were reached

during the course of their experiments.

It will be noted that 00 gms, of O$ in air, and 180 gms.

of omttB in oxygen per kw. hr. represent the bent results

yet obtained with ozoaisors operating under the optimum
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conditions. Taking 94,000 calories as f ho heat of formation

of ozono, this represents a theoretical yield of \"i kgm». per

kw. hr., or imluBtrial ozoni«ei\s have an efficiency of only

5 per cent in air or 1/i per rent, in oxygen.

Air suitable for ozoninaiion should be free* ftmn dust,

which favours the paH«age of sparks, and from certain gaseous

impurities such as oxides of nitrogen, chlorine, and mojv

especially water vapour. Allihret* p i *e * rt]ip< ar !<> i xerf a

distinct inhibiting effect on the* formation «>f (M<nu\ in addi-

tion to a deozonining action* which i r*ptriully marked in

the caso of chlorine and nitrogen diuside. Th»* fnnvAhni t*f

these gaHen an catalytic ilvoztmiwrs will In* u ft m d in Uler.

The inhibiting action, which in itioni nmrki rl in the* rare of

water vapour, has been attribnltd to the imm;%Uim r»f mi}4?

which nerve an nuclei for the eoiulenH&iicm *»f thr JMH IUIIH.

Under thenc? conditionnof condensation, the velunly «4 the

ions in naturally reduced and thi»»r p*nvi«r of initr*inu or

l)reaking down a molecnile intu atnim in vurt^pmnUunly

lowered. Undried air at ordinary temfiertitiirih Imvin^ a

water vapour pressure of ea. 7mtn H,O hm m limiting >i**U

of immn which in only fit) to 70 j«r cent, of the air when

dry ; in the* prcinence of tuomttir** likewwe th«^ Un million t>t

oxidas of nitrogen, dun to \Ua tin ruial fff»*rtH «»f ^j»i*rkin^ im

wall an the pusKibiii intemcticm of f^om$ with hr#in#* forrtt of

active nitrogen produced in the Hpnrk fli^b»rK*% w ii5*tiiilly

occs^ioncsd. T. Lowry ("J.G.K," iot, 1152, Hll'2), in an in-

teresting rmearch on tlio rffcict «̂ f this Hil««itt and xpark dis-

charges on nir, Hhowecl that in dry air oxic!«*n of nilrogf.n won*

not formed under this cxprritfiimUl condittonit by |m«ing«i

through the ozoniftar or the; iij?irk dinchftrge g ^ p . Whan
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passed, however, through both in series, or when the air

currents subjected to each discharge were mixed, oxides of

nitrogen were produced.

Lowry came to the conclusion that in the spark discharge

an active* variety of nitrogen was formed which was easily

oxidised by ozone.

DIELECTRIC MATNIUAL.

We havo already noted that the yield of ozone per kw.

hr. at a definite concentration increases with the increase in

capacity of the ozoniser, but that the limiting yield decreases.

In addition it must be remembered that extreme variation in

the size of the air gap or interpolar free space is not permis-

sible, since too small a gap will permit the passage of sparks

and possible arcing with minute variations in the applied

voltage, whilst with a large interpolar free space the luminous

discharge, on which the formation of ozone appears to he

largely dependent, will not fill or " sa tu ra te" the field. Tt is

evident that the use of dielectric material 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 tho purposes of calculation we may take a Bimple

plate form of ozoniser and considor the effect of inserting a

plata of dielectric material in the air space betweea the two

metallic electrodes.

Fio. is.

8



OZONE
If the two plates are charged with a quantity of vU-rtru-ily

of surface density <r, the attraction, at a point V BHUHU- in on-
plate, by the other plate which is separated from it by lhr
interpolar distance (a) is—

~ J
cos 0 f forB t a n 6<rQ M*r OfW «-«.H

a 2 s e c 2 * ? J _^ .

= r 27rcr sin 9 =
J 7T

A t a p o i n t b e t w e e n t h e t w o p l a t e s t h e a t t r a c t i o n < l u r t u « ' H f h

p l a t e i s 27r<r, t h u s , w i t h a p o s i t i v e c h a r g e on onu p l a t r H H « I a

n e g a t i v e c h a r g e o n t h e o t h e r , F = 4 7 r o - .

I f t h e p o t e n t i a l d i f f e r e n c e b e V , a n d t h e t o t a l c h a r ^ - Q ,

then - = 4TT<7 - ^3, A being the area of each pUU\ m f IK*a A
capacity = |-=A_,
if we neglect the irregular distribution of the utwjmt hnr«
near the edges of the plates.

On the insertion of a piece of plate glass at thivknv** h
between the plates, the equivalent air thicknesR m ' , wltrn*

i\
K is the specific inductive capacity of the gl&B,% hrrirr tin*

O A
new capacity will be augmented to ~f -• - nstil

V > ( )'
t h e i n t e r p o l a r d i s t a n c e o f a i r s p a c e r e d u c e d t o a h J 5 y

t h i s m e a n s w e h a v e a u g m e n t e d t h e c a p a c i t y a n d d « « e r i » » M « J

t h e i n t e r p o l a r d i s t a n c e o f t h e o z o n i s e r , a n d t h u n inert a^ad i t «

e f f i c i e n c y ; a t t h e s a m e t i m e t h e t e n d e n c y t o s p a r k i n g a m !

r a p t u r e o f t h e g a p b e t w e e n t h e e l e c t r o d e s i s d i i u i n i r t h i r t j , s i n

t h e m e c h a n i c a l f o r c e p e r u n i t a r e a i s l i k e w i s e r e d u c e d tt
nincr



PRODUCTION BY SILENT ELECTBIC DISCHARGE 115

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 :—

Mate) icil. K.
Paraffin wax 2-3
Rosin 2*6
Ebonite 3-2
Sulphur 3-8
Glass 6 to 7

The choice of dielectric material is naturally limited^ since _

it has to withstand both high temperatures and the destruc-^

tive oxidising action of the ozone. Amongst those which

have been suggested may be mentioned: . shellac, mica,

quartz, glass, and artificial insulators formed by condensation

of phenol and formaldehyde, the so-called Baekelites; glass,

however, is"the onl£ material whichJhas received extended"

techy ical .application.

T h e 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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K " v ~ 4 i r

w being determined from the molecular specific volume ..

When a Htrip of dielectric material in charged up to a

high potential, after discharge it will be. found to acquire a

Hinall charge on standing, which in often Htiffieiently great to

raine, tho potential of the dielectric up to *i(H> voltn. Thin

property of acquiring a renidual charge in only poHKCHM'd by

thoHo bodies which poswmH the* property of exhibiting clastic

after-effects, it in never shown by nimple nubhtanctm, but only

by mixtures such as the glanse.H; ihiiB xyirnu and paraffin

oil alone do not nhow thin effect, but on mixing f hi* two, the

residual charge in apparent. One of tho eomtituentB muni

alno poKBOBS a certain umouut of electrical conductivity.

I t is interesting to note that KioHcnfttid (" Zoit. Klcktro-

chem.,M 725,1911) failed to obtain a brutth dineharge with

puro quartz glaBH, althr>wgh nneh di»chargc»B urit ri^iidily ob-

tained with all forms of glasn which rimy contain quit*' large

percentage** of mliea, attribufablo to the xituht i*tcutricni con-

ductivity of tho glatis, and itn |K)»«c?HHifm of a r«»id«nl charge.

Two other important proportion of dielectric tnak*rial«

must be briefly alluded to, namely, the ul tomtbn in conduct-

ivity with elevation of the temperature, and thti i

which the dielectric undergoes* whan iiubjccttsd to ul

stress.

It is well known that the, conductivity of glaiut at civtin

slightly alevatad temperatures rapidly mereancm. Xfond and

Langcr and Huber hava actually umtd holiA ghmm tm

electrolytes at temperatures between 200" and 50G* € ,
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o v e r h e a t i n g a t o n e p o i n t i n t h e d ie l ec tr i c , d u e t o a s l i g h t ir-

r e g u l a r i t y i n t h e c u r r e n t flow, w i l l t h u s c a u s e a n i n c r e a s e of

c o n d u c t i v i t y a t t h i s p o i n t , w i t h a c o r r e s p o n d i n g a u g m e n t a t i o n

of t h e c u r r e n t . F u s i o n a n d finally p e r f o r a t i o n of t h e g l a s s

r e s u l t s . I t i s for t h i s r e a s o n t h a t p o r c e l a i n s , w h i c h p o s s e s s

t e m p e r a t u r e coe f f i c i ents e v e n h i g h e r t h a n t h o s e of t h e g l a s s e s ,

a r e u n s u i t a b l e for d ie l ec tr i c m a t e r i a l i n o z o n i s e r s .

K e r r n o t e d t h a t t h e o p t i c a l p r o p e r t i e s of d i e l e c t r i c s w o r e

c o n s i d e r a b l y m o d i f i e d b y t h e a p p l i c a t i o n of e l e c t r i c s t r e s s e s .

T h e s e m o d i f i c a t i o n s are i n f l u e n c e d b y t h e p e r i o d of t i m e for

w h i c h t h e s t r e s s haft boon a p p l i e d , t h u s F l e m i n g (see " A m o r .

B u p p L , " 4 5 , 1 9 1 2 ) s h o w e d t h a t t h e c o n d u c t i v i t y of a d i e l ec -

tr i c var ied w i t h t h e f r e q u e n c y of the a p p l i e d a l t e r n a t i n g

c u r r e n t , a n d L i p p ( " H o c h s p a n n i n g T c c h n i k " ) f o u n d t h a t

t h e app l i ed voltages* n e c e s s a r y for p e r f o r a t i o n of t h i n s h e e t s

o f d i e l e c t r i c m a t e r i a l var ied w i t h t h e per iod t o w h i c h t h e

d ie l ec tr i c m a t e r i a l h a d b e e n s u b j e c t e d t o t h e e l e c t r i c a l s t r e s s .

T h e p t T f o r a t i n g p o t e n t i a l s for t h e usua l d i e l e c t r i c m a t e r i a l s

a r e a p p r o x i m a t e l y an f o l l o w s : —

Perforating Potmtuih \
in KUoiZu j*r Cm.

MICA 000 to 750

Micanito 400 „ 500
Forc«Iaiicj 100
ttlami 75 „ 300
!*a4g!*si» 1000

Air (" Atnftduxati H. Cinuuita," 3 , 5i f 1012)—

7000 volti p«r 1*5 am.

07,000 t, „ 13-6 „

100,000 „ „ 24 „

T h e p o t e n t i a l d i f f erence nacesnary for d i s c h a r g e b e t w e e n

t w o c o n d u c t o r s in w v a r i e s w i t h t h e nme a n d s h a p e of
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conductor, point discharge taking place* much more r* adily

than discharge across plane surf act IH. The following fjjjjurei

(Abraham and Villard, " Physical Constants," HUOj incliniti*

the potential difference required to cause a «M) mm, sp:irk to

Rtrikc between two spherical electrodes of varying radius :- -

liattimin ~*ttn. 1'uttntitl Inffmnuv.

a (plant) K:*,7i*l

ino «I,JU>

0 (point) .10/**)

The rulaiionship hetwren the jjofential dilfereure :uj«i tlie

striking distance, in also not a Hunpli> one, an inriicatcd from

the experimentally derived figures for j*pheri^al eltttiraden

1 cm. in radius - -
Distant e in (linn, ht/«»t lf»,

0-1 i) ii
0*40 r\ n

For very »mall iniorpolar distaneen, say J to 50 ^ the

ag(? necessary is independent of th«? dintiuico and i rjmil to

about 350 volts (K. Willianw, " Phyn. Chern,;f J I , 210, HflO).

O. Hoveda (" Phyn. Hcv./' 34, 2.1}, PJP2) «iviw thu follow

ing relationship for point to plane,

where a, b9 cf are conntantM, and I) is tint interpolitr

The um of minute points corrugated or roughened metal

electrodes in industrial o&rmiHcrH m very frequent, Kinc*«% an

we hava seen, the presence of points faei!ital'*H tlir*
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L. Becombe (" Jour, do Physique," 2, 181, 1912) has at-

trmptcd to calculate the energy dissipated in a condenser

when connected to an alternating current source; ho shows

that the energy absorbed, i.e. VSq (where V is the applied

E,M.£\ and q the charge on the condenser), can be expressed

in the form :—

VBnv + R«SV,

where m in the polarisation and Ro a constant, this is equi-

valent to the dissipated energy:—

or the dissipated energy is proportional to the square of the

polarisation current and independent of tho periodicity.

V. Khrlich and V\ HUBS (" Zoifc. Elektrochom.," 19, 330,1913),

as a result of an investigation on tho measurement of tho

electrical quantities in a Siemens ozone lube, showed that

tho ionisation or polarisation current and applied potential

were always in phase, and that the potential difference

acroHtt thu gas gap wag a direct measure of the energy.

OhaHBy ("Jour , do Physique/' 2, 876, 3912), on tho other

hand, showed that the energy absorbed per second by a gas

under alternating fields, varied as tho charge Q and not as

the square of the charge, as in metallic conductors.

An increase in conductivity of the solid diolectric is also

to bo expected from its exposure to tho ultra-violet light

generated by tho brush discharge in tho interpolar air gap.

A. Goldmann ( "Ann . der Phyeik/ ' 36, 3584, 1911) has

shown that solid dielectrics exhibit both an increase in con-

ductivity and a negative discharge of electrons similar to the

effect in metals whan subjected to ultra-violet
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irradiation; the conductivity of Kulphur in Miid to inert

1500 times when thus illuminated.

of Industrial O'uniMf^.

Industrial ozoniHcra may lx» grouped info t u » dixtiuct

types: thoHo in which the nilrnt discharge p a w n HCTCISH thu

air gap without the interposition of any Holid diH«u:tri<\ and

those in which one or both of tho electrodt'K arc protrrU'd by

some mutable* diuliwtric material, utiuaUy glahH.

N*m*dn:ltrtrw Oiunim rn.

S(jvi»ral attc»mptH have been madti tt> protlutu* m\

without any dielectric and although !arjj«» unitn on varti>UH

KyBtoins have Ixtcn conntructed from iiniu tw tiitti*, tlwir

efficiency has usually been cxtr^mc'ly low and at tin* pri'hf-nt

time all industrial o//>ntHorH contain dit*l<u:trit: matcria!.

Schneller, Wisnc and Hlcum, in IHUt, wrnt th** lirnl tn

construct largo o^oniKern Without a diffaciric, (>a«* din*

charging surface connisted ul a uhret of platinum gati/.if to

provide a great number of juimll pointa HOim: 90 mm. fmtii

the other nurfaco formed of perforat«*d mistal nhfrt, !hi* air

current being forced through th« porforatiutin in the hhi*««t.

The two electrcnleB w<?n» cylindrical in tihiipri and wiir«

mounted in glang tubim. Th« opirrating voliag«» wa>» mi finut

li5»0(K), which was nubseqauntiy t%\mn\ to $0,000. To avoid

the formation of an are discharge, which in tho hhm*nat of

any dielectric between tho efactrodiui would \m attetided with

disastrous affects, a high renistance wa» inserted in w*riei

with the OEonijier.

These tavestigators found much diflieuity in thi* mm*

structioa of a tmwfanm suitable for the purpose. I t was
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necessary to obtain a suitable resistance of 1"5 megohms,

capable of carrying 0*01 ampere ; moist unglazed porcelain

and glass tubes containing 80 per cent, glycerine were found

most suitable. Vosmaor (" Ozone," p. 94) nhowed that

sparking and arcing could not be avoided even with this

artifice, and that the external resistance served to increase

the capacity of the circuit rather than the resistance.

Slate was found to be more suitable than either glycerine

or moist unghized porcelain, which rapidly lost its humidity

and suffered an increase in resistance.

Paiin'n ozoniser followed a «imilar construction ; re-

frigeration of the air prior to ozonisation was employed to

increase the yield, and a number of small metallic perforated

prisms enclosed in a single unit comprised the electrodes in

lieu of the perforated plates and gauzes in Schneller's ap-

paratus.

Various improvements in design of this type of ozoniser

were introduced by Tindal in 1894 and more especially by

i)e Frist* in 1004. Do Frise's plant was actually employed

for a short period in the sterilisation of water on a largo

Kcalu at the Baint-Maur Water Works at Paris, but the

dielectric Kiemens-llalsko ozoniser was subsequently in-

stalled and adopted an proving itself more economical in

operation*

Tindal employed Schnoller's method of augmenting the

capacity of the system by the insertion of liquid resistances

in series with the ozoniser. The ossoniser consisted essenti-

ally of a system of compartments separated by perforated

metal plates, containing alternately a set of electrodes and a

water-cooling device.



T h e perforated metal platen a t t ached t<> the mnlu j j j tuben

«erve;d an one net of electrodt s of the4 ay,*mi** r and firu j^uize

an the*, o the r Bel

7 i f ' " ?

rr..: -'!
f " < \' % Sli!fl1Rili§ I *̂  * * K^ î j

*! in r n r u h i t s u n it* aTlio watir wan

inent th« cooling.

J)o Krinc* likewise adopted Tinciarn urntn;!* iu*atit *»f ;*It«-r-

natingomn'mition mul rrt'riyiTiition, but Hflupird n rlitfiriui

arrangcinmit for thf cHHlrilmtion uf thit **Ii-rtr«r!r-».

discs mounted in piiriilii*! imth with itn t»vvn Jt«|tnrl intitirtivt*

capacity in a water-cooled mftnlltc fmu^h wtn*ij M-rvnl m

tho other

T ]

Wtter Cooling
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Kadi disc was furnished with a number of minute points to

facilitate the discharge.

These ozonisers wore in successf ul operation with voltages

up to 10,000, although an applied voltage of from 15,000 to

20,000 was usually employed.

ft possessed distinct advantages over Tindal's apparatus

in that the distances between the eleetrodes could be reduced

very considerably without risk of arcing, thus increasing the

efliciVney of the apparatus.

Various types of mechanical ozoniscrs operating without

th<» interposition of any dielectric have been constructed from

time to time, the most BUOCGHHEUI being that of Otto.

i x

Km. \B.

Tho frequent occurrence of arcing in non-dielectric

ommimm an well an tho necessity for obtaining a very small

polar distance between the electrodes for efficient working,

lod Otto to construct an o&oniser in which by the rotation of

ono <»lcctrodt! tho polar distance was always varying, so that

if for any accidental cause an arc nhould be formed at one
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point, it would speedily be broken again by the* subsequent

increase in tho arc gap. A diagram of an improved form of

Otto ozoniser in shown above. One electrode* whirh is fixt'd,

coiwiHtH (essentially of an aluminium d?h<\ ninihlrd wilh it

great number of small points, the rotor bring a mH'ilhe disc

segmmitod with insulating material. Up to S0,000 volts hav*»

been employed on theflo machines

None of thene ozoniserB have proved sufiirirntly economi-

cal or reliable for industrial operation** in whirh, al the

present time, o^oniKern containing one or isit»r«* «ln*ler,trirH

are practically univernally employed.

Ozuninrrs Containing a Uirh%ttra\

Tubular OzonkerH,- The present vtmhtnu&um nt HiTvice-

able apparatus for the production of ozone by miwn* ul thn

silcmt discharge has developed from the RttuplrHt Umtw of

o^one tubes constructed by von Hit'tzirnM, in 1837, in Germany,

by Brodie in England, and Bctrthefot in France.

Hiemens' first o^onimir consi^trd cHHiattmlly of two vjmxml

glass tubes, the outer coated r*xternally unci th«* httwt intern-

ally with tin-foil, the air being passed through Iht* mtnubir

spaca Brodio Mttimtituttul wati^r m «li>rtrix)i) ttmtiTiiil it? thi»

place of tin-Coil, and Ber thdot nmul »tilphurir ttrwl
rVhi*m oasoniiKirs thus contained two diabfcirit? plAk'M rfivtjr-

ing each electrode* and in practices gave? twrvtcrAbhs ^nd

unifonn results.

Brodie's and Barthaiot^ system pvm somewhat IH>U< r

resulti than that of Btstneiii*r ninm it in a ftiinpin matter in

tlwm forms to arrange for efficient cooling of %\m electrode*

and int<trplar space, When oxygen is employed innlmd ot
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air, a 10 per cent, ozone concentration can easily be obtained

at room temperature and over 20 per cent, a t - 2 5 ° C.

Yet another type of apparatus was introduced by Dr.

Oudin and Andr6oli in 1893. As one electrode a simple

form of glass vacuum tube was used, electrical connection

boing furnished by means of a soaled-in platinum wiro,

which in Andrtoli's apparatus ran through the whole length

of the tube. The second electrode consisted of a series of

equally spaced indented steel rings, surrounding the vacuum

tube, or a copper spiral coiled in the form of a helix round

the t ube ; the whole unit being inserted in a glass tube

through which the current of air was passed. Gaiffe and

E. (Jhatelain at a later date modified Oudin and AndrAoli's

apparatus by substituting a second annular vacuum tube in

place of the steel or copper electrode by the former investi-

gators.

Bmail types of Oudin and Andr^olPs machines were at

one time popular for medical work but have not been

developed for industrial purposes.

The Siemens type of ozoniser was developed by Froh-

lich and Krlwetn, of Siemens and Halske, to its present form,

which has proved to ba eminently suitable for industrial

purposes*

Th© tubular form of the earlier form of apparatus was

preserved, but various modifications ware made in the dis-

position of the electrodes.

For the internal tin-foil coated glass tube, a cylindrical

aluminium tuba was substituted, maintained in position in

the outer tuba (of glass), and separated from it by 1*5 mm.

by w&mn of three ebonite spring plungers* As the other
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electrode, Brodie,*H idea of lifting wafer was adopted ami pro-

vision was made for circulation to enhtm* ronlu?^\ the ra>4-

iron fraiao containing the moninvr and wat* T enulm^ bHng

carefully earthed. Tlir smallrst t<rhni«*al unit rontuirm two

ozone tubes, the; lar^^nt fiyltt in tin* H,%U\V wat^r-foolinjjj

framt% which in provided with a jjla^s iunpitiiMn phitr*.
rrhc operating voltage* varies between 1000 and 1

voltB.

,«« mfi,r

Fm. in.

We havo already <&hcmm& the, remtlts abUmml liy

Krlwoin with this typii of appumtuH and will rrfcr to tlw

technical applications in a »uhm*<jticmt Mvctiun.

A similar typo of apparnttm ha« Imun drvi'lopfd by the

General Kloctric Company t but tbt* Hom»w)mt rh« &p€*r u>nA

equally efficiant enaznall^d iron hm hi*m HubHtituted for th«

aiuminium.

o Westinghoune Company in the (hmul omnmt
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stitute oil for water as the external electrode, and utilise, as

in the early Brodie tube, a double dielectric system.

According to the investigations of Vosmaer, tho economi-

cal production of high concentrations of ozone is realisable

in thin type of apparatus.

Various other forms of tubular ozonisers have been the

subject of patent literature, a few of which, such as the

Of/

Air
Ozonised

^EKCTX:

on
Metal

0/7

Fia. 17.

K l w o r t h y , Y a r n o l d a n d Gaiffe, h a v e b e e n s p o r a d i c a l l y d e -

v e l o p e d for a Bhari t i m e b y s m a l l c o m p a n i e s , o n l y t o s i n k

a g a i n i n t o o b l i v i o n . I n Bx irope t h e o n l y r e p r e s e n t a t i o n of

t h i s t y p e of o x o n i s e r w h i c h m a y b e s a i d t o h a v e e s t a b l i s h e d

i t s f o o t i n g i n d u s t r i a l l y i s t h a t of S i e m e n s a n d H a l s k e .

Hate Type Ozonisern.—In t h e t u b u l a r t y p e of ossoniser,

o w i n g t o t h e d i s p o s i t i o n of t h e e l e c t r o d e s , i t w o u l d a p p e a r
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that the UHO of cooling water in esnential in order to kiep

tha interpolar space and the* inner electrode relatively e«»o],

which, an we, have; Mkrn, in rah* of the most important f wiors

in the economic production of ozone. Shire the thermal

radiation obtainable from two parallel platen is much jjreiter

than in the. tubular form, where tin* radiation in prnrtiedly

confined to tin* interpolar area and to the external httrfurr of

on« oleetrod<!, th«» provinion of cooling vuiier it not «'s<tnf!;iJ

fontflicumt operation. Although hutUr tvunltn are ul t un-

able in wcll-dcfligmui tmnrnvrn, when* water vwAmx J nsn]

in addition to thn cooling effected by th«i air pun̂ it**»% y< t

with air-cooled plate* owmihvru of this proper fieni^n mul with

tho enhanced capital and nmning COHIH rntiuUni in water*

cooling (iciviceH, tins cost «>f ozone pruiluction bv either

mothod in approximately rrjtiiil. Neverih^leitH, in thosn raw nt

usually exceptional, when* high ossono ctoneentrntioiiH nr low

air current velocities aw required, provision for wsii^r wutiitl

ap[X*ar dosirablc*. Modurn plati! fc r̂m tmrninvn JKIVI* r<m-

H4*quently di^veloped on thimr* two di Xmd IJIM'*, fhovr in

which air cooling only i« utilinod and lht>M* itt which Mitpplit-

montary water cooling m tnadn umt of.

Air-cooled Plate Otonixtr*, Thu €*mrli**r o^ui^em of

thii type*, such a$ thonuof Villon and Gimifi «f Vrl^mi^nni,

and an cxportmontal one of OtioX wt»r« not a num***, ninrt* it

was found iinposgibki to pmvimi a w r y conwdenilik? rinii in

temperature during contmuouH opcnitioii, rmulijng in m

serious Io«i of efficiency.

The first technical ozonm*r which fthowinl prtmitm* win

that of Andrinli, and ponmmmA th© gnmt m^riii **f t»iin|ilinly

of construction and uniformity in operation.
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Andreoli's ozoniser consisted of a series of serrated alu-

minium plates separated from each other by a sheet of glass,

ca. 2 mm. thick, and an air gap. Each plate had an area of

30*5 x 30*5 cms., and possessed 17,760 points formed by in-

dentation of the serrations. These units were mounted in a

wooden box ; provision was made for possible expansion and

contraction, and various artifices were devised to ensure the

plates being inserted quite parallel with each other.

With an eight-plate ozoniser, operating with a voltage as

low as 3,'JOO volts, an energy consumption o£ 550 watts could

easily 1>(3 maintained, producing ca. GO to 100 gins, of ozone

per kw. hr.t naturally at very low concentrations. In his

later models Andreoli likewise introduced water cooling, and

could consequently elevate to applied voltage from 3,300 to

10,000, without any undue rise in temperature.

Experimental ozonisorn of similar construction have been

designed by Vohr and Vosmaer but do not appear to have

been developed for industrial purposes. The only air-cooled

type, plates ozoniscr which appears to have outgrown the ex-

perimental *tata, and to be actually employed in the various

industries, is that of the Ojsonair Company,

Thin ozoni«er in extremely simple in construction and

efficient in operation. The eleetrodie discharge through the

gl&HB dielectric platen and air gap is facilitated by employing

flat sheets of metallic aluminium alloy gauze as electrode ma-

terial ; this possesses the dual advantage of an even distribution

of points over t^e 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 gm& of ozone per cubic metre may be
9
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obtained under conditions of actual operation without undue

elevation of the temperature. The opi rating volt a y i*.

ally f;000 at periodicities varying frum 25 to 1U0. Tv is ',

Hhown that at a c:oncentniti<*n of *2 ̂ IIIH. pi*r t*nbir in* trv

output may exceed 100 rjms. JHT kvv. hr.

Platr Osnmntr*. Thi*. tvj>»* of

was dt]vc?lopwl chtnOy by the i*nrly tnvi'Hti|jtitmn« #

and ftubHoqupntly by th»9t» of yinnmvt atiil Abrntintii; ns a

romilt th<* Otto Marntirr Abraham O/cini»wr ti»*« ivmHtnif:t«til

which has found a by no inwin* ifi^ignsfirunt ntiin)M*r »f in*

duHtrtal appltcationH^ rmpi^inlly in Kimnri*.

Tho unit consiatn of a pair of hollow A\HC Hrr tndrN with

perfectly plain faro* which are pmtf*cl**fl by plat*'* *»f the*

diek*ctric, in thincaNr* %lnmt nornr *2 mm. thu'k Tht* i«li*r»

polar air Hpacc thmu^h which th** air IIIMVH m 14 ratlial

direction varks from 1*8 ia t*H tuiii, in width Kach
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is cooled by running water, a broken fall providing against

short circuiting through the earth.

Air

Fro.

The outer caning is made of earthenware, the air being

forced in at ones end and emerging after colonisation at the

other.

\ z .

EAKTM

FIO, 20.

The ozoniser operates euceefisfully at a voltage of ^0,000

to 40,000 volts, although voltages much lower than this can

naturally bo employed, 12,000 being quite normal
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Otto introduced for th^<- tuarlunrM a M!npl*« form of

electric safety valve consisting of two horn •• hup'-d »*;«-r!ro<l«*«,

separatee] by a variable air ^ap anrl plart**! in • * ri* H with ih**

An ac^iclfiital rim* in the* optTatiny vult%'f«* woul.i r;uini*

flischarf(<t to take pliu*«* arrows Ihr air JIHJI wL* n ^siiiably a«!

justiid, and thus obviate any bn^ak-d'iwn HI t)i«v i!i«]Miri

platan of the ozoniner.

Labillct hn^uhti'rl flif UNI* nf iuir»* a, a rhi!»rtnr in j*l,m

of glanB plate in oztminvr* of (IUN typ«% b»tf in j'*arii»'« , •*wjnj

to the? dinintf^ratirm of thi^ lammntul HUIU n i l ,

were obtained.
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THE CATALYTIC DECOMPOSITION OP OZONE.

SINCE the quantity of ozone in equilibrium with atmospheric

oxygen at ordinary temperatures in, as we have seen, almost

vanishingly small, it follows that in ozonised oxygen or

ozonisod air condition** of unstable equilibrium obtain, and

the apparent stability of the otfone is duo to the fact that the

equilibrium is " frozen/' or the rate of decomposition of ozone

at thoHc temperatures in almost negligible. The rate of de-

composition of the ozone in excess of the minute amount

present at the* true equilibrium can be accelerated in a variety

of ways, such as by the addition of catalytic materials, either

solid, liquid, or gaseous, by photo-chemical action, or by

purely thermal methods, by slightly elevating tho temperature.

The rate* of decomposition of ozone has been the subject

of many investigations. Hhenstone in 1807 considered dry

ozontj to be extremely unstable, and to undergo decomposi-

tion with extreme rapidity. At a later period, H . E . Arm-

strong showed that, in the absence of oxides of nitrogen, the

rate of decomposition was sensibly lessened.

Jtthn (" Zeit. Anorg. Choxxi,," 48* 260, 1906), at Nernst 's

suggestion, conducted a series of experiments on the rate

of decomposition with a view to elucidating the mechan-

ism of decomposition. The ozone molecule may undergo
(138)
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decomposition in u vanity <*l way-*,.** mdi* ,n« u in flu I*JI-

lowintf equations: -

CO - C ) .«>_

(ii) O j <>» .|. O

(in) (>., -I- O ;>O,

•lahn'n exper imenta l result u app* ured t«» mdi* Jii« Unit t he iat<-

of decomposit ion tunM hu Umnnhl**d tn l\iv • \yu mn

H o connequra t ly arj;u«**l t ha i th« dvniM\*t*\U m f**ll »m«4 IJK*

courm* indicutcri by «*ijuafiorm in) and uu^ on fJir H

t h a t the firnt macti»m UHH nipid ?in4 nvt*i »iM«

and tho Juuiond slow and invvfrnjiil*

J'onnan and (in-avcH (*' l*ruc. H«*y. Hnr./ ' 4» Mi7, h.Vi, I

likmvino nlat^d that tin* mt«« nf ilfToni|$«^$l3^ii \WIH IH\I r

proportional to the couci'ntratifm *>f Ui>

K

Chapman and ( lark r Trwi*. Cli^in, Hm-./ 'w» IM*» 1^

and Chapman and Jcmcm f" TriUin," 354^ *J|f#«$, i.H-j)

tilts whoki iiiattur to tui c'xhinHtsv>4t*x4itsirt4!io}i f ||$*^

that Jabn'M and i'tTtnatt'H uitrrpa'titiiou ^tin t$Mt M»rr*'«*t und

that very M?riotw utnttn dm* in th<* ratalytic flf^ct r»f tin* mir-

facc of th«* gla«» vi*4scil vitiated thit aoramry uf th**tr r

TheiMi inve,»tigat<H« found thut th<* iat<t *rf thvnMi>ttnilv

proportional to the tenure of th«: rnticf*niratt(/ti cif thi

and independent of th« oxyg**n p
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or "~™ - KC(O,)*.

K Woigort ("Zei t . Phys. Chem.," 80, 78,' 1912), however,

obtained values corresponding to an order of decomposition

somewhat exceeding two in the dark.

The rate of decomposition is greatly accelerated by rise

in temperature, being almost instantaneous at 270° C. and

quite rapid at 100° C. This fact, namely, that the equilibrium

in not to be regarded an "frozen7 ' until room temperatures

are arrived at is, an we have seen, the factor militating against

the successful thermal production of ozone in contradistinc-

tion to nitric oxide where the equilibrium is practically

" frozen " at GOO*' 0 .

The decomposition may likewise be accelerated by solid

catalytic agents such as the following:—

Aft Cu, Co, Ni, <;r,O3, Pb,O4, VaO6. MnO2l TiO2, ThO2 ,

CoOa» U,O8, W A > BaO, CaO, Hg, Ni, 1% Pd, V,

and powdered glass.

The catalytic activity of platinum black is extremely

great. Mulder and v. tl. Meulen (" itec. Trans. Chom. Pays.-

hm." 1, 107) and Warburg (" Bed. Akad., Bor.," 1, J000, 1176,

1901) noted tho rapidity of decomposition of ozone rich gas

whan passed over cold or warm platinum black, whilst Elnter

and Octa l (" Ann. der I'hyaik/1 af 39,321,1890) and Well and

Kopp C'Jahrenber. Chom.,M 270, 1889,322, 1H90) observed

the formation of ozone by panning oxygen over hot platinum,

indicating the reversibility of the catalytic activity of the

platinum.

In many cases the activity of these catalytic materials



can bo attributed in the format inn HIMI sub *« jw nl «i« rum-

position of an unstable oxide or prrn\nli , r.;(.

',1A;' -I- O., -* A;: <) i Oj -» Ay.

Mam-hot r J V r . , " 30* J:>1<>. IUur,; 4 0 , ' J O 1 , VMu ; un«l 4*,

t'UMH, IUOK), as a result «>{ a MTH-H of «'Xprnm» n t \ obi'uni d

Home intere^tine; results vuth silver a4 H *',fcUl\ti<* a/* nt. !!«•

not(»d that purr Mlvrr was n i t t ivr ly .<ubl«* m th« |»n » n*-r

of ozonr, it \mintt nrcr^hary l*» warm fh»* nu*t U u p f u 2 l t*.

Ixiforr ilvcuutpoMum of tin* ozuu^ ami lorm.ition «*f ,iU« j

oxide oc:c*urri.*«l.

A trarr of iron, iihUatiy nlitami-d fr^m th<* **m» ry j*M\vd**r

itinployod for rlisutiii^ fhr Mlvvr, «̂ rv# H JI* un » v »l!» nl

catalyst prumotrr, ^ilvrr roniainin^ but a iitinnt« tt*u^* **f

iron rcwtH already at nurmid 1*'inji»'ratun H, -AIHI 1* ^ th*m

0*01 pi*r ct:nt. of O/̂ OIK* <̂ ;fcu hv AviwU4 l«y tin * m* ui . M u*

chot hlaU?^ that Mlvr-r thti« pr»*p-««*d i*« * v« n IIJUIK *nui}%t<

than alcoholic: tt*tratuf fhy) lm «̂* jnp r r «i»t*i tlui! iJi* M^ *n«*

prf!K<*nt in hot i1auir(* v&n VAM\X b«* *!i t«<*t*«l

J . Ktrntt {" Vtw. V%ow K u r / ' K7» :«i'i. TJJ;!| 1 viiiiuiMi

Chapinnn and Jon«V rr^nll ^ from .-i 4iitM.<Ml j^'inf o< v?« *%,

1I«* nhowtd thai nt thi* mm* «4 <:tt;ilyt)r* «1«<*' mp^ufi^ii :if a

gftS-Sfilid Htirfjiri*, thi» rat** of iiiTyii$jxiHitto?i rl<*ĵ  »4 * ^n fh^

Diinibrr of f:t»HtHioiiH of ii *».»IH m<il**rHlr with th* *• tirfi*«^ n<«* H-

sary to i*ift»ct thy nifiturit of lh«* mul^jul*- t*r n a t i o n with

thit hurfiu'c*.

(!]itrulatttiK tin* nuitib^r of rolli^ion^ nrr«-n*«ary **» «*Jf»*%t

thn dfrofiipoHitioti of o/,«ini? in tin* jiif^^nrr of utrtiJli** wlvrr

from th«t mmimiim ar«n of *»ilv**r n«ri*.Hftry î < HtVri ..urli

rhan^*^ ho nhowrd thut otijj J i i rollNj*#n*i of i*n «/,<,!»< m<ili'

cult* with tht* wlvi«r w p nrrritKitry, or prn*Tln*iiily <*%** ry «-'*!•
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lision was effective. In the absence of any surface, i.e. in free

space, Strutt concluded that at 100° C. two molecules of ozone

must collide C x 10 n times before a favourable collision re-
sulted.

The effect of various gases on the rate of decomposition

of ozone was likewise investigated by Chapman and Jones,

who showed that oxygen, nitrogen and carbon dioxide had

no effect, whilst nitrogen dioxide and chlorine accelerated

the rate of decomposition. The influence of water vapour

wan not very marked. Shenstone (" Trans. Chem. S o c , " 71,

47, 1H97) stated that water vapour did not retard the forma-

tion of ozone; 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. dor Physik," IV, 20, 757, 1906) found that the for-

mation of ozone was retarded by water vapour whilst the rate

of decomposition was not affected. The specific influence of

water vapour in accelerating the decomposition of ozone was,

however, noted by Warburg (" Sitzungs K. Akad. Wins.,"

Berlin, Mi, 1913) in the course of his investigations on the

]>hoto»calaiytic decomposition of ozone.

I t may be concluded from these experiments, as well as

from the somewhat scanty data collected on the rate of

decomponition of ozone in Bolutions, that water vapour exerts

a alight yet distinct catalytic action. This is only to be ex-

pected if it can bo anfumied that ozone is slightly acidic, eince

when passed into strong alkalis it forms the somewhat un-

stable coloured ozonateu MH0 4 . In this case (see Chapman

and Jonett, u Trans, Chem. 80c.,'1 208, 1811, 1(J11) an equili-

brium is probably set up represented by the equation—



If tho ratr of rli m m j j o M t i o n in th« J«I« < n< * »f

thtw acrrlc»t\ifc<l by tin* H<>4 i on thi n th«- u b « r

cU*coinpohition wi l l b*«

* ('(CHIj is vrry Njuull *m«l K

U> K.

Knfh i*1 Mr

un!u]K)^itinn tif

rait* *?f dfcutfipMMitioii HI MIMDJ.' n« $4H \%»I \ u* %th \ntn* * * til $r

and in vi*ry

fur a n y arid n

by httitahlt* rhr>irt* nf fhi* v*il»t« ** ti<*iu h n i 4 h , th* %«I'

ytu* t irt ivi ty ut l u f b l in <l*<*m#j^ r,n* **̂ * i *w tfc*

f iml Htttflifil by l i i ' p « i r i" Vnu «l*-r T b v i k / a*t» l « " n I*«HM,

w h o Hh<i\vi»«l t h a t Ii^bt of n r*«r* u n %)iv* J« s i / t h in lU* n\U i

v iolot port ion of tht* npi drum* viz m ilt«f r«^JMii;? Ml! * ,£'J

aln»acly iltHCtthMrci i h f ii$lrri^lsii|» (net Mint U/Ut «-f #*!#**Jf# t

WHVi* k*tl|»lll l*KPrt« lift oAJlllttlffc' SiHl^fi
frhi* ri*ai*lion of ktrti-tirK of U I H r# *< turn % i»* itn-* uj* it*-1

by v o n Mahr {'• A n n thr I l i y m k . * 4* 4 t t V.l^f JUMi, nu<l« *|i« r 1,

a l ly b y W e i g h t (•• Z i i t J*hy* Vlmn / * Ho. 7 \ li»I J t %vh*»

• h o w r d t h a i w i t h i*otup|i*fo nhmrplmn r#( i i^l i i tli* r«M< fi^ii

v e l o c i t y of decompo^i t io f t wm pnt|K>rlioii<i) fr# tli« ci^itir r o n *
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erntrations. On tht\ other hand, under conditions of homo-

geneous illumination, when the emergent and entrant beams

are. equally intense, conditions obtaining approximately in

very thin gas films, the reaction velocity wan found to be pro-

portional to the square of the ozono concentration. From

Weigert's data it may be calculated that in his experiments,

approximately 100 molecules of ozone were decomposed per

quantum of light energy absorbed. We have already noted

that the magnitude of the quantum hv necessary to effect

any given photo-chemical action increases as the required

energy increases, and consequently the photo-chemical activity

of light in greatest an we approach the extreme ultra-violet.

In the case of the formation of ozone from oxygen we have

already diBcuBned the effect of quanta of various magnitudes

on both the oxygen atom and molecule; we would expect

that the magnitude of the quantum necessary to detach an

oxygon atom from an ozone molecule would bo very small, on

account of its instability ; and again that the period o£ natural

vibration of an ozone molecule, which determines the absorb-

tive power fur light of a definite wave length, would bo larger

than that for the smaller oxygon molecule or atom. Both

thttttt; expectations are fulfilled in the experimental results

Kntming light ban a longer wave length than that

tive in ozaninntion. Photo-chemical equivalence, how-

ever, in not obtained as in the ca«« of ozoniBation. The

aliHorpfcion of a quantum of light energy by tho already ex-

tremely unxtabic ozone* molecule causes it to explode with

coniidcrahle violence, ami, JIB wo have seen, tho energy liber-

ated during the explosion in able to causa the primary and

secondary decomposition of over 100 other molecules before
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Urn vnw^y is dissipated int«» 11 J• * Mi r ronndn i" jn« fijiitu. M,

Sal t rnarsh (" iVoc. I 'hys. Sn«\f" 27, :i*>7, I'.H'n r« •nni > l l ir

ultra-violet lijjht in deoxonna t ion a* tin* v»»ir»v «»{ nnr «j m

the ozonised oxygen \vhi«*h H«TV«*H njijfr«JI. »*f ij< fumpo »jjion.

Similar resul ts w<r«t r)htairj**ti by 1! WaHMinf t" I •* rhn Al;u«!.

Sitxiui^Rlirr.,1 ' 3, <U lt lUI.'ii. lii« ohtiiin'^1 v.ilu* for ih»*

Hpccific ph<iU>-(*h«iiH«'iil ur t ivHy I»y filling a hPl< «JU«ITI/r< il

with ozonined c»\y«fi»n and vt<\ui nin ^ J u ntdi:ii^ n t**r 'i

civimitv, hmfcth of timi*.

frhi ( specific* pho!o-rhi'init*al aotivify «/̂  wa ««l<iurn' 1 f?«»m

tluj ratio- -

* ,,; •

wh(*rc K in fh<; MuT^y alM**rl«**i frniu lh»- l»;'h? //: , '\h*\ n\ I1J«

o/.(>nfkc>oari'i}tratin!i brfon* and aff* r JIT ^ h a t i ^ u .

#) Tii^hi f*n**r«̂ y in j*m- ral<*ri#**» p« r »«»*'*n*i

A Knirlinn uf li£»ht rii*T,'*} .*il̂ riil»r«J *#w

/// CwKvnimfion of o/^nt* in r<-Jl.

(j A ci»U r.dn^fant «'OIT» vin\i*y f«*r lh«*» p^nf urn

lion t4 t!»* n/jjiif in tin r**!!,

atul in the* almfiim of rmJjritiou -

log i it t:*/

tin-

cb(«tnicfil activity with liyhl of wnvi* Jrn/*lh X - *25.'$ |*^ f<«r
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ffautefeuille and Chappuis (" C.R," 91, 762, 1880) were the

firnt to notice the inhibiting effect of chlorine on the forma-

tion of ozone, which renult was confirmed by Shenstone and

KvaiiH r J , ( ! . 8 . ; r 73, 21f>, 1898). The work of Bodenstein

and oihern on the hydrogen chlorine combination leads one to

conclude that chlorine, is an optical sensitiser for the decom-

position of ozone. V. Weigort (" Zeit. Klektrochem.," 14,

51)1, H)f)H) dearly nhowed tliat ozone containing small

quantities* of chloriruj wan rapidly decompoH(Kl by blue and

violet li^ht, whilst pure ozone in, as we have Hoon,only sensi-

tive to ultra-violet radiation. The rate of decomposition was

found to Ins proportional to the intensity of the light and

independent of tho ozone concentration. I t would appear

that the !no!<;r:ul<!H of chlorine absorb the smaller quanta of

longer wavo length and are consequently endowed with an

excehH of kinetic energy equal in magnitude to thc3 quantum

abhorbedL By suhnctqucnt collision with an ozone molecule

this incrnuu'tit ot vnnrfty in transferred, causing a rupture of

tho iiwnw momenta into oxygen. Tho, chlorine molecule thus

nerves an 11 eonveynr of energy and makes the medium sonbi-

tivo to this particular radiation frequency.
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Al»l*Mr\TlnN To IhMJINSt' I1? HI4**-! *

Tin Sftn/tsfitiiw of WnUr A*/ O *•;»•, Tb< * %r u^u \j*» u

lll**titrt nil thr UH<J of ux<m«' a » 4 tJ* ' ***** lf^' ^ i r '̂J*' !* *"*'*'* it IMJI

t»f water wrrr mad«» by !>»' M«*nti*iH in Fr;uj<'

Hit nhowtu) that4*vi*n fliSul** o*/,*mi'n'<l iur wuij]4 HJ* <*i tin*

Htc'riliNatioit of polintrd wiiti i, j»n*vnli**l that jntiiii %u i uni^t

brtwr«»n j.jas ant! lit|m<! ttHi rlfiriMl, A f* ^ >* 4i i. Lit* r U#««

Huhjttrt wan ri'tnvt'Hti^atH hy Fr^hlirhT' M«-htr^^h»ii*. X* i t , "

341, 1891), of tht* finn of Hi*iiK'?i* »n»l H4l4%^% uh' i» M r t ^

a Hcuii-turhniciil «^p'rii»**ntftl plnnt $%t M^rhruK* airhh

OhtniillcT ami Prall (" Arbeit. Km^ cir i i iml/ ' titfl, I ^IJ*. ni

tho rt'qnfst of tin* (irrmmi (#oV4*rmtm*ni« jiiv<»«tii|*ntMl ibi*

prot;r»h8 in gri-ai detail and w* % r*^nit nh<n%#**4 that owm**

mm^iktiUy atlac*ki*rl biutU'iiii in waiter from wbirh »ny

ikxci*HH of inert organic, nmtu r bad bt'*»n |iri'Vimmly r*-i*inv**il,

Hufliciunt cvidencr an to itn praciienl ntiluy WAH ibian »t

band to warrant a CIONW i-xntiiitiiitton AH t« im ninlnbiliiy f*ir

municipal work.

Chumicaliy, o/»ane i« Urn UU%1 u^nt for {HirifWiion, *mcv

it lî avrm bfbind it nolhin^ f**n*î *ii in tlit* in^u^i wiiirr, with

tht* vyuwplhni of oiy^i*!*, wbii'h tv> *̂*H us tin* !i*»r»m!

and ^nuitiy atigmt'fitH thr- pfikinbility of ib«* w»u-r.
1421
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For technical purposes, however, the important factors of

reliability and cost are all important.

AB a result of Frohlich's experiments and the satisfactory

report of Ohmuller and Prall, the firm of Siemens and Halsko

developed thciir 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.

Contemporary with these developments, Tindal, Schneller

and Van Slcwn inHtallod an ozone storilisation plant at Oud-

sltoorn in Holland which wan subjected to a dotailcd in-

vestigation by Van Krmengoin on behalf of the Belgian

Board of Agriculture, and by Drs. Ogier, Iioux and Kcpin

(" iluv. Gen. dan Sciences," 596, 1890) for the municipality

of Paris, with the renult that an ozone installation on Tindal

and dti KriHo'fl system was installed at St. Maur, Paris. At

a later date a combination of the Tindal-de Frige and

KiomfinR-IIalHkn HyKtorns was utilised by the Parisian muni-

cipal authorities.

In 1R08, Abraham and Mannior erected an installation at

Lillr% and in 1(104 an ozone plant on Otto's system was sup-

plied to the municipality of Nico.

Small installations wore likewise erected on Vosmaor's

hyKtwn in Holland and at Philadelphia, U.BA.

kn a tmnli of theno devolopments at the present time

then; arc* in operation over fifty plants for the industrial

htwiiifiation of water by fehiB moans.

Wu have already given a brief description of the various

typcm of nzoniHcnt dmolopaA for the purpose of the economical

production of o/*oniBf*d air ; thevariouBinHtallationB naturally

dsff«ir<*d in tht^ir mcthodfl of ensuring contact of the water



O/.ONJ,

w i t h t h e o z o n i n e d a i r a n d i n t h e p r e l i m i n a r y t r i M t u u n t o f

t h e w a t e r .

Si/sfnni of /insunn// Intnntift Cu/iftirt /U In** n tfa if <*w

and Wuttr. - I n t h e e a r l i e r H i e m e n n a n d H u l n k c m f i l i a t i o n *

a t W i c ^ h a d c i j a n d P a d e r b o r n , »Z( in i e d a i r nttiUnnnm (mm

2 i t o 3 g r a n n n e K o f o z o n e jn r r u h i r i t n t r c \n^ * d

Ait |

ft tif

t h r o u g h a t o w e r f i l l e d w i t h h r o k n t ( l i n t m a d m* I it d * H o

i n g c u r r e n t o f w a t e r w h i c h h a d pstHftpfl t h r o u g h i«

F a i r l y s a t i s f a c t o r y b a c t i * r m l r i * d t m t $ o n WIIM fffi*c|f*c|

iM ittethcMi, t h e r o n n t r a n g i n K f r w u U t o f2 o r ^ t i n i M i u

c . c . ttftur ci%uiiiHutitmv a n d t h r w ur£&ni*tJi*» W I T * * o f

a n d h a r m l e n i J l . Mtbt i l tn
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however, these contact; towers left much to be desired, the

cost being about 2*75(1 per 1000 gallons of water treated.

The fundamental point to bo considered in the design of

a contact tower, viz. the* intimate contact of every drop of

water with the ozonined air, was clearly not realised in this

elementary type of tower. I t is evident that every Hint in

covered with a thin film of water into which the ozone can

only pem-tratct by diffusion. Now the rate of diffusion of the

oxom? into the liquid film is proportional to its partial pres-

sure in tho gas above the film and approximately inversely

pmjjoriional to the square root of its density. Thus, although

it in not a difficult matter to oxygenate1, water in this type of

tower by means of air, since* the partial pressure of oxygen

in air in about 20 per cent, of one atmosphere, yet in the

cane of ozonincd air containing 2*4 gms. per cubic metre

the partial prctsnure of ozone is only 1/1000 of an atmosphere

ami it** relative rate of diffusion only^J*, or three-quarters

that of oxygen. A« a consequence, to ensure sterility, high

wmwntmtions of ozone bad to bo employed and much ozone

was lont at tho top of tho tower*

Trouble wan also caused, especially at Wiesbaden, by

dogging of tho contact tower with precipitated ferric

hydroxide. The water contained email quantities of ferrous

miltH tip to 0'5 partn per million, which were precipitated on

oxidation as ferric hydroxide in tho interstices of tho quarts

Voamaor states* that by proper design of this type of

tower, relatively long and slender in proportion, sterilisation

can he Accomplished by tiding an ozone concentration, of

only 1 gramme per cubic metre, and that complete removal
10



of the ozonu is i'fT<etcd by KHCII a tnuvr win u r i - and liquid

flow rut*'s iu*fi properly adjusted; Urn* a h»*\«r 1 I<*M? HI

diamuirr and »#W h i t lu^h wit^ *hown r.ipuhi* *4 \v**iV*nu

10,000 jjallonn an hour, o w *'t l«-«-t (IJHIUI i* r ,ii I*hii:**i- Ijihj^i

dealt with 50,0(K) J»H!IHIIH JHT huiir.

In tint fa-hi plants nf Tinda! and <h< Vn v h<4h « /MJU .•«!

air and raw \\i%Ur vnUn**l hy sijnmt** J*JJH- . ,it ih* 1.̂  » UJ.«I

ilowc'd in thr MIUIH* diivrtmn fhroui*h fJH* Hint j*:irk« ti Ui\\* r,

which wan divided up into hv^tnvtitH hy tm mi * nf j*» jf^jat* »i

mesial or cfiluloid pliitrrt.

... J*

A orinH2dt*nih!i' adviimv on

Otto hy the tnlrriduc'lton of an *'jiml**jfW for oiHunri;" inti

nmti; niixturc «f c^onis«*d air itnd witter ;it ifn* l*i't»- *4 tl*

towc*r, Th^omuihifuTiH tJoiiHtrurtr-d on tin* lni»Hjr*f 4 jv

injuctoror hitnphf wat4*r viicruufu pump, tfn- %v«il* r "ui

under \irmtmre drawing in Hit* o/oiii»««d mt nwtr-r vnt

Nc»t only was a v«»ry intiumti4 imxtun: t>f tli** f#/<#n

water fsffccteil by thiH rnmiiK hut hy utiltHtn^ Ih

pn«lticed hy the wat*-r ntmiim thu iifn'hMly f<ir

o/*c>nihf*d air, which mjum#& pinups of n^nnl **<#i)«4i*i*iî ii

avoided. CHtci'h inntalifitiun at Sicv uwUnlM * *nfi*

contact tower of cittnunt lilting «hi»gl** »# tHK*kin^t
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o p e r a t e d by m e a n s of t h e s e emul s i f i e r s . T h e p l a n t i s

c a p a b l e of d r a h n ^ w i t h 5 ,000 ,000 g a l l o n s per d a y .

In tfa Ounair Hysfnnt w h i c h h a s boon s u c c e s s f u l l y

d« v r l o p n l for i n s t a l l a t i o n s of c a p a c i t y f rom 1 0 0 0 t o 2 0 0 0

Dillon** per h o u r , flu* o / o m s e d air in d r a w n i n t o an in jec tor

h\ th» p i v h u n ( of t i t * ' w a t e r w h i c h in of the. order of a b o u t

t w o u t i n t u p h f T r u It is t h o r o u g h l y emuls i f i ed l)y t h e i n j e c t o r

a n d \n ^ i i n t o a nti-rili .in*; tank w h i c h in HO p r o p o r t i o n e d as

i n t a f t t̂ f a b o u t HO m i n u t e s . The, c o n c e n t r a t i o n of

i» f rom 2 to .'$ [JIUH, per c u b i c m e t r o p r o d u c e d in

<i fyp f c4' o/oninurH (HCJO p. 125)).

ea t i^ t e c o n o m y in t h e u t i l i sa t ion of o z o n e w a s

viiwU'tl h y I1I» Frs%% w h o in troduced a cyc l i c s y s t e m a t t h e

S i . Matir waterwnrkn , w h e r e it o p e r a t e d w i t h great s u c c e s s .

A f im^rammat i t : s k e t c h of D o Frine/s s y s t e m is s h o w n

to pv< ?i

H i

. SBI.

f»/,<mrt ro i i i j i r i i iwr d r a w s t h e o z o n i s e d air f r o m t h e

m »ti«l fi#rci-« i t i n t o t h e p la te uteril iBmg t o w o r ; from

Mw l o p of t h e i tunimfcr Ilia a ir r e t u r n s t o t h e ozon iBers ,



MH o/ii.M,

pluming on it ; way through a M pit at or and »t dr\» x m which

it comes in contact with e.Uruun ehlnndi t win* h i ** »•]« 4 in

hot weather. A siiml! inrtion valv* on th< nd* ! r>f th«*

admits fn*«h air In umLe nj» i»>r th«* 1M *H IHI m^h

hy thr s t rnhsnl w.ittr *rh« ^!«?th iii" town t*

construrtiul on tin* M'Hioiml \ t» m. t?* H.J» hniii tjp ti[

(stiaiiK'lled iron MTIUUIH UO in< hi % low md 'J f« * t in 4i usi« I* i,

c»ach Krctiim (there* Iniie/ *i<) HitiMiu ;u thr t*»w«n i« IIIJ»

separated from the other* l\> j*eifor it» ?i j ! if*

With a ratio of u/mi*Mt air to w.it* i of two |» liv* •

88 per m i t removal of the ozone in * tfertrd in th*« t<*\%* r

Hynteni, the; renidue bin*; rdu ru id aft* r dtymy* tu ffi*s o/oii"

Prt-treatmatt uf the Wttt*r Kinee in<rt

5H readily oxidiwd by ozont to rurhoti dpAidr IMM! w»t«r, in

order to exanmse every p«mmhle leonomy in th»- utih uii*m ul

amtWt it in neccMitry to hiibjert pMllut«ni u;it* r* in Miitn* fMi»$

of preliminary purification.

The earlier iri>ttaltafif*n»< at Wimsl^id* n iiii4 Viiht\**rn

were c»f|uip|>tid with nimjile rcftii^hin^ lilt* rn with *m nil JH444*^

an filtration inediunt, thruti^h wltirh the \%nfer pn^^i4 nt

relativtily high itptwdtt* In thft k t r r plants, î h« re it

realiucid that the roi t of amoving organic tnntt< r Ly

tion with omnn wa« htgher th*ui by the MHUAI nn ihmiH uf

scdimontatioti and filtration, ition* alb'itiiott WAH pni4 to th»«

pre-truaimimt of the water, and this oasrmtt WAH

to rc*movo the last tract»H cif organic tusti^r and

li»ing uf this wat^r, nonditioiiH unulitAtntilii^ by any in

of Hcdiuictitation and filtration txrr |A s i prnhibiti¥n

In tbo Otto mHtailation at NICM mnA Mlmittm uimn m
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employed an pro-treatment. At Oinndkin, in Holland, the

Mark water i.s subjected to gravel filtration, followed by a

Hand filter. At ()udshoorn the Hhinc water is passed through

seiiiiiient.ilion basina and Hand filters prior to sterilisation.

At Kt. Maur, ! \ t r i s Kedimentufion basins in conjunction with

gnivel and tmnd filters ant utilised for the Marno water,

whilst at 1*1-1 ro^nui the Neva water, which is subjected to

very nt r-on , pollution and liable to contain pathogenic or-

tfmism% is pas>»e«! through u battery of mechanical filters

UMII^ alumina UH roa^ulant prior to the, ozone treatment.

Fur flu- hteriimatinn of upland water* whie-h are Huhjocjted

!M pwradie or • i n ional prjilution such pre-treatnusnt in gener-

ally umnri ^ary , ehpitcially in th(»,sc cases where adcujuato

4ora;/«: in prnvifleil by means of impounding rescu'voirs which

nvi itH M «iuu<iitation l>a«ins of largi*, capaciity* Mxceptions,

h<»w*'ViT, are to \m found when tin* upland water is derived

hum n |w*kty or rmtitly ilfiodrd watornlujd, where, during

tht- Htimtti« r uinnthK, the quantity of oxidisahle organic matter

m the wftt«*r suffers n mrmtrlerahle augmentation and necee-

it r*»rr< ^pofidin^ly incriiRHttrl closagc of ozone.

Fur the fretititient of rivejr suppliim which are already

), itrifl with this gmwtli of the riparian population are

rnntaminated in organic matter, some

form of pr*- <ri littueiu m HI «'fmmirytan«l it inunt be emphasised

that thr ittihty at n/.n«c» In the present ntagt^of its industrial

ttmntifiit'titri' >»» n*^4 mitrkc d whon it i« ctrnpfoyerlas a finisher

or Htf rtlthiii); at{<*nt for watctrn which am already good enough

but tif>t tale enough f«r pttblic mipplirw* rather than when at-

U*tupU art- iim«l« ici purify highly contaminated streams,
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Th*» clmiii^i* in appi'iranr* of in my v, *!*j *f*« j « / *j«i ^

tion in friMjui nth wry MnKm*', it'i I* i! i!J< f * t1 * *< 11 *A U

of tra<M H o| f*i}]nui(t] na/iin* * Miuj* > tu*l an»i i • U*» M J tij* JJ

and t»xy^»natiun iHniirJ rjinju ' jh« pi * «* * Mu 1*\ ( j

pollute tl rtviT wati r-f \\\n*h a! l n ' h < ' ir ^f r «" «*n«

g(»ni»rally flat an*! ni*ii}i4, »il!<r u/ »u 1! *n i^ * <*< JUI

bright and sjurklnit% r*« n« r i f h * u n!» »i *< j * 1 * ' * I yia

unh t in t

physical ^liun^i ai« a* < *>nnpmi* 4 J»%* * h* %uu i\

p iin I* ̂ H iiiaik*^! an«l < h ir *< I* n 4»< <̂  'I 11 1*

thus tJa* ow^t n r'*it iMiu« <l i);fiii< »1« i» rn#jii* 4 i 0+« j 44

gium pt*nnang4iiaf«* un«li 1 "Unducl ^ i ^ i a ^ ^ i* u s, 1. 4!

F4)' C\ in iin«I Hfilution^ m 11 UILJ i**h*^4 !i« *i, <<MJ ,U JW f

contM an in imiintt«'<l bv tin f<»

twttttUtttpm.

1
if

u

4
I $

it ^
u 1
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, *
n 4 *
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Iphm

Tha qntmttty nf orgjitjir iu«lt« r uxi«li *4 l*v tl*« *t/^n* .1*111

4icat(ti! by this thfli'tviifK 111 ih*« wxy^ii rijj»,iim«<l l in ing

naturally vnrirn with tt$«* t!ir<«** farter*, ih* fi'Mur* «*f ilm

organic matter, iht n%mv%*ntxninm wf tli** M/«#I>» , au««J fh* ium<
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o f c o n t a c t l«»i w « » n t h o o z o n o a n d t h e w a t e r . T h u s S . K i d e a l

( " J . H o y . S . T i i R t . , " 3 o , 3 2 , l< )09) f o u n d a t S t . M a u r t h o

f o l l o w i n g d i s t r i b u t i o n o f t h o o z o n o a t t w o d i f f e r e n t g a s c o n -

f h n , f\r Cni»p* \fvlrv% in

Mtfuir . . . . . . . 1-GH 2-65

v, w.tl< r 0-r,7i) 1-071

tuto U.i» jur 0-i:i7 0-201

ju]iiti«m in tho witt««r . . . 0*048 0*tG2

rj ,n fixuh .uig u r^un i r m a t t e r . . . 0*4.94 0*618

(hits. Per Cub. Metre,
ty n e«»n «»4«»*1 for tin) wainr u n t r e a t e d

(from m it! K MitH4 ut, (K)" C.) , . . 1*73 M 2

vfi rr»n itiifuil for th<» wator trcjfttod

(fi^iri a* i«! K M I I O J Hi (JO' C.) . . . l '2C O'Ol

D u r i n g \\w ^ c x p r r i m ^ n t H i t w a s n o t i c e d t h a t t h o d i s s o l v e d

uznmi l«*ft i n t h u w a t t - r a f t o r i t l o f t t h o o x o n i w i n g c o l u m n d i s -

u p j x ' a m l a f t o r a f u w b o u r n , a n d i t B O O U K K I p r o b a b l e t h a t

o f tbi,» m o r u r c n i g t a n t o r g a n i c m a t t e r w a s s t i l l p r o -

T h i n w a n rimftvttwd b y t h o d o U t n n i n a t i o n o f t h e

m H u m # ' d f i^ t i r i 'H f r o n t t i m « j t o t i n u t .

T w n t y p i c u i tcisiH g i v i n g the* f o l l o w i n g r c H u I t B : —

yi Gm$.
Vn Cubic Metre.

Kilt<»r<4 w&titr 1*73 142

AJl4>r'jA;s!i«A31oii i'26 0'(31

f m«f hour lAtitr 1*16 0*58

Tw«# »I«MIW la ter . . . . . . 0*00 0*51

A rt>nrf?H)Kmtlmg <it^ream* in tho free and albuminoid

iikiH plftcu siitiuitaneuusly with the reduction in
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tho oxygon conHunuul fif»ur« \ an in shnun from thi invt 4i Na-

tions of Van <h*r S!«H*U on t lit* K* iw wwt* r :

AB in \hv ciN1 i*f l!u* i^rjutiu* in iH* r in l!.« u>i?«r» u

mark* <1 ri'rturtmn in tin* mint!" r nf l»M*t« n i 14)0 j4 *̂ » fn

romntnn with oth«»r t;i*riniriili'u «»/i>ui' j*. ,i 1« *"1I\«MII U 4riitiii

on mirrrj-or^ani^iii s wrfnin ort'imi^m^ I** inn !u**i«̂  r» 1 t*iiit

than othiTrt to ifn urtum. It no hupp n» thai

or^anihrnn whic:h nr*1 nlrrniflv t*iif*"« 14« *l l*v I h u r

onvirnmurnt an* umily iir'Htroy< «lt %hil4 ih»* n^

r^ani^nih, mwU tin Ii Mihtiln, :ir# fr« *|U« nfly f**un<i 111

wat« rn TIIIH pniut WUH fully iifi\« *-liif *f* *I l*v fHfu

in hi$i ^xporiiut*nt!4 on tin trrattn«*nt *if lln* Snn*^ atnt V*i

}{v« hhnwvtl thai all pnth^u* t w I'irKiitiHin** ;i«<l thf f<4!̂

ing common har:U*ria whirh h** swim***} wr r«* r ippllv r«-inm«

11. prntptiH vw!^annt 1$, prmh^^nn mal A^p» rriltuN 111^ r.

Mor« rcKiKfant w«*r«» II. xiititilin, I i tut< UH »»H! l*»-i#ir$lltiiiit

giaueum, which nnly mm*nmh4 to i»r*i|cii$«i4fj trrntm**nt \%ift$

(#atnlf*tt«t ffhrmvel that htlh

ri*cluctton in th<s l#act« rial polltitttitt of th<« wnt* r fr«n»i

pt*r ti>c. in thi? ttntrcaUii water to 10 r.r, in lh«* frratrd

thofm laltcT Wf*n» fotiml If* mnntnt rntimly of ih#* |$

type. Thaw* ronrluwonn WIT«* ci»nftriii***I by H Hidml in Inn

invriHttgationM on thi* KifiiiMiH-dr Fn**i* pJnnt at Hi. M»mr

In tho filttwl water, prior t^mtmimimn, B roll wa* tt«nta)ly
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pn Hont in 40 c.c. of water and occasionally in 20 c.c, whilst

it Wai* w\t*r foniu! m the treated water. The 20 c.c. count

\V;IH r* flnvt'd from an average* of 74 to l i per c.c, which were

found to in hjxw-bi aring organisms of B. subtilis type.

Whilst piinfmition can hi* rfifocted by the conBiirnption of

u «V, «:jnh of nznm* }wr cubic metre of water, the ozone

v *u adaption j>i»r cubic inotm of water naturally varies with

thi qmihty of t\u* wati»r to hi* treated, tho economic limit

uj^jt ,uv+ tn ht» in the jui^hhourhood of 2 gnin. ozono per cubic

mi in* nf wat» r, lf» hy preliminary tenting with permanganate,

s l h fnunil that tnnrv than this quantity would ho required

ih»n Minn form <»f preliminary treatment in ossontial for

f «*p» i

?//** Purification of Air.

Srv< nd fyp* 4 rif apparatus have been designed for the

thr i*nniu'nUfin of iur in ronfmed HpacfJH, Btich as theatres,

1«* IJII«* Ii^lls ^liiu;fht(T honm% tannerioH and hrcwericB, whilst

* %i* ml* trl n i* nf «i/,«inm<*rl air liiiH heon mado upon the (lontral

I*un4utt Itulufty i»yHtttim and public lavatorieg.

Aiihuu{'h thi immunity of the motor drivers on the

Ijdfjriofi Tnb* H rjiirini( Iht* recent epidernicn of influenza has

IN I n »on** \\)i if n iiMrkalili* it in mort! probable that thin must

\** !iiiril*titi*4 I*i thf* uniformity of temperature and to the

i iiruiftfjofi iif t b - mr mtltiT than to any specific action of tho

«i/,r#f$f in OIK mr.

Tin* i v$4eni:«* for thn np^tWic utility of ozono as a meant*

nf purifying mr H Hrfttt«*whnt fonflicttng.

lirwur unit Mi'HVndrick (" !*<>««. Aim./'«5»t ' ^ » 1H74)

*ii^im^l ilmi |»y thn inhalation of strongly omnimtd air the

fr*»«|Uf nry nf pithation of this hr&ri in lowered ver^ consider-



ahly, thf hlond t«»jnp*»nitun» M I I U from .'* t * *> , >iu<\ p<i«>t

mortem examination shown! that thr MM. 4 }«•**! hrfoim*

vo.nonH in Rppwiranw*, Th<'Mar*l (" (* H ," 8 J , I.VI\ 1**70, an«i

Biny (" Mfhd. <\ HI.,1' *<>• 721, Ivsi» ronrtrtuf *i th« * ««h « rvu-

tionK of Drujir'n. Ki'hult/. ^*Arr!i, f K\f«f\ l*utl* u f l i t ,/

JnnlananrH'arlhun 3 \iA*\, Ann r M»4 \ m*, fit,

that Unti* In^nw th«

for ^rmindi t l tictiun injury wih <*uu *4 t*» ih« r* »•

piratory trart,

Tin* lovvr^t rutuvntratintv* *?f M/OH** ifi 41* v»ln*h rnu

<»x«#rf adcfiintr ill •inf**<<tniK ;ui»m yS<'htil?/,( *f K» it J f t \ / /

7.\ IMIO; inu\ cirrhr»stu*:i s
M \ «« ii« J'ui 1 I1.* f< ir/ 7, »« ^ .

IHUUI app«'Hi*H tti hi* n$ tli«* n« i{»hhotirh»«#<rl of |n\Vf tuuin p* r

litre*. With Btich ronn ntriiliotin t̂«*ri!ii«;iii<ai «*JMJ t**i*iully l*«*

i»(Ti#rti*d in air, hut th«* |ir

l itn ĵ i»rmK'i«Ial y

lin CCH*,1* 113, 111, HU

iHi may hr» mlialrd without rl«*l«*ti*n<*tH iifrri * H nj»j?rM%$.

matt'ly Oi 1 to 0*1*2 mum, j#«*r lilr»*

Thc*y hiiiU* that li**tifln*inl rrMilu tihliiiit l»y thf inli.il'itiffn

of (mnwmtl air of UiiHrqnr^tilti&tiMfi, 14 ninrk«**l iii«ir^fi^^ 111 tli*"

oxyhiHuoglohm runtn^t of tin* h!n«nl ittktnp pUrt* titu-r tin

intiTval of from ti*n to fiftrt*n tiiinuti^.

It in thi*r«ft#rr* f!vii|i*nt that th*w 1** nr$ »jtir^ip#n of

j^rtiiiddal activity in oznmnwl mr of r*mvi*nltn.Uonk* mntnhh*

fur rf*Hpiration. AH a i*n\t'rin\ uxuUiif it
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Mini! f m<vs nf hydrogen sulphide* and other hnpxirities in air,

uhil t thi« unplra-ant HHU*HS associated with crowdod places

iir«* ;unMul»l«' Xn treatment with oxidising agents such as

t)/nn*\ It i* ium«'\vlut remarkable that mont odoriferoua mib-

•»t;mn 4 mutant unsalurattd valencies and an Huch would

13 il unilh !>*' uttm* ked hy means of ozone. TIUJ odour o£ ozone

in it i If wh< u u r v tiilitt«* is by no rneann unploanant and thus

jmi\ifi«s ;i ruiustn- irritant to flu*, olfactory organs, a matter

uf JIHVI'IIMIO'UMI uup)rt9*!t<*ti if of no physiological significance.
frh»' u 'M»{ ri/,un»» 4*vrn in diltttionn of O'll to 0*12 ingrn.

jii r litjv h?iv fr«'^u*'rjily l»t'i*n rond«min<»tl on account of its

aijipn^il j*hy »i«ilu^iral urtivily, tti many casctn crronoounly,

mrt t nil!* IIP u<u;i! |irrraut!(>nH HU<*h itH drying tho air and

lh«* *n<*i«Un«*'* of {tirkin;' ;^«* t;tk«*n in tho prcjparation of the

M/UIU f rl ;ur, u%i4t H of rutru^i*n nr« liable t<̂  ho formed which

l$^\r mi < \iri-jii* ly hi^h j»hy illogical activity even in extreme

4ilulsMii,, Srhwnrg urui Munfhm<4yiir ("Zoit, I. Jnfekt.

Kitiiikh/ 7S, M* i*U4) mv(*htigaU;cl in groat detail the de-

u<htn mi* .i*'t;«»ti f»f mnail rofiri'ntratiostH of ozone in air ; they

nitHt r%* 4 thut livdru^fii Hulpltidf wan rapidly oxidised, sulphur

iliu;%i4* ^ *wl\ «'*ii$v«-itr<! t«i Hitlphttric anhydride, whilst the

in*'i*'ipuif-, tj^ttul, ;ui*i tmlul \v«in' nxulined to somewhat

r.irl'«»ti inojurwl** w«b but nlovvly oxidiwd whilst ammonia

wi^ n^i ^H*«ti«l i'Viirtklm ("IV. hit. tlcmgnmH cm Hchool

Hv^irii*'," lUlsi and Hii-^'fifolil and Kgidius (" fAt\\t. Anorg.

r h o n ," Us, 217» I'll >l mnUtuivA ihrsu olmervors' resultB on

tin' »*'tjf»n uf t*/<#n«* ufi tty<)r(ijj(*ti wilphidi*. This reaction

Hiif »ti]<!if'ii JIJI flrlail hy lin H**nf«?iii, mid it wan found that

iy*id4t!«m Uki-H pltt«f fhrf>ttii{h n WTUJH of intermodiato com-

i*# this following ncliiiino; —



, h\p<» nlphnf*. *ilj lilt**

Although Hit* *'<4rmufuirU J M ' U U H <»f

H-)i vxvil tut m\i\ru*u *< tj<»n <*?* \

rully in «»li;jiM« , y« ' n l i p b» <

r l a i v y t y *n\ nn*l > ul*j* * ** 'I l<* tl« nlu $» \i<»l«l

radiation in thi «»/f»U!srrj^|ipHiirftJl> t« nS*% in4 n < t̂»*«* «pi* n!

itupro\«'njf*nt in Oif la^f*Tnl jmlliifj^n <*f iii uir< h )< i> h« < n

a(]tni\t'd with tin** jnirrr air u ^ i i i tur^lh < \p<«?«<l 11 4 in

fact r^itaiiidi, Tli** Ifir^i^t •>4<ii4 *4 mr jitiiiliuiii' n h\

tuuan^ of n&iiif* in that of th** C*rtitrn! t#«>ti*l̂ i! Jiiilnjiv \%)ti^h

in <*qtjip|M*di with mr wti ' f i is vi;i\l«ir\ (IIKI M/«*tin**r» <«f ih**

()/«r>natr tvpi*. l*hi* lotnl air uj«ply Ir* 4l*4 f^r thin *»\*»i* m

buin^ nf the* onlt-r f»f »i;»hty inilfpm I*MI»I*" f«̂ »-i jv r Hay 11***

avi*ra^M*onc**ntrAtion ufo/oitK 111 tin T«th»- nu 1̂  **f UM* rudir

of fines part in two uiilli^rtM (1 *I mum |^*r * u ln m* if \vJIM h,

un«l**r HjHTial cirrumMffttirrn, $t *M ntut« 4 thm it IA iurr* t#*4 t<i

live* pitrin jM*r intHvm H2 $n^n» jn r riilij^ in» 11* i

Tbn in^tat!ntt<«n on iti#* d titrnt Lrttnl<m l i f i lw ty

in opi*ratttin Unit tin t,\Hfcrii» «if %vfiiilat$«ifi |i«i*

1 vrry trtlirr Lurnlciii Ttilw ,

Suryirat and Thrrti$nutw £/#*•*

Daring the jn*riiKl uf the w*r Mtiull

have* bc*i*n in UMS m nmny nf the military bcMpitnlit *#f tti«*

for thi* tn*»tmont of wcium)*. M«jor Kfok^t uf ttm
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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 serum at a still later stage becomes coloured reddish or

purplish. I t 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 oxyhsemoglobin. A record of seventy-

nine cases so 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.

Curie (" 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 (" Lancet," Nov., 1913) records the improvement

obtained by washing out the intestinal canal with ozonised

water. The treatment of ulcers and pyorrhoea 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



h y d r o c a r b o n s a m i w o u l d n , t t u i illv r n < th< fi4« n< 1111*11! ,1

e\i< nt of lh» nlulul.t \ i*\ n/un* as % * MI* f *• it 1 MI 3 *,

or huw lonj^ fIn tul»!in«» j»t un jmv/« nn u 1 In n dn«

to dissoh* d <»/»»IH I»I lu til* j»r* « !J» »f »«» il 1 l»

As hsu ah 1 ,i*iy l*« !ifu»iHn»iM 1 ih« * ti u* 1 a mi » 4

air in tiiiitilntifi^* tli« |»r»»tJu« t« »n f , \ l<n* ! JI I 1 I <« n

hllt'tM ^ fill!) lit ll) id fnl !li« In illi * 'it t i « t * f UU3W i,

w h i l s t I I H H | * | t l i f i t i o n s n « * « * %%lt* r* f } r* j J -*1 m < *»t

a b B o t b u l in flu* ) t» m . M< h 1 in * f L m i <i li* i r i

b, J^ n u t w i l h u t i t \nm fit

\hni/t<in V' C U , "7S , WJ, I M J i » « l l . » l i t i f i t Mi*,

hri\v# rl Ihil tjilut* K/M«» •< »l in J> « • I 11$

common with « hloimi* ?i?i4 l«i>fmni< ih« J»I<»JI* i i \ * J v,, 3, t ia» }|

nin^ tltr I'ulniimt;; mutiir^ pr* iiit in \ tn<*m 1, itJititl

O/*<HH* IJ»J*< HI»* t*> If* • %* n m^r* 1 ffi« a< i »«+ fh in

fitht r chloum or liro?iun«% *tm** um ^nl\ t lh* <! tn *« r of

forming rnlonr<?I hiih*Hitit?^(i diioi t tn hi iw* *l* m iii%« «4

avoid* il,but tlirrAjdi^m^ pi%virr4 *I/*IIH J»?I i lh •*<««<!* l in t

of rhkiniti* or \m*nwu\ Fur tin** r* 1***̂*11 r#rih ^«n 4iini^

conri»nfr«iiti(iiiHof d/om may \n* niih^ 4 (or I^Un^hm/ |*iirf»**x*»*

ami many unMucTi HHful r̂ HiiUH nr«̂  4ir«f fH »tiiiimUl?l« to ih**

t of mr n*lutivt*ly highly UA

Fibre*

I Anon and rntton grMnk nr#* nlowly nll»rkrd l»y c»/oti«*

(" Kolb. Hull Hoc, 1ml Mulboiinr;' 3H. f*IIt 1W}H»# m$4 untunl*

ing to WiU (" Bu l l Hue. Knui*n/V 11, lti^, !**»;*!, 111 tli«

prencn€C of moiHtun*, oxyc«llalu»e in furtite«l. 1 hn n
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wan ri'invfstiyatfd by Cunningham and Dor6o ("J .C.S. ,"

I.'U7. IDIiij employing high concentration** of ozonised

ft r-iO to *J5 mas. p< r cubic metre). They showed that

;%n nxjr* l ining unrl rcl!u]<Ht* peroxide accompanied by a do-

Miu«*ti«*n "f thr libn* \Vf*rr pnulucrd with the liberation of

carbon «1M,\I<1I'.

t ntil* ii'ht d h»nipic^ of cotton bouamu white in from one to

l\sa liMtir*-, hut vthn'ii flrii'd tin* film* wan found tc»ndcrod and

«bi»»ty. «f utt* fibn H \v$ n* hk<*wiM» rapidly bleached, but became

ni'iii and i«*n*lt«r wb^ii nubj« t«ti»d to a Bimilar treatment for a

frw botir*i* Thtt ivihtlnw p^ruxidc; aftV(̂ ted a photographic

pint**, un«I po tHfi^t^I uxxitMn^ propi»rtic« such an the liberation

of i*nlmr front potn^Kiititt irxiidn. In the prenonce of water

hylw,<* t\ p«ra%i4*- wa-* for»»f+fl. In ^cnoral the action of

n/,^ri*' fin rrJl«J«Mr vhihvly ri'Hiiiibk'H that of ammonium per-

»nlph«it«- (" I hv/. Chi'iii. J5«it / ' j t , KW, 1907; UJ. Prakt Chem.,"

y&, *IVI J*M)Hf( jiHfi with itiori«r1iiitt<tconctmtrfttions of ozonised

;t?r bl*%vbiiJM without ntjbM^jrifiit tendering might be ob-

Imin* *1.

Tlit* fipplu^ti'fii «*f o/onirti'd air to the conditioning of tex-

til*' «4-it*-ii IJH JH ntatid to In* fiitinOy nuccimnful; exceedingly

rom'«*rtXratfufiM of n2c<ttiHr<l air ariM^mployed, and under

]*' **«»ii«liti«iim of humidity tho p«rbd of conditioning

ri'<iucr«l from '«*¥i»rnl itiuntlm to a few

(hi*, Fait, ami

Thf application* of ih« usu of oxonit in tha oil, fat, and

wast ififlii^irim îrt* vrry f*m**iilf*rablf\ lha reagent being useful

for n gr^Ai flivt-rmly «rf purport*. Amongst the more im-

c#f ttit*«tf may to tjtwttioned : —
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m<mt of a h!t*achtng plant on the* Ozonair system. The

ti*mpi*ratun*ft at which wlfictivit oxidation of tho colouring

nmtt«*r or objrctioimbli* odoriferous substances in the oil, fat,

or wax rommfnci'H. ih<* concentration of ozone, and tho period

of action naturally vary with tho nature) of the substance

trratrrl ami thi* d^ynu* of refining required. Generally a fairly

dilute fonffiilMtioii of o/.om» ai not too elevated temperatures

|u^H«'ti through llm* material for a relatively long time gives

th** \tf-%i rt'hitltn. In certain CUHVH it in found advantageous

to n?t«! Himiil r|uantitu*H r>f catalytic materials, such as salts

of itmnwitn^*, vanadium,or cortum* to accal<irato the process

of oxici.itjon,

*l*ht* tt.ppht:ntion of ottoniHwi air to the bleaching and

d**odonHsition of rnh, fat*, and wajecs in wdl exemplified by

thf fuIlowinK list (H»*f |ij>. 102, lfi:$), in which a summary is

g»v««n nt thi* «*flftTvt of dilute oKonificd air on various com-

iiji*r^inl productn,

Apphrtttiutt to ihf Paint mui Varninh Industry.

\H hm »Ir*<mdy \m*n <ib«»rvi!d all tho industrial oilg and

waxvn rft'ttdtly itnth*r%o pariinl or complete doodori»ation by

fnM*tt«miil oxidfttioti of th* anloured chlorophyllic constituents

ntihfiiiift o^onim*d nir mi oxidming agant For the production

of rlt«*r «tnd irmiipAr^nt varnirfinH thin in & matter of some

rftl iiiifnrinii«% mrid ih^ UMO of oxono for this purpose has

It would npjif^r (hut thi* t»o of ozonised air as a substitute

for tttcculivo* im ihn prtpEration of drying oils k already

mil of HIP ftx|»t<rim«*ftUil ntftto* I t hat long teen known that

of oiN î * a proet i i of »low oxidation and poly-

L i p p r l , f i Ztit. Angaw.Chern./' it* 4X2,1806;
11
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h <•;* V« V* * UlfA«'hi i rnuly. At the name time
thfwxlfiiir i* much unproved, but the

< f liftJii* l̂ rittfir odour ntill remains.

st« in«4« i* < V» i Bliwhru cattily. At. the namo time
th« odmir tn much improved, but tho
i futi&cU riwtic, odour MUH i

I ii V* \» !UoM'hfM mmly. Odour in much im-

m 31 - ^ ^ *̂ s }*ih*m \w* fairly ufutily according to
4*iHb*I#* <*r quality, but roquiroH HubHo-
t\n* n% frtittm^nl for dnodorination
IMI I isitytfivetnenf <>{ flavour.

?<4 v u •*« jliitr* an* at IHI t fcwcmty woll-known
* '«tiji««*r<('jfj,! \urli*bUtM all of which
fir»• »t*»« flttfMrotit rhanu*t«(«riKUr*H, ami
r^tptutl fr» Utit troafcniitnt* in varying
tUttw. Huttw aw b\vn,v\u*&. ontiroly
t*v *tf*it*\ «>th*»fi only pttftially, HO

5 rc«l»iir I»J.* j*tiJiHi'*|u<*iit gun treatment
in thn tirfMniirv way, Contrary to
wlrni rrni<ht h<» fu*̂ um<!<tf the dark
%iiri»̂ i» t, *awU an •• C'uba" or ** Went
huhtiii/1 giv*» fcho biufc, wliorotiM t
$n(*#ir*r var**»Ui*« nuvy givo the bast

f *ry rwmtfa.

fJi« W«*« \nn% h nf!«rtod \ory readily
itft**r r«vm>v*l «»f aH ih« Ivm fatty

U 1 h i f l b l h
iwnd« v«ry much on t

y !b*( orlgtttat wax and the
*iU» which ti h«*be«n ontlnoiod.

' 11* m.i »H*"*«» <*»•<**»* if *I»***!<»f*'Mii*nti rt||jy i< dhttfrmt, thin can be ot>tained
*i#iii JAM 1*5 iM îi? ii 1^* rwmitiMnn *4 r^ttm and without any tub-

afw Intth required,

< « A i # i * n * l « < * I « < * * » . t i t " o r i e n t r * « i * * f ...._ ... „
y meamt of oxontMHt air,

f fuli@rfi
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\VVpT, •'(VIM U-v. Ffit If 11/ h id ." 4» -*1'!. 1 *'M; A

(ipnilu* ("Zt it, AHI**-M. Ch* in ," 19. '•£***' l 1 ^ 1 . %!* * »*«v f*

Kftt<*d th«* pw*'*h in *M nl. A huw«4 flu*? lh* »< t <•» w t * au?«»

cita!ytir in rhani*'t*T» nr thsit th*- rxu* of <ni4?it.^n <»f ih* «ol

aft**r a Unit* \vh* n iiqntinfifv i \\%\ ilr«*f*«lv l«* n ^\I<IIM 4 wa*,

w n h vninitj<»n » nf lm**»»l *̂?i **»*! * »it th »4

original!y pn*H»*Mf. Kuifh^r * uprnwnlH ? i*« *j< t J*ur»J«r

and WH»«/.lnr«. -l«fh«*iJi Z^it / ' 17, IVM J

thn fatiilylii: m^ilrrml nfilurnhv f««r#ii«-I

by air.
Thin tinfttnb!<* p^mxuh* rtmM li«* tnspp}« m* "ii* 4 • n» jiU

by other pttroxnl*** «rf

Uintn) an tho frxiK>Mtin* of

tht* a^ttntirm of nn rlbfr nir ttttxtur^ Tlr«** f»»T«»in»t«̂  mn*

(Itiftiroyitd by bailing lli»* <itl but cwi l*» f«*Ri-nt»r*l«̂ l by n̂ -rt*

tion, (Far n contiidl^nitnni of th»* fcowj*«*Hji$«i$$ r#f tin »M*

peroxid^i fanned in tho iJrying nf Imnwl **!i ****** O?l<*fl[ %" J»

Ktuw. PhyH. Ch^iti. H o c / 43,

Angcw, Chrm./' 3ju 7'JKI, l

rJ .dX, 1 1 9S# Hifi, VMM), nn«i iith

Thoiuiilttion &t*Ux&Uv***9 nuch

ssina9 fmqutmtly witli tho nJihtian cif u<rtma pinm

cobalt, vsnaditttDf cerium# Hud umnttim i* now

practice. The KSUII arr »ithrr thQH« of WMIC MU\* *uch

tho boratim, or of nolublcf organic nadi antl o!fi«truf

or n*fiinate» (mi* Ingktf M C H , tnd,/' 454, IHHj Tim
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liM' or a^hiit in the: formation of the auto-catalytic per-

l n stilt* nrr obtained with tlto use of ozonised

air, th«'ti)lHt*;ui l«% *#a»ily thickittusd and tho process conducted

at murh l<mcr tfiupcratuivH. Linked, Chinese wood, poppy

hi«i-d, n i p \ and Aiiiuiar oiln, rapidly thickttn at comparatively

low tfisi]it*r;itunas (upward >t t>i ;$5' (Jf)f and at the same time

fh<tr rnlfmr iHtnurh itnpruv«*d iiy niditctivo oxidation of the

f'Mlntirnl i*tin>t)tup!iK P#U'itchin^ tiHitally proeemds anterior

1<I ill** tlurk«*ntn^ prun-hH, conHciqiif'titly an improvmont in

ruhmr may !•*«• ohi-nimtJ without drying tho oil.

Liim*-rri th\ in»*y i^adily hi* ihickctun) to a ayrup or to a

jrllv for th<* ii^uinfiu'ttiri' of !inoli*um; ChinoHO wood oil

like WW r^jiully tiful>*r{;oi*H oxitlntinn, whilst poppy-need and

ntji*' tnh ihi«'kni !-*«»** r«whly thun tinHiserl oil. The utilisation

c4 n/nisi^f^I fisr m \hv tmnl'itmn of hngftod oils has naturally

h*rii t\u n«1»«l fi«*m tin- wttttpltt prf'tmritUon of drying oil to

llif ittytnu of fh«' oit in tin varimtH ti^hnical applications,

m hiH»l* tijti iimiinfrifiiir<% thtt preparation of waterproof

ih it' Mitif*. an*l «*th«*r ^irtiilar maitufacturnfi.

Hum* tn ih* Fin* (Ifamicnl ImluntrifH,

Thv utnltiivnn of #*ri4«mic? Httbutanctiii by mctann of ozone has

\mm tht* niilijwt of nmiiiintu* mv«»iitig»torii. Carbon monoxide

In ro'iirttiy c#xidli^'4 lo mrbon dioxide* in the prmmnm of moisture

i f iMMitmi / 'CMt. / ' i|«« 18*2, 1010), but only slowly when

th« «*^» ««• dry (Ibtm«itn9 ** lfer,f
M 8» 1414, 1875). Aide-

hydr« mm rfiidily o«idi«cd tn alcohols; iodobens^n© to iodoso

bfn/»*n«* wJiilfii tlit* H«iurAtofl hydroearbons themsalves are

ttttackrd At t*#w tompefAturii. Thwi, methane is
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i i k i ' - i p J . M s l l i r r u i r » hp^J *hh^ *\ <*)< »5 * l i I f i n * * * !

I H t h i n « # \ I « J 3 M 1 r i i | * i 4 n t<* tl»» i n r* n t« !« »!*!• la%»J-

a r i i l S i i hw i j i i » n t l \ I*»v\ n ^ h f i u i * i l l * * * I j ^ r i * 1

n i l
< \ { l H , *i* ( i t OU . . ( M l ! * M«*H

nl!
H . i ( i d

n i l , i MUJJ
o i l

H a r r i s ( " A m i / 1 J74» 2*<>\ l*U'»i », |»* tf* t l ^ i i »v **»!?< I I

h thiMii^Ii t i l* nit* t in* «l$i$i» {< rut!$!<«<> ' f UJJHI I J J I

P * * . « * » . ' , ( c H n i l -r c r | | n n ».**! i* • Uwnsh

nzfiur »» fj i i4in f; t i i i i in fijijin* t t i^n* i i m HI4J^I3I / «»>•« lit

in th«* firn* t*hr»ititrnl nivlfi^iri*>«, I t

I'trtphnt'tl for thr { m ^ r n f i o r i *4 %»̂«-? ] (

such im ih<« in* lhyl »*tli*r n( jnr*^ a^«Iiitl l» Ii*4* u r t n ^ «tu,

pi]$r*roiiiil (lH'l»ofr<ijKM» atitl IIIH*« » M « I I \ I I * , 11*** it?

of VjMitllm b̂ UJH lirroiupii^lif^i «#n i %$ t\ h%r>*< M ml*- in

Atstf*rit'Ht and in linn rmirttr\

Vanill in iMprfpurrfl fi*ni* v%wn<i\ A**ut*Uim t »lln f il

ing Hfhi'iii^

i

on
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thi» i*oi n«/< nnl b**injj oMtlitid by ozone to vanillin and

an ialili*hvl«* i*y iuj*htr« of tin* <loithl<» bond.

A*v< i«I;i» : ?*> 'frill it th»* prongs is conducted an follows:

Kii;r« n»*l ii t'«u»v< ri«'«i jtit'i moHi^mol by treatment with

t"in4ir j»tt'i h ;iml ntnyl alcohol, from which nolution it is

lib* rat«**l bv *»ilj»bunr anil,

Wnint kA!t htii of i »« »»;iiMi! nn» tliHttolwul \n ac(*tie acid

un4 »ubjtrt«<i tri ii rtirn-nt of o/,oni*ift(l air (*2 to iif5 ^mn.

prr rul»jf mi trr^fur n piTiail of nix bourn ?i»i a low temporaturo

(CH ;f C^ in an «tt;i!ii4*l-)m<'«l vt̂ Mfl fitted with a tall recti-

firi!)«»n rahiinin Wlii-it ih** o\idatii>n to the aldohydo is

v»n\\*\< U'tt ib» M * U** <i**u\ H n-moviNl by (iinUItation, etho.r and

<»«hum \n »niph«it» ur» a«l»l» «1 utiti tht* n«4ution warmed to30"C.

U P b$^t»ljil^il^ 4l«M*v»l«! r«»ii$|»if»uii«l in w&nhctfl with other

ti« i MW|I ** «l %*»ii}i • iljibttrir anil, aitrl the* vunillin finally ex-

ttsirt«<i i\ilb ftJi« I"

I i i 4 n i i J u r n i . i n i i * r b* I m t r o p i t i m ptvpitml f r o m nafrol

si*.-* i#i«iii^f Jifi lb* '

I I m fit. <H en.cif,

-o -A(I \/ Ii \ov
Hi*- %AU*A ^ * '*n*' rl*'«l i n t o womif ro! b y h e a t i n g w i t h a n

ii^li* ^r i j t i i ion r»( mt i^ l i r* p*4n**fi, ffntii w h i c h i t i# s t i b i e -

^ t f« r t4< l h\ i?#^!iti4 iff i*ih^r, F o r t r e a t m e n t w i t h

i n ih«' r t u r ' «4 t<«<i«*ti^miU *t i* Ainmfomb in a e e t i c

muh f r ^ i u w l i i r i t t in? b«Tl$i#lro{iii$ i i ncuvureA in l i ba m a n n e r *



JliH

ltlrhydt* can \H> prt*jaivd in & 'iintUr nmtsa* r I v lli«»
oxidation of aurtho!

( i l C1I.CH, I H HI r i l < ll«>

.. }

Attt nipi
oxidation uf atiilim* to niiiJm"* l»Li«*k
variouHdyc-'H, «»ch an iiicligw, to Hi*-* ro
not appf*ar to |
tion.

For muklytiml p«rp<«wM in
atti$ntiortv Him̂ *liy lh«* |*r«-j*ArAii<iu <4 **̂ IIII4< ** >iti4 ll#* ?r

compouncln containing rthylftir linkup* }in% !«"< n •'!»<*
Thr invr̂ tigaticiiH of iforu«« f' Hrr / 37,

ia thi* j

rnpturnl at this doublo bund *tid tmttpfiM mUt nUU Iiy4nt
and ktttctnp*.

In the abNunat «rf wnf^r, Jiiiw^vi?^ A d i n r i n«Jd?iiyin *A
tmmu In Ititi dnubli! IKIIHI cK*ctir« with th*w f«#i$iifttit*n uf
ossumdem-—

1 i
o o

which on the Hubneqttrat ftilflitinn of wmtor wndngo

panition to kfetontt* and hydfngeti
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• II <> -• -f o i o (!< ,j. xra(v
n O

Tin- M/t(fin>!« * rir«* r *I*»ur!*-»t, viwni, oily HttlmtanwH, highly

In t*'imi«Mu v,ifh «I/»MH^ i h r j alfrrl a phoir^ratphic piato,

- rli«fi«4ioluiiiijii»'*iri'iir#* (iroflitmi on (txtdd-

\\ n < f « IT *!*»r i****tt* r by m*':u*« **f i^uni* IHI r pp. 8, ir>9),

h« lv« •*, iikm «<* tSi** i*«r**MJvt irt d^'fiafrU b^havtcntr in that

ih*) 1M 4< !i stitjj/**, Lli*i il«* i trim*- fn»iti putHHtttttt! iiulidt* iuid

r«*tt"t w*f!i |*«t4s .mil p ri!}dr«,;fiu it**

mi* *hy I * n%**ni\ fiutu vrhirh $1

|,H*!nijt^iti) nil *rjfh'*u<* pr^«ttif i It i^plu

Tl̂ i*!ii*% " M**r/ 4v» i \ H, KKHJ|# *>r wln*it In atiul with

/ofiitit* In rhluruform

U» tnnn

I t) fun*))**** o( f i ^ jiM44u*i<» «»f tkr«mip«iHiltmt ibii pomtion

it#k»it**|W ^ r | r 4 l ' | f l WASI **»tnW

If »lr^tig r4iiir^iiir#lHJn# til «i^iit# l« fttiployrNl for th«

t l a t
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t\u- samr tutu* fll.irrn s " U< t .' f.t* -' «*». I'H *- r f ' / . i*+

( I ; CH.-C"!! .« H . t ' l l , ,; j< U, < II M l i H . ,

«»

;) ( I I VH i II «%ll.

and n ilimfrir riso/.unnic •

(l> (Ml, f l l . t ' l l . t II.

to 1«* |irt4H*»iil l>y y p

air or uxygi*n huH, how**vi*r, nt>t ti4«fn ronrtrtm*4 (H*^ p l ^ i j

ttnil ««»iit* ulhnr «itrttetiir*t frirtimln fininl4 ctifi^^jn* ntly. In*

atloptec) fi*r lh« oxo/ifiitHlvJi.

The1 u/.oit!HAtion «if rtiblirr wan lin*t ^li#*injil**4 qnnunv^n-

fully by Wright in Ml? (•• Hull Hm Vhmn ;4 tH# I *«. !H«7) 4

fiiicl wii$ sitb«ncjw«iitly iri¥tfiliniiM in ^rcAi fli-Uii by If^nrie*

and bin co*work0nt9 I#atigbt44 and Il4i?ffm?rft its flit* hop** «$f

eht^idaiing thci cr>mpi^x itrnetiiri^ of th« imprvM* \**\yu%rr.

Ihtrrum C1* Bi*r,/f J7# *2?0Hf KNI4) «^nin«*it nibb*»r by

following pracodnre: Owni id l air, WMhod with
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*ui<! nlj ibun*' *%rA iu lit IUHV<'tht* o x o z o n o , c o n t a i n i n g from

*• i<* Lf j» i • < n* "f *</. »n», h j»as»i*il fur Urn bourn into a 1 per

t * nt ». n *»i n i j M i u i ' » i rubbi-r HI clilr>rdform. T h e e n d of

i h r i. .Mi. 4i i * ;i*r* riuntrtl by th«* (lucrilc»ri«atioii of bromine .

'\'h** <*.\ nn*\*< } * <*}*! imt*il by r v a p o r a t i o n at 2(T (5. in v a c u o ,

» ,iii * j«i« n t ! . r* ju< rijij!:it»n^ frnin <*thy! an'tati* by petro leum

• ih« r 554 !h«- f *UM s 4 'i ihi^k «»$! m»iidi(yin^ t o a vitruouH maBH.

U^l i i^t M'M3U<I«* J* ti*4nl#l«* tit **thy! ani'tutc1, lumzcno and

4lr-<«hi»l » * »jJo«iv« H U 4 i$k«- u/,fifn« if lictn o n a p h o t o g r a p h i c

i\tj{n iu»iti|KMition (J 49 per emit,

wi»t|{ht about 525, corre-

i 11*

i ^t # i p« r r* n l , Ifj, <V7u ptirc<*!it.t m . w . i 4 4 6 4 ) .

i / If i n it- / «-tiri**'iiiml fMittjitla for iHoprttuo rubber—

j r i i . c : f j i , n i t en \

h i e c i t , c i f , ( r . r i i j .

t n , i f

/ )
ci

!t i#! ')r<r *»t>i{«»r«* <K*cinitK»»ttioit on boiling with

nl<1**l$yJ«t nn«i Ittvttlintc ulclahyda

by il$*t fo
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Congo mtm; h « o h u i t i d l t h * f o i l o w t a g iiifmti tM!nt*n for

d e c o m p o s i t i o n pruducta :—

I t e m © * # * ^ . » , . , , fttf
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Paulsen ( " L e Caoutchouc et la Guttapercha," 7, 4177, 1913)

has shown that the ozonides of various resins, such as sandarac

and dammar, are precipitated by carbon tetrachloride, a

property which Dubosc and Luttringer (" Rubber, I ts 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 cycio octadiene. I t 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 Willstatter, and on

ozonisation and hydrolysis this yields succinic dialdehyde,

whilst on polymerisation it yields a product very similar to

natural rubber—

CH—CH2—CH2—CH O i 2 . CHO . O H , . CH2CHO

L

[OH—CH2—CH2—CHJ t t

On this evidence, supported by his previous work on the

nitrosites and tetrabromidc 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

as an open-chain polymer:—
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a p a r t from the fact that no process of industrial ageing on

" these lines appears to be in actual operation, ageing is prob-

a/bly not entirely a process of oxidation but results from a

g r e a t number of chemical reactions produced from enzyme

a c t i v i t y taking place but slowly in the wine. Probably not

t t i e least important are the proteoclastic ferments effecting

t i i e gradual hydrolysis of the small quantities of protein sub-

s t a n c e s present in the liquid.

A useful field for the application of ozonised air is to be

f o u n d in the preservation of food, especially in connection

w i t h refrigeration.

For the prolonged storage of fresh meat it is necessary to

m a i n t a i n it at a low temperature, in order to lower the rate

o f hydrolysis both proteoclastic and lipoclastic produced in

t h e meat by the naturally occurring enzyme. At normal

t e m p e r a t u r e s meat can only be preserved for a few days

w i t h o u t its quality being seriously affected by such changes

o c c u r r i n g . During storage and transit not only are the sub-

s t a n c e s subjected to internal attack by the natural enzymes

b u t frequently external sources of contamination are to be

f o u n d , especially flies and air-borne micro-organisms.

Thus maintaining perishable foodstuffs at a low tempera-

t u r e and in a sterile atmosphere ideal conditions for preserva-

t i o n obtain. Several large refrigerating warehouses and ship

J t io lds have been equipped with ozonisers on the air-circulating

s y s t e m s .

W e have already alluded to the enhanced efficiency of

o z o n i s e r s at low temperatures, hence the conjunction of an

ozson i se r in a refrigerating system is a particularly economical

I n s t a l l a t i o n .
12
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hi*\t*ui us, hy«Jr »;*MI |>»mttdr is formed under these condi-

g n ' l.<r .' \ ., ,M, I H7, I!K)1) -

%mf »:»!i t i /h i J / h i |*HH itny r*»nult, duo to interaction of

Oj. r» i l t u * i*i tilv w Mtii'wh it hi^lu*r thuri thono determined

I 4 |<h* » * i »'4« *h 1 *, wiuclt wf will nhortiy refer to. Tiadon-

Kir / c" I*»f. . 1 ^ i n . Hlorit ubtatnacl excellent resiilts by

j** r! î»4#siw » !}.** < ̂ >ir?niisirffi in th«4 rr*vem« mannar, vix, passing

• / #»«- tht* "s/!i Hlvirt<l.irtliH«'i) Mitfjufit hydrogen sulphite and

t i t } , i t r i h t i / %%i!t$ *itfiudliir4 tiitlim* NMiution,

IU/NM r J i ' s , ' ^ JOfci, HUM) Hh«>wi»d that the acid

$'rfli<l< m< l}^ 4 )n%irt4My j<avr high n*ttiUnt nmitral Molutions

)i^jl$!ir^ m<*r̂  qM<tir«tt» #h*irnfiiiintionu. He found that

*»<tiir.ftt pK*t»r.^tim hronii«Ji* fftilnibnti gavi* diKcordant results.

I1^VI/«'«MU in^4ifir**iwii irf ilic? tudiiit! method is extremely

titviwifr \ r<-n«ul<*r«tir*i* nf ihr i*quat!OD (1) will indicate

thM f<«r * v* rv r^jfnt«l«tiii iif n/rf4ir two «ifiuivalciati of alkali

ht*- 1 l^r«k*4»a«4 c*"f>wr|tit<fjtly th« nieriNiiMi in alkalinity of

th r fe«!titi^fi i»it«^ « m««#urr of ih« aiii0iintof osscne. A vary

<li!ni* nnlphwr nr$t| f^iliili^n irf pritmHiiim iodide is usually

* is»|*l •>«-!. f«Jlow«nl nff*^ 4hwirpifi>n of th# o^one by bMk

t?tr<ii><»fi * i lh »f4ti<l*r4 n)k*lif «iing litmus or congo-rad as

iodi»« can b® litermiued in the

niefttt* <rf •odittro thiowilphate, thus ginng

rh«rk »*n Ih** fanner figure
K If Iii*^fiWil *tt«l V Itefiahir r « « i t Anorg. Cbem.,M

tbe «flt«t of tb# tddition of mi
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». * n , i 311,0 * tt.

* 5 5* ' ^ - n *f { Ui»nm an»emt<* in prepared by the

"^ ' u %* *• HI iwUttiimt bicarbonate, and after

** *f *' * 4 ^ ! l ^ ! s ' rl '*> j f | M f | K'dmf'fiolution, using starch

» r 3 «* r

H < .' «* ' I tur JH in* f * it ft lilivr absorption of tho O7,a

J^ ** « i "» "*1M 2<»«||1« MI iArH<*fuuuH iM'id HolutionH (I wash

I •** - * »•* 5* !•• J' i i i ' rt'*w ration up ID 10 litroH per hour);

1 3 3 r ** A i !»*•«» ii ;»r<nl«r mttutmr inunt Im employed.

1 * * < * I*r */ JTK / ' |* fi:ici) nlat^H that five 1-litre wash

J *i"< »f< %nqt\ *4j* s * VIM bin H jvr hour.
f^ *- * *' << «i **#<»«** .it<* iHsuilly rx;prc*HH(»1 in grammes

i t * .«. n^ ir* < i in li will bt* rioted that in tho case of

iit * 1,4 u- i< *«i if *'ij*ti >it iiii* njtiiVfilrnit volume of oxygon

*«» n * r« i^ftP-1 i^ ili« $*JW# î« H th« cam* in absorption by

IM« tfi * * i f»<4 t*i*»j'iin I*4P1* , mul rmM«**|titirntly in this oana the

/11 *ij«f t * q 4iiir«*$*itPifi $ti vihittif wh«*n pausing through the

«tl< T} * i Ui< * *>n< Hioii4 liMW V̂f»r, in but a small one (4"8

f*M4* f*. }** t * 1*1*4 HI* ir*- w«iuUt givt* a diminution of bufc

* l u t s l ' f* Jl T i*4« $?W, HM7) »ugg«»ts the use of

til|iltat«- milutinn* ulightly acidified

«i»lf»tntrs«* nrwl, *«* »ti4**rtif*rit; bm*k liiration ii aecom-

|4^l#< 4 uritb p4«Mmfti prtimttganttn. It in itated that fch©

%-*aiti^« i* <th«ff^rf^>l i*y sir at tlitu concontration.

.# /*Av«»* *i? \t*tk*«h • cnuiban tiiadt* unii of a barograph

J .f < 14 HM **f » «- iiUuu^iH rtvord uf the density of a stream
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i l ^ r f * r th»* * ! m n t i < i f i *4 *»/^*J< t $M 4

of v**intn* w l r h «v >n« tm-l* r r fi f* wh«

H\h*\ tit «t J U * » j ^ l i » r i * j * r< ** u i * n i l i f * / J V < n

th i ^/<*ni * 4 <n)y**n 1 h* *l* U* i\\ttu*l

t\m **ri4u«»t< 4 I P ^ k i i iuin* r « 4 in i $i*«:< n\ 1 i^ii, i n 4

t!«il C ' , ) h»^ l ^ t ' i i font 4 !^i In* i \tA i i ,* «ii t i n ^ j , r

Oitu furflp r 4" vi*»«'4 mt **pih %\ tu* tl**«4 Itn^r*) ^ri flu- j«i3n« ipl*

nf ilsr* I it jfmitrl^r. tt torn* *̂ ni!y «j*j?li**d J*y I#ovj}4<>i«<iiM4)fin^

I'tuujmriHun iiitJi it

nir *ir *»iyi***n *m4< r ftijih4.i.i4 « *ii*Iili*n^ *4 t* mj** r*i

t u n art4 }n»***iar**

*4 fhr tn«*iiiiir* i i i rnl **t «*/*-*«o miKoftit%f join* l»v

m rtf i i l ! J | l ^ l T l l

lum of tiiim-¥ici!i4 l i^hl bv ***<*<**• i«* f<n4fi4 $$i

'200 to 300 iAp, i*«jitTi«,liy si »̂ ** *i'$\ fgji Aw

lnw th« a1w*f|H^H1 rti^{||rif»iii fiifiy tw rxf»r**«M*t ill lit** fulf i l

I - I r ** <»r I^K I ~ lug I, ^ wh«<t« I. it Ih** H$UJ*1 m i n i

Hity trf tin* u l t u v i o M light, I ibf» iiil*-n#il? ntut il*»*f*

ium by n Uyrr of o /
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K tin* i lnorptiou coefficient for

in a tube of con-

m proportional to t h e

••• * * ' ** . •„*<!* iiv nf thiM.ti«T«i»nt uitnv-violet l ight ,

«J« • tst.i «i\ t^« «• *4 i jKiffi^mift (>hoto-olcctric call.

*•* * « ' ' > •• i *<th *l»"f I ^ V M I M I HtmtyHiH Imvo, however ,

*• • -.« s i< t * » i|ipL< i i i^ i i , r«»linttf'i4 h a v i n g usually heen

I * * I 1 -* »4# i *«̂  *% *« '*f i h r uirlii|f» vo lumetr ic m e t h o d ,

I And othor oxidis ing

^i l j tm by T o m m a s i , as

r M »**»**«* o/^n» unij chlorine or nitroug acid

% 4 J. fiii*l *M*hn» in tif pitiMmum f^rrocyanide,

t I *w'j/ }' *m r̂ 4<'l#*nnmi*4 by thci eonvermon

I ' u n «*nfl- tibrU'A, Amilhttr yorlion of the

m*«* I *»v« r h**i |iUtittkttti h\wskt or through a hot

ng *H*ng*nr*** *hmufa$ whun thn ossona is de-

i^ t i ^ tmm l«*rr****jrmu»l«9 conv^rnion is than de-

4 ivm U»«» ilif^r»*inv in ihi> two eitimates tho

f . * ' I t i * (*•<• *4Mf! i»T il«*trniltl1«M)»

oaeotie and t h e o x i d m o f

b f p i»»ing th© gases

i? i * " . %i»*'ti i k i ^wim til n t t r ^ n arts iolirlified and

If * I«KI »fi<t H . r / l c M " Il«r / # 4i» S578 , » W ) cito an in -

ut«*uw n^ihml int i h r * n i l y » m of umatl quant i t ies of

t*4« %h%tt**< n ! i , f h , i i w « « M i p p w f wnttW ^ i a be appl icable t o

% «%I , | I ^J #i f^f«iirwry t#titptmtM«i to formaldehyde



I S u * M' 3

C\\i i t ' n ] ( t l i n i I f n

It l inn lit r i i ti '<»» t < < H l m l f l u iu<?h i f - 1

A n

t o

i n u a t i r

H I * \t

I M i H i in j< t i n t **f o / i j j r r* i i S3» ' ! r ^n» it • i <^ %t*Mii < !

t," X u . M l t l , J f # | * I f n <

JI Unttv 4 l*v * j»lt* »^iu i

*rjt» w i i i f * Mtit u i i *^* th«

f ^ n i M tli«* «•!«< t f « h

st tit** { t lat l f lMl i i !<-»! ît$*1 thr» r(*)4j»«r Ui?**
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METHODS OF DETECTION AND ANALYSIS 189

Since 96,540 coulombs are associated with 1 gm. equivalent

or 8 gms. of ozone, assuming the electrode reaction—

60 © O3 = 30",

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 ozone in 10,000,000 of water would

correspond to a passage of 10~4 mgm. of ozone through the

cell per second, equivalent to a possible current of 12 x 10"*4

amperes. I t 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.

I n 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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