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Introduction

Gh@misﬁs nave knawa sxnce 1368 that azane‘cantaining

0xXygen reaets witn saveral af tba alkali'aﬁa alkaline @arth
:metal hyﬂroxiaes to:ﬂmmnhighly enlorﬂa sub tancea which
’are reaﬁily aeaomposed with the llberabion “
1oxygen upan adaitian of water or aczd.yfaﬁf\f ”
past half century several experimantera t‘ve'com@yé& to
the acientific world the rmaults of ‘the ,ﬁvéétiéatione on
this bafﬁling laboratary curiaaity, eao 1iving an interpra«
;tation of the observaticus, but nane pra ;ﬁiag cunclusive

proof as ta the exact natura of the pheuamana.‘

ene ef the first postulatas amnaern‘~g’bha i&auti%y

of these calored, exygenalibarating com@:unda, and tha 0na
“which has been accepted by saveral autnors, stabes that
vtnese 80*6&11@& alkali "ozonates" are identiaal with the
‘alkali superoxxﬁes. ,Anathar explanatinn proposad hhat the
oxygen 1s bound to the hydroxide by maana ef 8 aeordinata
bond to form an addxtion oom@&und, munh in nhe ‘same manner
as in the hydration of molecules.. A more recent proposal,
sugpertea by sevaral diffarenﬁ emperimantal data, attributea}
the observed phenomena t0 the fonmatian af‘a.new, higher axiée'
1n which each axygen atom has an effective oxidatian state of - ”
~1/3.‘

The difficulties enceﬁniered’in the”iﬁveatigaﬁién of
these substanoes are many, but tne ane cutstanﬂing obstacle

whioh has proved insurmauntable ta previous investigators iah
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’]the prublam of abtaining tha "oz&nates" in a reasonably
,purified ferm. The raactiaa hetween azane and solid
,alkali me%al hydroxiaes ia a sarmc& phermmencn, sa tsha*b
,a quantitative reaction ia quite impsasibleﬁ;
the 1 V,ifiity af tﬁe "ozonates" with'r
s an&. theix' inaalubility in all af ‘the oom

Fuvﬁhermara,

;brgania solvents
 has raaﬁered the purificatxan by anlvea Lraetian znaahiav~
‘able. Recently, s&me auncess haa bean?achieveﬁ in extraating
the "ozonatea” with liquid ammsnia.

I;me partly ta thia failum m gurﬁ.f;_'tmm, aud Partly

’fta their ayparent lack af utility, the

zonatea" have remained
'little more than 1abaratory curinsibiea ﬁfrgceat,searcp for
\;oxygen~liberating aomgsnnds has xevived ﬁéﬁééﬁ“in tham;
, however, and tﬁia atuéy was ariglually ertakan in crﬁer to

tAlanaugn their

'dsterm&na their utility as auah eompaun
'.uaefulnaas has praved questicnable, tni ud& was aantinue&
in an abtampt te thraw more 1ight bn an intrigning 9rab1em.
Tha pnrpoae af tnis study was esaentially threa~fald.: Firat,'
all previoua wnrk an tne aubjecﬁ was tafbe repeated, insafar
~1aa waa passibla, an& tne existing infanmatian oritiaally
;Jevaluatad.l Saeanﬂ, furﬁner experimentatian ﬁesigned ta pro-~f
 duoe éata éf signifieaace ta tha problem was %o be amnducteﬁ. 
'@nira, theae data were to be evaluated and utilized in deter-

'minxng the ﬂaﬁure of these alkali metal “azonatea"



‘Historical Review

“L*ozone aonne avec la potasse sech'“du peroxiae
de potassxum 3aunebraun que se ﬁetruit'trea;vita in
ﬂdehora du cantaet de l'ozane.#%

This aéntenae taken frcm,Wurtz’a 3ie®ioanahe de ‘

Chimie ] g et aggliguea in 1868 was ap_ ently the first

fpublishad information n the alkali met zenates"
‘Thig infenmatian was written wzthout fu Qreferenca,
‘80 that the creﬁit fcr the ariginal disi,irgy magt
remain temgcrarily unawardea.,

Baeyar an&‘Villlger in 1962 publi*“
report of a phenamenon obaerved during

They faund that ﬁry

,of organi” azmniﬁes..

colored substanca, the color disappeare> ‘ﬁ?a;Strbﬁg;v
evalutian of gas toak place.‘ The eclor\w s-

falso when tha sauree of azone waa remaV" ffutrangely

.enough, the ozone~treated petasaium hy&{ xide apyeared toﬁ

diaplay na axiaizing action, but whan i% waékdissolved

(with evalution of exygen) in‘water andffhe SOIHtiOﬁ 991" 1

"mitted to stand for a'while, the solutian was reportea tc,f:

oontain hydrogen peroxiﬁe._ Furtner lnvestigation showed

that the arange coler could be groduced by paasing nzonated

faunaité fa&aﬁ

3
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‘axygen iato a. aold solutlcn of AG% potassmum hydraxx&e.‘ In'
ﬁthis casa, nawever, the calar &iaappaared when the coaling

jhath was remnved, thus indieatin@ thatﬁth"’subatanee could

ﬁﬁﬂt exiat in aquenus salutian at ardinar ,empexatures. Thesa

;qualitative abserVations were repeateﬁ‘i ihe caae of rnbidium
:hyaraxiﬁe auﬁ soﬁium izxyd::'w:.*xi»:iea,F the latt ea&me celaraé
fonly a. feeble yeilow in the yresenea of:%he ozana~cantaining
foxygen.g

b Alﬁhougn ne qaantitaﬁiVe detarmdnat ans were ma&e,«
 Baeyer and Villigar asaumed this ar&nge éﬁance na be

“identioal with the Kgﬁh whieh had bee 'orte& by Erﬂman

Oy + H0 = H0,

anis "ozonia aeid“ oauld then reast with pctassium nyﬁrexide

in a typieal aaiﬁ-base neuhralizatian reaatian to give the aalt,
‘ 305,, In %ha light of these hypothese&, Lhey termed the
:dolored products “czoneauren Alkalien"”°1.e.; “alkali ozonates”

in mueh the same manner that one tenms tna alkali metal salts

* Now fomulated a8 K.
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Vaf sulfurio and nltrio aci&, sulfates and nitrates. LTher
»nams "ozonate" has prevailed since tﬂat bime.1
Nc further infcrmatian an kne subjsaijwas publlahed

for several years, althougn Baen“ sugge )a*lin 1962 that »

the "azunaﬁes" wauld be mara preperly aaas“'ared as aciaie

;5a1ts* he Qrepcsea the formula Kﬁah. Same ;ive yeara later, :
7Vanchot, a ‘eonsistent contributer to tn 14 of yerexide |

ehemistry, and Yampachulhe5 undertcok t finvéstigate tha

'aeidic pregerties of ozone. Duming the eourSa 0f their
Jinvestigatians, they had oacasian ta repeat”ana axpanﬁ tha
 £udying the

,reaatian of ozone witn both organia base" ana sueh inarganic

work reparted by Baeyer ana Villiger wh

_bases as ammenia and the hydroxiﬂes er thebalkali ana
alkaline earth metal&. ihey fbun& that

one impart@d ta
,1iquzd ammonia; ét the temgerabare of's d’carhan diaxiéa,

a deep. orange«red calor'which,aisagpaare when tha %emperature

was permitted to rise to hhe baﬁiing painf5af liquid ammﬂnia.

‘They reported that adc‘iititm of the. oz&ma “reahed ammonia tc;»

cald titag;um(rV) sulfate solutian shewed tha preeenee of
hydrogen yeroxide, even afher th@ cclar had disappeara& fram

the ammania.f (This is samewhah confusing sinee the formation ;
of byﬁregen peroxide could searcely ba attributea to the
‘oxidaticn of ammonia by ezone ) Thay fuund that all af the
alkall metal hydroxi&aa with the axceptiwn of 11bhium hydraxide;
'became colored in a stream of oznna~cmnﬁaining oxyg&n, and

,they raporte& poaitive geroxide tests with bitanium(fv)
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»5ulfate aolutian for all or thesa "azonates" In attemptu

fing to ahaw qnantitahively the relative a*ability of tne

.alkali metal “ozanates“' they hﬁated them ;nfa‘stream of

;ezone~oontaining axygea, in thia way they aintained an .

fazane pressure abave tha hydroxides ana auld'abtain a fﬁ

fmare reliable ﬁetezmiaatien of thﬁ aecamposmtien ﬁemgaraﬁure.

}The resulta of these expar&mants ahawe&' hat‘ézaneutreated
9000; @ﬁe pehasaium‘;
'”119“c the.

rizéd ah abaut

?aoﬁium hy&rexide lost 1ts calar~at abea

thﬁraxiﬂe “azoﬁaﬁe"“beeame ealerlass &t)’

fcoxrespon&ing rubiﬁium\emmpauaa waa aea

flAOQG an& tha{ealmr‘cf the cesium,hyﬁx
}Ereaeptibla eveAl_fter fusian at 20&-2269
Manchot and Kampsehulte aoncludeﬁ tnanftne,stabxlity of the

'ide "ozonate“rwas‘

;erm these aata,ff

creaaing aﬁamia
Sfusian af the |

:alkali matal ”azonates" iacxeased thh
_walght of the metal. Tney fmmna ala@

ﬂ"ozenates" raaulteﬂ in tha lxberatian]ol~axygen hut ne ozona.ﬂ

}(Tne very faat bnat the fasion t@myerature 0f caaium hydroxide
fwas reported aa being batwaen 200° and 220° indieataa that

 the authurs mnsﬁ have beau warking withxfhe hydrated material.
!ﬁltnaugh eesium hyﬁramide monahydraﬁe maltj“at 180°;6, the |
;anhydr@ua substance does not melt until 272°0.)

‘ Mananat an& Kampsahaite also investigatad‘the aetion of

.ozane on the axidaa and hyﬁrcxidea of tha‘alkéline aarth ‘

Zmatala.; They raund that all af thes& auhataneea ﬂecompased'

1"ozene, but tnat :mly barium hydmxide 5 me'f oolorec’i ’ca any’"

‘ appreciable extant. At the temperature;o, ao1ia carban

5dioxide, barxum hyﬂroxida was coloreﬁ strongly yellcw by
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Vazone but calaium hy&roxida Was eeleraﬁ anly slightly;

'magnesium hyﬁrcxiﬁe ramained calorlass uader these condi~ :f

5tions. The ﬂeeomyosit;on of czona by bot*falkali ana

“alkaline earth hydraxides was aucompanied byiliberatian af !

| heat.h The presence of watur waa fuundft@whinder or preventf

;fthe fbrmation of bhe "azonates"
The f::.rst
the alkali ozong

antitative invastigaticn‘of the nature 0f

tes was. undertakan by J@fT&aﬁ§é7”

L;(not ta be aenfused wiﬁh,m@ritz Trauba, luwaa quite
' ' .abaut five yearaj

fafter Manchot anﬂ Kampsehul%e ha& publi, ”"their work an

'the sub;eat. Traube eanstructeﬁ an appar tua wherﬁin
pulverized patassium hyaroxiae caulﬁ ba xpoae& to a stream‘
of ezone-GOﬂtaining mxygen anﬁ wbich coul& also serva aa

*’a deoompaaltian ahamber in the gaaometric analysis of tbe

‘ resulting "ozonate” i The entire apyar&tu Was weighed

-before ana after azoaizatian ancl, sinc i'theﬂweight of the

potasaium hydroxiaa cantaineﬁ was haawn,_ﬁhe 1ncrease Of

weight dua to ozanizatian af the hydraxiée could be deter--

‘mined by &1fference. zn crder te elimiffte all traaes af }{

yiresmﬁual ozone, the syatem was flushed with ﬂry axygan bafore
the fnnal weighing.

The apparatus was th@a acnnecﬁed tawa gas buxﬂtte an&

the "azonate“ decompased by means u; a;f'own amount af water.

‘The volume change ia bhe buxette minus kY ‘volume af the

adaed water was aseumed to be due ta the:oxygen liberated

;ma, the weigh’b

ﬂuring the decompasition af the”ozonate”‘
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;nf liherateﬁ ﬂxygen eaulﬁ be aom@ared m&th the‘weight of
:nxygea ta&an ug during azonizatiun. Results of aevaral

Texyerxments showed tnat the welghﬁ 0f nolleaﬁed gas waa

;essentlally equallts the inorease of weigntwresulting fram

‘the attack cf the pctasaimm hyﬁrmxide'by tha &zone, the

‘varkmlan being anly frem 2 %a 5 mg. gerc
7 Trauba reparhe& that tha a:nlutien‘

» t@ﬁ&ln
?cn remaineé aftar

 deeem@as1tion oi zhe "azanate“ éontain”i

of hydrogen per »xias, _the guanbitative .minamon c::r

 wn1ch“was acuomyliahed by tihratian wit} 'aﬁdardizeﬁ

fyotasaium parmanganate solutlan* He fﬂ & ﬁbat th@ number

of mﬂlaa uf liberatea axygen was many_times graater thaﬂ

Lthe number af males of hydrogen paxnxide yrvaucea by solav

'utiau af tne "azanataﬂ* he waa thus led__a the aanelusian
jthat twu ﬁiff@rent praéuata must hava been formad durlng the
 azonizati0n, both af whiah libarabad oxygén npan ﬁeoampositien,
gbut :mly mxa of wmeh gave rise *ha hydm' en peroxiaea upon
‘being ﬁiasolve&. In order ta further esﬁablién this last

;peint, ne praparea a aample of the “0zamate” aivided it into
ftwa~pertiena, analyze& one particn immaﬁiately after yrepar~ :

fation and permibteﬁ tha uther partian t_wremain in a closad

fveasel for 2 ta u aays bofore analyzing.; The rasults snswed
that, althmugh the malar ratia af 1ib&rateﬁ axygen to hydrogen
 pernxide waa exhremﬁly large immaaxately after ezonization,
after 2 ta A daya the malar raﬁlo nad deereasea to almost |
~exactly 13 l.‘ Thia last fact was canflrmad by at least f1Ve

cuusecutlve experimencs.



Traube interpretea ‘the analykieal data aa indieating

‘the farmation af twa dmfferent higner;o ‘des of patassium,
Jaae having the fcrmula K307 aa& tb@ atne &v1ng the
cmmposition K20h¢ The iirst produet ! “reaetion ba»v
tween ozone and pntassium hydrmxida wa ﬁméd to be K267
and wag fammea aecording to. the reaatian&;

(B + 203 =T07

Thig. gotassium,”heptaxiaa" was ﬁhen aﬁﬁumed ta ﬂecum»

pose 1nto myygen and pmtassium "tetrexi&xwﬂascording ta the
equation*‘ -

K207 = I{zohw 3/202
He assumed that tne yotasaium “tetraxide“ would tnen decompose;

zn.water or aciﬁ salution to proﬁuae oxygen ana hyérogen

percxide in equlmolar uuautities. wni”:aasumphian w&s
based on the analytieal data whiah in&iéatea a v&l&e af
unity for the oxy@en—permxide ratia after 2 tn h daya
stanﬂing.-

Although ﬁheae Qrcpaaals explainedfrather well tﬁe

‘reported data, at leaaﬁ twa discrepanale ;are 1mmeﬁiately

abvipus. (1) the formula for pabaasiam superoxide is now
\kﬁownwts be K02 rather than Kgph, and (2) if a eompouna K207
ia to exist, either the potassium must exhibit a valenoe of .
,+l or a new oxide ion possesszng a valenae of ~3 5 must exist.h

.Temporarily minimzzing these agparant é1screpaneiea ef

'formulatica. hawever, ane can searcely!&isregar& thesa hypo-§f:

*theaes completely since they da ﬁxglainﬁ he,exyerimental



iﬁbaervationa ané analytiaai éaﬁaf““ﬁextainl? tha reyarte&

‘facta c&n be exglaina& bykthe exiatenaafafumare than one

subﬂtanae, and tna cnanga witn tima @f thiev01veé oxygea~

'quantities.‘ Hevartneleaa, the laak offmagneﬁiﬁ aata anﬁ

‘naglaet of many atanaard ahamieal tastﬁ yrevent one fram

faaca@ting Traube’s‘argumenta unhaaitatiagly#!

?rauba himsalr was a@parently natiai pletely eonvinae&
f of fghéi}raliabui‘w :;@:f ‘mg ‘griginal w'm m-; he publisheé
in 19173 ather article daaling with th alkali matal

;"ozanates“ Using eaaenbially tha aame typa‘ef apparatus
ana tha sama exparimaﬁtal praea&ara, he
‘behavior or tha ¢

"ozanatea“ mf potassi _hiﬁium and eesium

;hydroxidee an& auad reaults which agre ‘xavarably witn

"those af his earlier“wark.’ Ha raporteﬁ‘thaﬁ nene af the

alkali “azanates“ invastigata& gave mar ;tnan a traee af
‘hydrogen parmmlde when aaaumpased by‘maansvof water or

aeiﬁ imma&iatelg aftar pxeparation* howaver, as bafcre, ha

kreparted nnaﬁ the analysaa af ﬂazanateﬁﬁ wnlch naﬁ been par-

‘mittea ta remain in an iee bax far eeveralidaya indicate&
1approximately eguimolar quantitxes ar li;_iated oxygeu
Tana hydrogau peroxideq |

Tna results of aighteen experimenta mndinatea that
potaaaium, rubidium and aesium hyarexiﬁa; were readily calared
by oxygen eontaining 6 ta 8% ozona, with oorrespanding ehanges



.

'1n weight accampanying the calaration. Tha ohange in waight‘7
kof cesium hyﬁrcxida as a result of ozanization was a maximumﬁ
of 2.2%, th&t of rubi&ium hydraxiée was“g: ‘

Apotassium hy&roxida "ozonate“‘containes,

ximum,@f 8%, by»ﬁ

iwezght; of add' oxygen. Tha eolcr of eawier alkali

;“azonaﬁes” was uch deaper than that a ﬁotaasium cam~

ato‘tnaﬁ of
ilevtne aaler af

;pouadg th@ oel” “af,tha form@r being c
gfreshly pr@eipit éd aahimony aalfide,
ithe potassium compaund was likena& ta;ﬁh t'af potaésium
'diehromate.' All af these “uzcnatas" i heir olor on
 standing and were decamposed, with oxy voluticn, when
iadaed ﬁe water er aaid.” Cesium “nzana as founa ta
“u at 0%,

ark on the deter-

'retain its ealor far several éaya When,u
In aﬁ&ltian to repaating hia aarliﬂ

mination af oxggen-peraxide ratioa, @xau aonﬁuetaa severalyi

other expariments which were aasignea te substantiata his

arguments.k In twa of the axperimenta tn ezanahe" waa

diviaed tntc appreximately half"one portian was aciaifmeﬁ
Wlth Gulﬁ aulfurie aeld and titrated w ; ‘bandardized |

yotaasiam perman anate solution, the other part1mn'was also

3aci&ifieé W1th eold sulfuric acid, patas  um ioaide adaed,
ﬂana the liberated 1odine titrate& witn_ andardized soaium

«thlosulfate solution¢ The amauate of hymrayan peroxide

~indicated by eaoh detenminatinn were eséentially the same.

gﬁinally, a succes&mou of azonizahiaas Dn:the sama sample waay;
carried 0ut; a sample Was azanated, it_x_alor penmitted ﬁa
fa&a, reozonated, and sa farth far aa many as five ar six

uzonizatimns on the sama sampla.  Altnough ﬁhe molar ratio af
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?oxygen ta peroxiﬁe was repsrte& to be tna sama, the amaunt
'of eaaﬁ prasant was iound ta increaae afher sevexal

ezonizatiena»

Altnougn Tr“uba reporteﬁ nm speqif

ﬁ*teats for garaxi&eg

’the fact that the”salutians x@maining eeampasitian

}gf the ﬁazanat shnwe& baﬁh axiaizing ro fi?t  ﬂ‘;f

fpoﬁasaium ioﬁida  &&§ reducing pewer (1
f%emmanganate)jseeés ta hear nut hia éb te
pexaxide‘mus% reault from 5Glﬂtlbﬁ ef the »'”;
‘must be pointe&,lus; hawever, that uzan
re&ucing an& axi&izing prmperbiea9 ) H
;sinae the evolvea axygﬁn and nydrogen §ex
»approximately aquimular quantities afte
5nrnﬁuet mnst nave b@an the “tetroxidef |
fexide). inasmuch aa tne amnunt Gf hyax e §eraxida per

fgram,inareased upan standiag, he assumeﬁgthat anatner 0xygen~.,

 liberating aubsganoe, whlah in 1hself di  not groduce

hydragen peraxide upan aolution“'must haVQm‘ean prasant
etxaxi&e” while
eﬁ_far bath @he

orig&na&ly bus must h&Ve re&rrangad to‘the
shanding ah 006' 5Innﬁhis manner, heVa 

'inoreaaa af‘hy ‘gan peraxide wmth txma d‘tﬁe exhremely

~1axge oxygan*peroiiae ratié immediataly »r formatian mf the
‘“azﬂnaﬁa"

ﬁp ta thia point, little was propoae& hy Traube tnat

,was nat to be fbun& ln his earlier paper ;gwever, his views
on the natura af the ncn»paraxiﬁenproducing aubatanse ahanged

'consiaerably¢; wernerlo haﬂ propcsed that the "tetrozi&e" be
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’written as K0° 03, analogous ta his formulatisn for. tne
_polyhalides and polysulfi&es. Traube perferred te write
: ‘che "tatraxi&es" as KuD—O-Keﬂg, in omer w e:xplain tha

;arxgin cf bath perazide axygen and mnleeular oxygen.v He

proposed a similar formulatlnn for the "vazmnate";; (KOH) 5°05

or KOHan - witn tna axygen being baun&‘by“msans af

H"auxiliary velence" ta the potassium hyﬁroxida~ Futassium

;"ozenate" wmuld thus be termeﬁ potassi oxyhydraxide", and
7would rearrange’ ta the "tetraxiﬁa" aeeorwﬁng to one af the
fequablonsi
3(KOH )0, = 2K05°0; + 2K0H
_a‘r‘;; mmﬁ 02 = zzczcz«oz + 2329

Although the analytical data were f ;tea inadequate

Lo gustify hia hypotheses conaarning th '1oxyhydruxide", or o
,te eatablish the exact axygen~nydraxiﬂe ”;ﬁia, Traube prmpasedlf
 the fallowing decomposition rﬁactlana for bath s&bstanees:
(1) (Koa)z-eg + EQSOL" = 02 + Kgsﬁh + 2H20
(2) Kj0p%0; + HpS0, = 0y + Kg80, + HO
-Ha also supposed that if the original hyﬁrnxi&e eantained
fwater of nydration, the “oznnate“ would &eaompmse accor&ing
‘to equatian (1) abova rather than rearrauga to. tha “tetraxiﬁn"‘f
vIn tnis raapect, he reparte& that the laok cf eampleta
 dehydration was aaﬁrimental to the pro&ress or tne reactian
_and wmuld eause the resulting "ozenate“ to ba leas stable,'

rhe found that the same peraentage of watar was mmra detri-

‘mental ta the farmation and abability ofwrubidium ana eesium

"ozcnates" than of the potassium campaun .
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A faw years after Traube's aaeonﬂ §apar an ‘the alkali
f“nzanates“, otrecker aad Thienamanll invastigated th@ aetianf

laf aznna aa aclutians ﬂf alkali metals in 1iquiﬁ ammania._=

{Tney reparted thah thﬂ firﬁt aatman of ne{was to farm tneﬁ

;metal hydroxiﬁe,

fwhich apgeared aa a &a inaus mass.. This :

ipraclpitate éis‘rlvea upcnlﬁantinued azw~ ;treaﬁmant an& a

fdeep arangeﬁli Qiﬁ'was fﬁﬂ&ﬁdé ?inally QNOraﬂg@ Prﬂﬁipi‘. 

?tate fommed. &apia»brawn preaipitataa‘were bhsarved whan
;aolutiana af calaiumyana barium 1n liqu *aﬁﬁnnia wera i
;ozonateﬁ, bnt theaa precipitates decamyo diaa soan as tha
ﬁammonia ha& avaparatad*- Tney regarted tvtha orange
faalara& "ozonates" of tne alkali metals ‘cem@osaﬁ alsa ugon“
 66@@1@%@ avaporation nf th@ ammmnia, élkhadgh ﬁeeomgoaitxmn ?
‘was alawer hhan.in ﬁhe aasa nf calcium aﬂa barium., The ' fiaal
;pra&uabs were fcuna to be mixturea nf ammbnium nitrate,

jammnaium nitrite, ana tne hydroxiﬂa mf tﬁehalkali matal in

fqueatian-‘ Tha ni%raﬁe aﬁd nitrite xaaul ram tna exidatian

of the ammaaia by”uzana, a raactiaa reybrteﬁ by %anchatlz

in 1908,
Tha method of aaalyﬁing far uxygen"”f§°éikéli'meﬁa1;°

 eanaistad af permitting maat 0f tha liq; ’ ammania to

 9?&90£&%&, at%aahing %he apparatua to a gas'meaaurxng aevice 

ana simultaneoualy decamposing the,"oznnata“ and avagar&ting;
fth@ remaining ammania by n@ating the reaction vessal o E

f250~360° in an 011 b&th.l The valume of the libarated gasea, 
 whiah aanaisbed of azygan amd ammwnia,_was meaaurad and tha B

79xygen then detenmine& by absarytien in an alkalina salutien:
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ﬁaf pyragallal. Tne alkali was ﬂetermina& by neutralizing |
ithe residual hy&roxida by maans uf dilute sulfurio acid, |
avaparating ta dryuass. and datermining the alkali metal

;gravimetrically as tha aulfate.‘ Daterminations were ma&e

;far pstaasium, rubidium and cealum, with?tne mcl ratia ef

1lxberate& oxygen to al?ali metal baimg abaut 0.7 ta 1 for :

 potassium and rubidium, and apprmximatal _ £0 3 for aesiuma
vNo quantitatiVa daterminatiana were<ma‘ odiu
Strecker and Thieneman reporbad ﬁ : gsing aci&ic
!titanlum(IV) sulfate solution, Lhay abta Hﬁﬁ‘pasitiva
=peroxide teats on the salutians remaini“ fﬁer tﬁe deeemg
‘posiﬁion of the "azanatea" in water or\a id‘_ Tney alsa
f reporteﬁ that. 'bhe aa&a mr fax*mation and the stability of |
‘the "azonates" appeared ta incraaaa with inéraasing atcm&¢i
;waight of tha m@tal, that Qf aoéium being the least aﬁabla,

land most difficult to obtain, and tnat wf aesium being ﬁ“e;

”most atable and,easiest ta cbtai&.{_Thes Hraaults ver&fied
 the obsarvatians repartad by maaanat aaa Kampschultas
ot of the alkali

“metal "ezonatas" uatil 1935. when Waiss%repérted tha resulta

Little mare was publishe& on the su_

of his investigations on the HOp redical &nﬂsalubian.yﬁ

iﬁnfbrtunately, many of the oauoluaiaaayreéehed by‘Weisa were
based on 1nsuffialent experimental evmdence ana must be
'consiéared tn be mcre sgeculation than acceptable cenclusions
based on experimental ﬁata.k For the maﬁt part, bis publi~
“cation daalt with the existenae “n& behavior af tbe H02

‘ raaica1 in soluticn, but his many refaranees %a tne reacticn
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tbeﬁwean azone and hyﬂraxyl 1an gravida sufficient axause j
i?ﬁmﬁﬁg %ha literature uf tha alkali matal

‘far ineluding :
‘“azonataa"

Weiaa asammed, citing the*origiaalf'kalitaﬁiva wark aff]

{Baeyer and v1111ga32 as hia autherity, tha aetian sf

'iﬁ tha preﬂuotian

*ef patassium suparnxida. He ﬁhen pastula__hfﬁhg,farmatiammgt\

ﬁaaane on s&lid patassium hsdrcxida resul

 §02 fram an aacording ta the equatian,
Kﬁa ~§- Hg‘soh zx KHSQI" ;+‘ Gg

‘He proposed. that eitner ﬁyﬁrogen pernxi ar azone waula result

;rram‘tne dﬁ@ﬂmﬁasitien of HGz aecorﬁingw: mne af tha following
fequatianaf
zﬁﬂz =, 03 +~H20 + BSKcal

mog‘- zazoq + az + wxea&

:He &id noh gropase a m@thaa for daﬁermiaing wh&eh of theaa :

freactions tcnk plaoe; nnr, indeed, did’__ even suggeat that‘
fana might take plaee in preferanoe ta the ather._ Naverthe~‘
fleas, he 3hOWed that ezmne anuld be analytioally detarminea 
 in the praaence ef ny&rogen peroxide accarﬁing to methods .
!baaed on the fallawing aquatians‘

Ia&ometria Titratian

"‘.(QZOQB} 3 23: e 320 o 02 "i“ Iz '!'GH

(Oz/lg 2 1)
{:’(ﬁgeg) }5202 -a~ 21' «a- za = 3:2 + mga -»_,_,,(02/22 = o)

‘?ermangaaate Titratiaﬁ

‘:(OZOHE) Zmﬁnch + "03 -i« 332301" = Kg&’)h *i' ZMSQLP + 3H20 4* 3.002

~ (ratio of Gz ‘to EMn0y, 18 5) . |

,‘{gzag‘)v 2KMRO, + 5Hp0p + 3HpS0, = szabfz}emsoh + 8320 + 502 |
| (rabic of 02 to Kin0), is 2. 5) ‘
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%eiss also asaumed tha correctnesa of Baeyer and
Villigar*s hypethesia thaﬁ the yell&w colcx resulting fram
tha actiaa af aznne cn cansantrated aquesus gotassium hydroxiﬁef

solutiena at low temparabares was aue tc“ ne formation af

pmtassium snparbzide. He then maaaurad
the abserptlon due t@ soﬁntlans of ozau

‘and in alkali aalutions, ana alao dater ed the azane content;)

faf such ‘solatl ns."aaseaus ozone had a ng)ébso:ptién ‘

Iin the ultra-#i Qa$, with a maxiﬁdm at’ ‘
araateriatics, i*
fkalinity cf the.

Kn*in the ultra~u

»utioaa of azane shnwed the same general
‘but with a,more diffuse spectrum¢ ﬁskt
.ozone aelutiona waa i&creased, the abaa
fviolet deereasea until iﬁ complately di pgared_in atrangly:

ion bend in the

'alkaline solutlon. He obtaineé an absar
“blue region of the VlSible speatrum fcr luﬁibnswdf,ézqne,
;in gO potassium nyaroxlae solutian at emyarature of

about ~40°C and &asumaa this absorptian to be due o

,pcta351um sugeraxi&e and saperoxide 1onv .ﬁowever. he ahawad;
:nc direet evxaanee to substantiate his assumgtman, and one |
is forced to acoept nia clalm as mera conaeatura. Wemsa's
spectroscapic observation ia reallg no m@re signlfieant %nan\
'saying tnat sclutlons ef zone 1n strongl palKaline medium i
Jat law tempgratures are aoloraa yellow, tnislmuaﬂ nas been
»knowa since l9u2..

At the tima tnat the prasent Wark was begun, all af the 

_available informabian on - th& alkali mata“*azonatea“ waa

;eantainad in the publleations just desaribe&,v Since that bime.’

‘hawever, a new and mara oamplete appreaen to the prablam
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*waa ﬁesaribe& by Kazaxnavskii, Mikclskli, aﬂﬁ ableﬁsoval4
f@ﬁe must rem&mber thab, ﬁrinr ta 19h9, all attempts tu

fisalate tha pure "@zoa& e" haﬁ baan unsua:

essful» Streﬁker

fané Thianemanl

;_aa sﬁown that the azanizatian of salatians

Laf alkali mﬁtalwﬁin liquid ammanxa g&vewf‘rst the matal

fhydrnxida anﬁ tnen oranve cmlared aolnt : ;Althaugn they

fwere a@parentlyrunaware f their &isaav iﬁ has reaently

bvious or, aueoeasful att@mptf
,at isclatlﬂg th .Qura aempaunﬁ tﬂan any ;prior ts 19&9.

gﬂawavar, Kazarn Qkii, Nikalskxi, anﬂ‘k lﬁsava'wera tha

ﬁonaa Whﬁ prn&ua "zhe firat r@asaaahly potassium

;nozonatew byvntilizing a liqui& ammenia ,¢gga§igg_prqg¢§ag
Kazarnavskii, mixolsxii, anﬁ Ablet ,aﬁbéganfbﬁf
;oz@nating welluaehydrate&, gulvarizeé‘go]‘ﬂsium hydroxiﬁe
for 2 %0 3 hour &t ~10 to ~15°C with f
[of 6»8% ozonated axygen. This rmaatian
itha cne nohed by all previuus inVQatiga k
é the "azanate"

‘seluble in the

»fnuﬂd that liqui& amnnnia ai& net deadmp

;anﬁ, furtnemmcre, tﬁe ”ozoaata“ was guit
fammnnia. They fbund that whea ammania waa coadenseﬁ on the
;“onnate“ at tne tﬁmperatuxa of sslxd aarbon éioxiﬁa, aa |

,orange-»m& eolution eame t'.hmngh the aixxwreﬁ-glass filtar

Buaed in the pracess, leaving behind tha unréacted nydrexida
 wﬁieh waa insmluble in the ammaaia‘3 Upon evaparaﬁian of , $
?the liquid ammonla, ﬁhere were abtained reddish~brown cryatals
;whieh, upon analysis, yroved to oansist ma1n¢y ar a campound
fhaving me i'ormula M}B
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Tne authars di& nat raparﬁ thair methma of analyais, .

‘but gave tha rasalts af aight analyses whi‘hiindieatea
jbenween &1.9 and L3, 5 weight pe"cent mf't otive“* 0xygan, 7
'and between 5& 6 and 55 8 weighﬁ.percen“" gpntasaium

ymonaxida. Ths aum ﬁlffers frnm 100 by nlyiéta 3%; this
.deVLatlon was explaiaed by the presene wéﬁa:,a3 ank
;lmpurity.. The farmula'was acnievea by “g?ﬁiﬁihgftﬁeh
Vabovenmenticned values fcr "active" oxyg and‘the alkali
'metal axide, then deberminmng thearetioa _,he values
,for'water, patassium man@xi&e, and aativ myggn,wn;ah§w6aiﬁﬁf
jresult from the decomyosltian af sever el s of.

_campoun&s. ﬁhe follawing thearetical aalﬁulaticns were

;ﬁmde. 
Gcmgoun& E: activa ggggan* 7_3@551}1 ch
KOH'O  22.2%.  65.3% 1z 5
'KOH*02 36 3% 53.5%  10.2%
KOH+03 - .1% L543% 8.6%
K02 ° 33 7% :66;3%* .0.0%,
VIt bhus appeareﬁgthat the analytical & 'tted th@ farmu~\ i

‘ssibixities

rand the authars aoncluded that potasainm “azanate" muat ba

vlatlnn KGB bahter‘than any Of the other:‘

'a.aew axiﬁe of potaseium, Kﬁ3.,

.*The term “active oxygen” éa used here refers ta the sxygen

1iberated upan namplete deeompositicn of the compeuna.
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ﬁhe auth&rs raparﬁed.that the ﬁew axi&a ﬂenompaae&

Qslswly at ream,bemperature, liberating oxygen, and giving

fpotassium superoxide as the ea& praﬁucﬁ, accar&ing to tha

ﬂﬂawaver, na mea“
ifioatian a@qt
]ta aubatamtiabe
,,‘,faff:ama. They
ipassesse& ”higul
 strangly aeiﬁicf_

fgivan aff vigaroualy wnen water waa aﬁﬁ

_fdiozide, no appxeciable ﬁeoampasition waﬁ“

Freacbian»

KOB & Eﬁg *f“ 3./292

an‘was made as ta tne "x“irimsatal veri*l

aaati@a, i‘e,, aa agae ?ehamiaml teats

*a

he f@rmatian mr pataas uparuxide was
re na mara speeifia'than ta atate that KDB’

feaeti?e praperties“ 'appearad ta be

: ?ney likewisa report :at‘mxygen was

tm‘the “ozanate“'

?accarﬂing ta the equatian*

KO3 + H0 =K' + OH” + 05 + OH
zea = Hgo * 1/202

QThua, they aaaumad tnat hgdrogen perszzda%was‘nob a praduqt

of the decampasitimn, unlesa they purpcrﬁ ta'inaicate its

‘jexistenee by maans af the eﬁ radiaal..a

Tha Linetics af tha progoaed &acomgasition of KOB tc

 what was presamably gataasium 3u@eroxxﬁe”ﬁndlaate& that the

ltime required for &alfuﬁisintagratian was 90 hmurs at 15~20 c,

fwith cam@lete decnmposition ﬁakimg yl&e‘gin ll daya;g As a

temperature of 50 ta 69”@, the &131ntegration required only

;abeut 30 minutes, but at the temparature of aalid carban

abserved. %hsy

'arapertad that tne initial substanae canta neﬁ 93 hm K03 and
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a” repcrtad to
;contain 89 8% KBE and 8 6% KOH. ﬁgain $ géilaa to
;indiaate hmw thei;arrlvea at these figures }
: Magnetie meésurements of a mixhur' rvsnmably of 83%
KOB qna a% KGZ 1ndicated a gram suscep 1ity at 20 degrees
m; of 13.;6 x 3,0““6
ﬂegs units far the gram susceptibility of pure. KGB, a molar

‘susceptibility af 1135 x 10 6 cga unit

‘of 12.5 % 1@“6 cga. unlta.f This gava "

df‘consaquenﬁly,
,a magnetic m@ment nf 1.67 Bohr magnete' Tnese magnatie

data snoweﬁ the

‘3 te be paramagnetic a bo eontein ane

unpaired elect_ ngper moleaule, thus e

°gassibilitiea ef the foxmulae KaO6 a“d'Kw“,03' batn of wnioh

ating the

should be ﬁiamagnatic.f

Electriaal eanﬁuctivitg measuxeme'vw“ n’éolatidnaVaf’Kaj
in liqnia ammonia (at -50°0) indicated 1&6 of . 3 h ohma‘l
Vfor the molaaular éleatrical canductiv 's}the authora
‘pointed out, this vaJue*wauld seem ta eatabiiah KQB aa an

*electrolyte af "medezate strength“ and give addihional praaf

‘ho th@ existenoe of an 03 ozonlde ion.frThey suggeated that
the stability of the 03‘ ion oau&d be explained an the basis
faf raaonanee hybrldization between th@ regular two-eleetren
 bonds, and postulate& the follow1ng resanance structures*j
T0=0~0- © w0e0=07 "

In addition, resananee between a two»eleotron band ana ah‘
;threa~eleatron bond was assumed ta be possible, Wiuh the"f
fallowing resonance struetures*

T0-02220 —-0-0“'
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\“he banﬁ ﬁxstaﬁae was aalaalaﬁeﬁ tn be 1,383 basaﬁ cn tha -

k«a::t:psﬁafs.&fw,u*1E
zmj) - 1/2(&(%1292) + d(mz))

'where a xafers“'

'"the ﬁxygan-axygen &lstanc&.

Ereliminary erystallegrapnie stu& 33 ﬂdiaate& that the.i

iKﬁ3 maleaula Qrabably 9essasaes a eryata ne étruature

fsxmilar ta KK3 ;}$ne 03 ian was fnund ;§f $near,gas ié,

th@.‘ I\TB iﬁﬂ

The authars*prnpasad the fmllawing nhain maekaniem fer»g
_the azonizati_h,

freaction*f
;KGE)% 63\~ KDH°G3

tma«og + 03 1«:93 + 5&2.if";ff“""
:HOE + 63 = HQ + 202
'HO + ﬁ3 HOQ + 02 ;. ata‘
fmhevaeiwallcreaati0n~wasﬁwri$tensaa:j
3KOH + 20, = 2KO4 + OH AT greater than zero,
'*Tha elecuran;afxinity of the @zone ‘molecule was

5calbu1&te& rro
}betwaen 60 and

Vf‘energies anﬁ resonanee energxes ta ba‘
3Ecal, whereas the eleotran affinity of thé,
onygan‘mnleaula; bnly 22 x 10 Keal.

ln atﬁempﬁing to evaluate the prev i work, one cah

fiinﬁ maay pa;nta of agraement amang the ’ariaus inveatigatora.

fAll appar@ntly agraa that the "azanatas: éecampaae in water

;and ﬁilute acid tn 1iberata axygen.j;m>st of;bhe aneatiu;

;gatora reported pasitiva tests fer hvdr ew;peraxide on.

;solutions resulting rram the deeomposltisn af the‘”ozonates" e
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faltnaugh Traube7’ repcrte& only a traee of{hy&ragen paraxide

immeﬂ&ately aftes preparatlen af tﬁe "ozanate“ All Qf hhe
autnars whu Venturea apinians en thenmat%er seamed ta feel
that the “ozonates“ were either superoxi&es (Baeyer aa&

Vllligerz Weiasla} ar‘were substancea'whion farmed auper~

cxides upon standing (Kazarnovakli, Nikelskii, and Ablataoval&

aiplaln hhe
nd Vzlligerz .

‘Traube7*8), these grepoaala, if true, Wﬁ

poaitiva percxida tests. Howaver, Baeye

*presentad no qnantitative aata ta auppa‘ heir propoaal, su

:tneir apinion,must be aisregarded, WBis merely accepte& tha

views of Baeyer and Villiger, therefore’ hié ®pinion must ba

'completely ignarea, Kazarnovskii, ﬁlk@li ; &nd Ahlehsova

1faile& bo mantian thair¢mehhods for deﬁf ihing petasaium J

‘superaxi&e in the presence af Xﬂ;, sa a; iaanot praperly

»evaluate their data; Traube appears ta h‘ eitne strnngest

4ease, with hia quantitativa determinatiansﬁaf tha axygen— i
peroxi&e ratias, and one can’ soarcaly ignnre %ha conaistency
of nia analyﬁical &ata,

The role of water 1n the farmatian ana stability af the
"ozanates" has heen rageatedly mentloned by saveral autners,
»but no one has attemptea to carry out experimeahs aesignea
’spaclfically ta determine the exact rale playea by - the water;f

All of the authars'wﬁa con&uoted experiments on sevaral ﬂ
10f tne alkali metals agreed that the stability and ease of

;formatiOQ of the ”czonates“ appear to increase in the order

,sodium, potassium, rubialum, eesium, but3Very little wark has;
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3been reparhea on the aetmon of azane on &aﬁium hydraxi&e.
fAll of ﬁha quantative ﬁata has beea fér"the;“azanates“ 0f

:pOh&SSlum, rubidium, anu eeslum* na\ nv stigator naa yeﬁ

frapartea qnantitative stuﬁies af s@azum hydraxide "ezoaata"

Qf tha exetnenmie‘

“"“he repcrt bv sev&ral.ef the auﬁnor;
fnature af the reau%ion between ezone an Ah ”nyﬁroxi&e5 cf
§tne alhali mﬁtals can har&ly bn nmasiae as%aignifiean%,

‘oxygen ia highly

fainae the cﬂtalytic ﬁmemmpmai%inn of azm, ‘
{exeth@rmicw~ ”he anthalyy ahange of the «actién“203 392
iBAOOG eal.;~;

aﬁhienaman;1 wé§é‘

315 given by Lewis an& Ranﬂ31115 as AE%
v | @he obﬂervat ons maﬂe by Strackar
funqaastaenably the same as tnase made b éﬁérﬁ¢#skii;
;Kiknlskmi, and Abletsovalhyi After rea& v‘the yaper of the

xflabter grmup af autnors, nne can axglai 'he cbsﬁrvationa af o

,mtreeker anﬁ Thieneman nm the baais afztnersequancez {1}"f

ifarmatiﬂn of the hydruxida, (2) parﬁxal aniaatian af bath

jhyﬁroxida and ammania, end (3) extraatiof af ﬁhe alxali

 matal “ozonata“ by tue ammmnia to give the deep arange ealor.f
;Tnab the unlor was naﬂ dua anmpletely ta zbaizatian of

t amm0ﬂia is evident fram hhm-repart that*tna‘colcr did net

 ﬁ1sappaar until tna amma&ia,was almost a ;bl&ﬁely evaporated«h
;The faeb thab they ai& nat ebtain ﬁirec*

| tne emlarea
‘;crystals ebﬁained by Kazarnovskii, ﬁikalskii and &bletsova
‘cannot he rxnlaineé an the baais of published information,
 but this does not alt@r tha fact thaﬁ they were apparently
ﬁthe first to observe the solubility ofkghe “0znnate" in " ‘

;liquid ammanla even tnnugh they were appareutly unaware o£
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this fact. Wnelr value ef unlty for thejaz/GaOH ratxo agraes;p

apprexamahely wmth the value af 1 25 reparteﬁ by th@ Ruaaiau ;T
authors.‘

Nevertheless, ne work af the’ laﬁt”“”invastigabors

is by far ;n@ most eomglete lnvestlga ‘cn Qf the subjeat to
date. Their kinetic aad eonductivity ﬁa aand gartiaularly
their maguetlc data, awupled with.tnair u@ﬁﬁuﬁ 5n isolating -

 a fairly pure pruduet, leaves ane witn 1 tle daubh ﬁhab

”thezrs 15 th@ mast readily acceptabla explaﬂation yet foereﬁ.

Despxh& their reluatanee ta in&icate the

’ ethoaa af analysis

aﬂd the results of speﬁxfle chemical hests”'if any,‘ane is

falmost forcad by the preponﬁeranee af th‘ rﬁfxperimental
‘data ta aecapﬁ th@ir femmula for the yatd sium “azanata"
as beiag ‘the moat nearly oorrset formulaﬁi_at’has been yet

‘proposed.
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 EXPERIMENTAL
_Sources of ozone

1 ﬁiﬁféﬂr/en‘%

; 'Qz_mgggmiﬁéihin@ sxygfenwasl *s‘uppl:l:" '

sze is pmﬂuceﬁ in 'shis maahiae hy gaﬁsing;‘eithex' aizs
etwaexx elentmaes
graphitewcoaﬁed glaaa tub andz a mzeal

j",fg:rl oxyge;x;snmg;a}an‘ ‘eiei:stxi&alfaiaeaar‘

wnaieting af
éijaok.ah whwh aur; _aun&s t&m glasa tube &1&6%!’966 canoentri»

aally; | ‘Ti’ne glass t&be elaabmaa is seaie ’mz', bath en&a

ami ia eaateﬁ mx the msma wii;h graphi‘ ,a'hnat anly the

glass mter surfaea amaas in eontaat wii \ha axygen axm aaxi
thus aatalyze the mrmaf;i on af ezane, i
i:mana ef a atael rm’i m fme en& ta a ap‘
gatapu-up tmnsfnrmer with a voltzage tani}
ary, 139 am vith a maximum aeomd,

appw;&imately 16 000 wlbm 'nha voltag

{,meana M a variable w:ltage tmnai’omar n ha primary

ei muit anﬁ the valtage leading f.o the pr mary yét_the mﬁ.n

,";tranafamer 3._ i ,idmatea on a pane). mltEeﬁer‘.l~ 'Bne "onnator“

ze &eaigned i’er aperatian an a llﬁwwalt 69-—357:313 A, C.

aimuii;; the primary voli sage snculﬁ notﬁ,%‘aee& 120 volts when
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the machine is eperating an air and shoulﬁ net»be graaﬁer
‘than 110 volts when ‘the macnine is apemating an axygeﬁ._'a
steel caae, ag shawn in Figa I, enclesea the tran&fcrman

and eleatrodes an& is maiataiaed at graan& potential. The

steel jacket whick surrounds the glass‘t “a;aatrgde.aancanuf
trically is cooled by means oﬁ a flow gﬁlwﬁﬁér th§éagh the
surrounding oooling jackst. |

~ Throughout this entire study, tank Gzygen (Linde or
Puritan) was useﬂ in operating the "ozonatar” and the
rlaboratery azonizer éeaaribed 1ater. The oxygen‘pressure in
the "Gzanator“'was maintain&& at 8 pounds ber sq. in., ag

indicatea by a presaure gauge on the panel baard, by:means

of aiweduclng valve on the exyg@ﬂ ﬁylindﬁ”'~ (8 pounds per

SG. in‘“is'the yressure reeommandea by the manufécturér‘
as eptimum.) A safety pressure switch in aeries wmth the
primary circuit cf the "Ozenatar" opena tha cxrcuii;when

the prasaure inside the,maehina falls belcw 3 paunds per
8qe« in.

Tha flow nf czone~aonta1ning axygen was eﬁntrolleﬁ
entirely by means of the ezone outlet valve; the oxygen
inlet valve was laft completely open thr@ughauﬁ all
ozanizatlona. A,xotameter, calibrateﬁ at the eptimum
prassure af 8 peunds ger square inch, has been plaaed on. the
panel beard far the purpcae of reading flow rate &ire@bly.
This retameter, however, was aalibrated in cu. ft. per |

kminute and was teo 1nsensitive for use in experimeats thah
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Figure L

The Ozonator
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require preoise knawlaage of flow. rate.wwuar ﬁhis reaaan,

the flow ra%e was . detanminad by maana a£>~{11qnid~filleﬁ |
gaa flewmeter filled with a 1ight waight‘ ineral eil, an&
oalibrated egainst , “Wet Taah hetezm (manuraahured ﬁy

'Freciaioa saientifie Gc.)‘which was glaceafat tha axtrema
end of the ozone daa%roying train (?igu”XII), whiah will

be. describe& later.i
‘ Sinue tne pra&uetion of ozone is favor@d by a law
,maiature eonhenb, it is»neeeasary to use 'xygen‘whiau ia

as aampletely anhyérous as possible.»vﬁl ‘aﬁgh very little

maisture shaul& ba prasent 1n taﬁk axygen; rigia1y

anhyﬁrous cundltinna were aaﬁured by fir 2 &$31&3 the

axyewn tnraugh a purifiaation and érying rain aonsiabiug

of ’cwa tewers of auhydrous calcimn mloricie_ an@jmm ’samzr :

af anhydrous magnesium percﬁlorate, alf'tmwers;meing abaut,

30 cm.in heighb (Fig,,II}.A Traces or

glass bube insi&a tba "Qzanator n is f. exposed to

1nsuffi¢ient1y dxiea air ar axygen ana. apem&ﬁed*witn

dry axygen, 1t takes 36 ta 48 haura fo ne "Ozonatar" to

reaeh equllibrium cenﬁiﬁioaa and mazimnmwoutpnti
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Purificq’tion Train

A —Oxygen Cylinder

‘B — Reducing Valve

C - CacCl, Drying Tube

D - CaCl, Drying Tube

E —Mg(ClO4), Drying Tube
F - 0zonator
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OzoneVGoneentfatibn

Tha praduction af ‘ozone fram axygan ia afraete& by
many fantars, tbe mara autstanding ef tnem'beiag pa%ﬁmaisw,i”

‘bure content (b} frequenay af &leatriaal achar&ﬁ (a}
.veltage (d) hypa‘ﬁf glasn usea in canatruet fg‘tha azanizar;

and (a) temperature}i Iu aﬁdition, tne aoaoéntxation af

*ozane 1n a gasémus mﬁzture'af exygen mna ane is affeated
by tha flow rate ef tne axygen.l Tha eff erJQiahure
aanben% has alreaﬁy been diaausseé, aﬁa _3&§5f0£ giéss
and the f:eqneney &f elecbriﬁ&l disaharg fe é5£é€éﬁ6 f'
faatore datermineﬂ by tha amnstruaﬁian vha‘apparatus
and the source of 4.C. nurreat& If tﬁ altage remains
aanaﬁant, the temper&tura anﬁ flcw rate ia{faaﬁora whiab
_ean be varmaﬂ aurin@ tha aparatian af ﬁh Gzonatar" in

order ﬁa eitner inoreaee or dearease th, ”ereeﬁtaga azane

oqtput¢
The reactien 302 = 203 is an enda%hermio ane; henua. ,
it is favorea by high temperaturas‘ Fa] thisff;

ason, it

shaul& be gasaible to pro&uea azane frm, _ygan msrely by

heating the oxygen ta~a vary nigh tamgexaturs,fiﬁawevar, tna

&ecamycsitiem or oznne is mnah alawer & 1ow”temparatures,

and for tnisﬂreason, ozone praduotion b; the e ectmiaalh

feleatrieal aiaaharge;, Low temparatures

‘"chnatar" are maintained by means of t' freﬁiéﬁaly mﬁaxlaﬁeg;
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‘eaaling Jacket which aurraands the auter"°steel) elestrode,
Galﬁ water ia p@ss@d thrmngh %hia Jaake%__nziag the

aperatian af tne ma&&ime anﬁ tne eaaeaatr&tima ﬁf znne ia

,a funaticn of tha tempar&tura af this a@mliag'WQtarg a@a&i&n;
1erably highex e@neentratiana ara péasiblf_aﬁ 1awer

 ammling*wateratemyeratur@ﬁ‘

‘“ha azmnar anaanﬁt&ti&n is alsa afff'atlangaf tﬂe flaw

?ozene au,puv;

tgaa; hawaver,”

;rapiﬁlyﬁ Whiay»xaaumably is dae to deao;
{omane heﬁweea the tima of} fwrmatimn‘and
\ ith tha poﬁassium 1@&1&9 nseﬁ 1n the anals
ineaaaaivable that th@ manner in whiah‘ heneanaentratian

variea w&th flaw rat@ may be aome fuaatian»af the time ef

%elactrical aiaeharge, ;a‘; some '’ funatiOW ;f;th9 frequeiioy
@f &1scharge~

;ma&aarem@nh of Ozone eunaenbratian

The canaentratian of she oaone~can“”ining~ﬂxy@en i&

ﬁmmasureé by paasing the mimtura of gases :ntn aqdilute

iaalut&nﬁ Gf pataasmum iaimda, aoiﬁifylng _a'decampaaa any
?iaaatas ar periadatea faxmad &uriug czaniaatien, and
titratiag the 1iberateﬁ ioéine with a auitabla re&uaing




f_gimo a w’ sclubiun of }mhassium wame*"
 59luLian aciaifieﬂ with ccld dilube hy
¥sulfurio aaid b fora tltrating, and the
;titrata‘ Wiﬁh aistandardi ed aelutian

fsulfate, uaing stareh solu tion as an in

3v¢luma of gas waa»&eterm&ne& by meana 0

,meter” plaﬁeﬁ at:t&a enﬁ ar the azaniza
itotal welghﬁ detar&ineﬂ fram this valum
$Va1ues of tamparatare ana anmaapﬁarie'y
éaantaxniag the potasaium iadide sclubiu
‘in arﬂar to diminzmﬁ, aw elimiaaﬁe aamp
itﬂa laaa of free ioﬂxne by vagoriaation
-pres&uxe of iodine ia mnly 6,8299 at th
the" losa Qf iodina by evaparatian ia n@ : ]
larly if an exeess of iaﬁiae inn is presant to: furm hha 13

faamplax 1nn.

Phe number of eauivalenta of io&mn"““'t"'””f‘.
from tne titration by the scﬁinmNthlosulrata sa“utlan

:aeaorﬁlng to- she equatian:

‘Tﬁua, the valume of sbdium thiasalfate ”Wkéiﬁﬁﬁﬁéédi




3k

number af mcles
the
umber £ grama af

the nnmber af mnlea mf Laﬁine iﬂ alsa the
af ezaae use& to praduea 1%, and multiplia&tigE
'malaaular*weighb ar @zmne (hé) gives th nbes
Tﬂ& tatal weignt»af tha mixture

'fiazane'ana oxygen

ia ﬁeterminaﬁ by raaueing the valume nf\ ygen measareﬁ

?&y‘%be “Wet Teaﬁ?Matar" tw sﬁ&naarﬁ eaa”i jons @f t@nperaturaf

fand F;ﬁssure, &iv aiﬂg by the gram molaa“ arﬂvobﬂmes mﬂlﬁi“

fplyiﬂg by ths moleaﬁlar weight af mxyga
‘ana thirﬁ the weight af ﬁha mﬁaaurea az

”'# hae bsen axpeae&ff

’ £3§3& prgviaualy,'

When air,Ja the saurea af axygen, tne_axit gaaes fram

ytﬁe azanizer cuntain lawmx percentages afvazanelthanxwhen

ftha pure oxvgen iskusedw\ The gasas 3136- aﬂtai small

;amaunta of nitria anhydridm Or nitrwgen@;inﬁezi&e, depen&ing
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on the. voltage used.‘ A deereasa in tha rate of flow increases
vthe amaunt Gf ni%rogen ﬁentoxiée, but. suoh ambuntsuare ral—'
 at1ve1y 1aw ana neea be oonsi&erea anly when examining a
reactien mixtur@ xar small amounﬁs af bynprnaucta, mr-when the
ﬁpreSence af such.axides oausas a catalyti”7effeet on the

‘axidatlon af the eompounaa in the reaeti

Qzone- cancentr&tiaw determinatiana on:ﬁhe T-lz "Ozonatnr“
used in this wark were first made in July, l?h? 6 at a
voltaga of 110 volts, the maximum specified fer tne ‘use of

“oxygan, and With varyxng ratas of leWé“

:he‘pressare‘waa main~fj
tained caﬁstaut at 8 peunds per square 1nch and the tanperahare;'

fof the caoling water remained about 15°0. The ozcne coneen~

trations were as inéicated by the grapn.;fozmne conoantrations
detezmined in May, 1949 at lower flow rates WEre much lawer
(ef- graph)q

In a&dition, a considerable amoant af moiature was faunﬁ
to be ecming fram the "Ozonator". This was det ermi ed by
passing tne ozanewcontaining oxygen ﬁhreugﬁ anhyarbus fwhite)
capper(II) sulfate and noting the change in aolar to the
hyarated {blue) sulfate., Pasaage of. the ozane~containing axygen
.fnrougn a trap 1mmersed in a bath of acetone aﬂd solid carbon
 ﬁ1axide resulted in a consiaerable amount af'water in the
,battam ef the trap after several hours eperation of the ”Gzanata
'or" | Since the’ presence of 1arge amounts or msisture was very
'una931rable in tnis study, this trap was usad for ranoving the

'water from the mixture of azone and axygen duxing ozonizatian
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reactions. HaWQVer, the 1aw eaneantratian of 0zana grc&ueea

by the T~12 "Ozonatar“ evsn at optimam flaw rates was ua-*

aesirable, anﬁ the lattar purtians of tnis stuﬁ;‘were een&uotad

with the aid or a labaratnry ozcnizer which proﬁuaed azane |
cancentratians of 7 to 8 percant.‘

‘Laboratnry Gzoniz@r

The 1aborator¥ azonizét‘uéed duri"mwhe;latter ﬁhasaa

of this werk was a small eempaet ozmni ;amnstructe& far

the purpcse mf groﬁncing a large eonceni"tion nf ozone anﬁ
designed so aa ta ‘take up very little Siyae‘amnce it waa tu
‘be used inside tha hoa&.* Tne ea&enhia :features af thia
:azanizer were patterned after the deslgn fnggeatea by many
praviaua 1nveatigaﬁarslgfl9 bub all af dgfaetora cmnducive'
te a large gercentage azana autput have een incarparated
inta a sligntly new design in oraervtna‘ ;maximum nuﬁput
eould be abtas.nea with the use of minimum émcun‘e. ai’ ayaee.
Since azone prnduetian in a ailent-electriaal«&iaahargaf
type ozenizer 13 greatly affactea by tha type of glasa whiehi
faames in eonﬁaot with the axygen, the tamperature at which

the d:.seharga takes place, and ‘the axtent of the elea‘arad >

aresa, these faetars wera takea into aocaun% in the canstr étion

of the ozonizer.- Wnether due to a nagative catalytia action af

*An excellent review of laborahmry szanizers may be tound in
Organic Synthesas, 26, 63-76 (1946).
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"To Transformer 1’_

To Transformer y— CO, outlet

NRIHR 7N

Laboratory Ozonizer



4Pyrex typa glass, or to a positive aatalytie effaab af

;have faun& that the autpnﬁ at «50“3 ia appr »
Ftimea that abtaiaeé at r@ﬂm tem@erature. Many expari-J
imentersls 19 hawe increaded tha percaat& utput by manneetni

A fthrae of thaae

ling aeveral ezenizer tubes in saries.,»

:efreets weze considereﬁ in the construction of‘the ozonizer
describea below.‘

Tna indiviﬁual ozmnizer tubea‘wer

fstructe& of soft
‘glass tubing, the inner tubes of 12 nm 3 s ﬁubing and the
outer tubes of 22 mm. on;:. tuhiag. ‘vfmzi ets ana nutlets
‘were 8 mm. Q.B. saft glass tubing.  :ﬁ\ at $ 3
tnbing anauld be usea fbr tne ianer tubas 1f the seeoaﬁary
 valtage ar the transfbrmer is less than Beﬂo‘valts.) Any
’aonxentional ring tyye saal may ba uaea} iseal the inn@r

tube to tne outer, since cns anly funct‘ nybf the part abave’ 

the seal ) to. provide some.means Qf‘guk ft»fcr hhe eopper

wire leading to the transfanmer.‘ ﬁith&l hfthe extenaion/shawn
in.Fig. IV is the sama size diameter asv muter tubing, with

a laagth of 3 mim, " 0.D. Pyzax tubing ia,_ngpﬁgzbmne~hala rubber

* outside diameter
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_stappazr used ta auppart the aappar wire,,the extmsicn mag
ﬂsulation af hhe

be any s:.ze ccnsistent w&m J’bh@ ‘amaum; °

‘area may ba ob'baiae&. :

‘rhe oontainer wniah halds me oze-
:emawuctea a:t"f"m xmn. G‘I}. ?f?yrex tumn
and. sls.gntly i’laraﬁ at the 'aap« (a 60?’
: is quite adequate fa:r this purgasag bu

elecﬁz'oae amas) The three @zanﬁ.zmr tub warau helé in plaaei“l

by a auppar‘b on the hattom af this cmnt__ er; cut m siz.a from '

ja pieca cf olay plam and aonﬁainiag thraeholes slighhly

»amaller than the diametar of the am;ar“azanim tzubsm | (3:1‘ a

ncn~aarmsive material 18 to be: used as the ou wr'lale etmae,
kt.bs.a augwrﬁ may be wnvenien’oly uoast;:m ‘bﬁé rram a :Large
“’rubber atapper.} ’I‘m auppar% ah the ‘!:oy.was‘made of th:m,

jtha passaga 93;‘ ‘the cepper wire .‘.eading i om ne transfamar
,tn t*.he aolut&o‘ in |

*.n& aa%mm.. that. 'sem Mel;as ’ma outer '
felaa‘brada"

szn tha ozonizer tubes were in‘place, the top suppors

was- firmly fasteneé to. th@ Pymx QOntam «.b."i‘ mé&;&‘a ,0:8: :ﬁrﬁbbér;;!l
tape whien was then cwered wl th ,frietion tape ﬁo guarﬂ againat
amask of ozone. ‘rhe tubea wem czmatru‘ ted by meema af Tygem



Al
tubing, both ayrex oontainer an& inner ﬁubas waxe fille& with
?;7 M zinc ehlaride solutian an& aapyar wirss laaaing from |
the seean&ary af tne transformar were parmitteﬁ ta ﬁip inta

the elentro&e solutians. {Tha iaaer aleatxbaa may also be

"mercury cr any type of eleotrelytic emnduetarjwhmah will nat

ffreeze at the temperature of the aaalin | The ozanizer

was Ghen placea in a Jarge Dewar vessel/ cntaining a euitable:;
enaling bath, aupported at the top by :um»aize oork ring.?
,The cark ring was fittad'with,an apenin' permit a&&ibion ’L
vaf solld carban ﬁimxida if thﬁ tampﬁrat, :

toa high, and witn anaﬁher opening ta

"’he bath beaama

,t pasaage of a
;law~tamperature tnezmomater to ehack an?ﬁhefﬁempayatuxe ef thaf
bath

Tha transfaxmer used was a. war surpl a”Navy transfarmer,;
oapable of wé@?%mvs a5 115 volts pris

ry;an& ratad at.
0, 095 amps on *ha sacanﬁary. (A ower‘valﬁage«may ba ﬁﬁ@d

;if the diat&nce between eleatrodes is denraaaeﬁf'ecoréingly*f

‘with thefdistance desaribea abave, hawever, na éiaahét@e hook

place at seoandary valtagas lass ﬁhea 8f: hwolta;) 3 "Pewer-

lstat" was used te regulata the voitage hawline$rleadiag,

from tne "Powersﬁat“ to the primary af ransformer were.

fused at 2 amps.‘ The fach. that thsse f‘ *;were quite
adequate indieates taat the amount af ° in% drawn by the
ozcnizer musﬁ have ‘been 1ess thatt O;OE | This azanizer,

whxle taking up no mcre space hhan the war vessel used fer

coaling purpases, eonsistently proaucedwbetween 745 and 8 paruf

cent, by weight, of ozone at a,temperature of ~ue°c and a 60
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kayele saaandary valhage af abaut 10 500 volts.r ihe‘method |
:used t@ determine the canaentration was %ha same aa bnat :
zfnar:a:«:l, tm de%armim the azane :mtpui; of the ‘2—-13 "Gmnamr.

o through the
fpreviously mentianaa arying and purifieatinu train, was pasaed

Tank mxygan, aarerully dxiad hy p&a iga

: ﬁhmugﬁ mae ap@aratua at a flmv rate of ‘5” také ntars par
éixeur, ag inﬂiaamd by tha ”weﬁ Test Nete "

:4L0wer percentage
;Gaaversian waa abtaiﬁa& &t faatar flaw r 930: Binae the

:pmaaotwn af ozme is enhanaad by taigh "easuraa, a aome~
'eating a, presaure

‘a&juahable

,wh&t gr@ater con%rsim waa obtainad h‘

‘differantial acrosa me amnizer by placing an

'clamp em the tubing 1eading frm ﬁha azo zar 'au“tslet. ('Ehié

presaum dapaa&ence ia alaarly indiaate& fy azx pplicatian of

;ﬁha grinciple mf Le Ghaﬁalier ta the aguatian 39 = 203.)

' gemic ané. galag&ea
agaawia oneiaf tha“j*'mesb pawerful exiﬂanh% k:nawn, ami

'E i’facﬁa of Gmae

'.’ws tme ﬁuea notmentail tne xemoval af wntamina&;ing redmtion

_‘,praﬁnots whioh sa oft&n acempany the as £ ather exidants.

;"greatar gopularity
‘ttvribuﬁes whicn make
o -it to be a rather ﬁaa

jFar tm.a r@asan,f_ it has fmmd incmaain
fin ozid&tien atnaias. Hcmavar, vtha ve!
it desirable ‘0'

aggravating taol.

ous fand same_\émat

Beeauaa af ita great reac’biviw, “ozon ne is alsa a very

toxio aubstance, and eonwatratims in ei ]ess af O 15 tsu l 0

‘part per millian a‘f air are e:xtmmely narmful tex ’cha humaxx

bady. Far m‘zia reasan, all reaaticﬂa wer@ earriad out in a.n
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efficient hoad 80 that na ezana ‘was, permittea ta enher the
4labcratory proper.l Tna ozane outlet of the T«lz "Ozmnaﬁor"
iled ﬁireatly inta the hoad through a small hole in tba 5iua
of . tha hood, tha entire aasambly of th’

abnmtory azanimer
‘was plaaed an& was operated in thia hoad |

the hoaa,, 33Veral

manganese diciide in water, was faund % J%}ﬁ,gboﬁ!azaﬂér‘

destroyer. (The action is presumably“e Aiytie, bﬁt a4rurplé"
color was imparted to the suapenslon o  §ganesa diuxide in-
water arber several hours of nznne paasage* this waulﬂ seem -
t0 indioate axidation of manganese dioxiae bo the permanganateg)
calgium nxide wag also usea at times. hut tha mqst satiafactury
thod af destraying naane anﬁ the ane used thraughout hha
major portion of this study consisted of passiag the nffluent
'gasea tbrough two-, 30~inch tswers of eonceatratea sadium hyﬁroxi&e
(or potassium hyaroxida) aolution oanneeted 1n seriea, aaa
taen inzo a bubbling tower of patassium 1odide solutian as a
rinal indication af eamplete ozona éeoompositian. Sinae azane
reaets quantitatively with petassium iediﬁa, thia laat tcwen
served admirably as an. indioator af azane aestruetion as well

aa an additicnal destroyer of the ozone.:
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ﬁzane reaets quaati%atively wiﬁh the &anhla bmnaa

‘in unsaturate& ergania eempounda"thererara~ any rabbar

expaseé ta azane~eonﬁaiaing cxygen ia quiakly at*aaksa.

Fer ﬁhia reaaon, it was&fa&n&ﬂnaaeaéary feplaae all rubber

tublng an& rubbér;stnnﬁera ia aay eguip
;immeéiately aﬁdaaent to) tha homd. ;(?f

ia»an adaitianal

‘ permitting
f(thﬁ 1abnramary )
‘ta aﬁtack by I

’raasan for aestraying all of the ozane
‘the affluent gaaas to aatar th@ atmosph

Tygen tubing~was faund %0 be muita reai

'czane, and was therefare used for all eations~ Graund

glaas stopgered veasele, 1uhri¢atea b nawresiatant

tiena.‘ 811190»9
ifeund ta be an .

"labricants, were usad thraugnoat all ap
'stap eoek greaae, manufaatureﬁ by Eow,

'exoellent ozuaeareaistaﬂt lubrieant'

Ozonization of t-.ne Al};ali anﬂ Al&:aline Marm r»setal ﬂgﬁmxiﬂes l

As haa alreaay besn mentiana&, QﬂB puryase af this
‘ataéy waa ts repeaﬁ, insefar aa péaaible, %he pr@viaus experi~

mental wark of earliar invastigaﬁers.3 Gzene~eantaiaiag 0xygen

'was passed tnrough columns of the’ aalidjﬁldrami>'a of 1ithium,

,aaﬁiam, pataaaiam. cesium, magnesium, ualcium‘

the @xidea of magneaium and ealcium»wer 5 1ready§puwderalike,
but all of the ather nyaroxides wera pulverizad by maana o* an
agate martar and pestle in a moiaﬁuraufrae atmnsphere. (Rubid~
fum hydroxi&e was nat used in thia atudy, 1% was felt that 1ts
’behavior ahould be quite similar ta ﬁhat af potassium and cesium,
‘and little more wculd be ga;neﬁ fram the 1nvestigati¢n of

rubidium "ozonata”.)



it-ﬁt

Tne nyéraxldea of “the alkali ana alkalina&eartu.metala

axe hygroscepic. those of saaxum, potaas&"f, rubidium,aaad
keesmum being partioularly so.' Tar tn&a raaSQQ, the hv&raxides

air«tight "dry hmx" ;

af thase memals were pulvarizea withiavan

which aantained phnsyhaxus pentoxiﬁe an *maﬁneéiam pevahlara%ef

'aa &rying agenta, anﬁ whieh waa fitted étwo,rmbbar gloves )

‘sealed to openmnga in the sides of the fy which manuai
" elaetrie ugm

uffor.manipulationaq

operationa iaside tha héx ooul& be-aampl
Ln$ide tha bax pravidaﬁ thﬁ necesearyri
'This "dry bamﬂ'was alsa equippea with feh“and autlat farg
passage of dry nltrogen ar same mthar.u aaﬁive gas in arderw

to maintain an inert atmnaphere 1nsiﬁafthe*bbx.f In adaitian E

to using tne "dry bax" far pulverizing_thaphy&roxidee, all

ogeratlons 1nv01ving tne han&ling af any f the samplas, auah;
'ms transferring samples, remcving pra&uwts,"preparing samplesf
for magnetic or gasometric analyses, eta., were oarried aut
in the moisture-free atmssphere inside.

%he eells used for the azonization}af tna f‘Viﬁ*'

'hy&roxi&es were of o aifreren$ types, dependiag on %he
’intenﬁed purpose (Fig. III}. The uell in Whigh hydroxida
pellets ar flakes were ozanatad oansiat d‘m ely 0: a famrly,f
 1arge dlameter tube (25 to 20 mm. 0. D¢)
fitted at one end with. a 29/4? or “g/ao
joint an& sealed at the other en& to a length af eapillary

-Pyrex braﬂﬁ glaaa,
;nd glass male

’bore (l to 2 mm. I n.*) Pyrex.tnbing tha} wag bent upwar&a in,

*inside dlameter



E — Potassium lodide

Figure T Ozonization Apparatus with Ozone Destroying Train.
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ﬂ‘Sha@Q (B 9f ?is~ III).A To tha male aoxnt en ‘this tubaj
'waa fitted a cap conaiating of a groum& glaaa famale jOlnt?

iaf the size ana taper carraspnnding to thﬁ malé 3cint, end
saaled ta a shurt length af 8 mm. e.ﬁ¢ Pyrax tubing. Witn<

}this apgaratus it was yeasibis ta havel" 'zane»containing
or *flakes frcm

‘ahapa af tnis-f

 axygen paas thxough tha hyér@xi&a pelle
eithar the top ox bbhtum af the calumn.
,azanizasion vessal was sa ﬁesignad in ar' tnat ozonizatxans

ia a bath af any deair@d temperature osulﬁ o gerfaxmed* Euq

all eaaes, gla&s wa@l waa ylaeed at the ﬁtom aad tap af the
hydzexida column in ox&er ta praveat el_gging af tha eas

inlat mr outlet.

Tuta type of ozoulzation vessol wes also used for

tiened glasa wool trapa sa tnat the hydroxiées eaula not be |
carried meunaaically fram tha @@11 by the issuing gasea.L
Gzanizahi@n of pulvﬁrige& hydroxldea 1n suah a vasseltwaa

'round to acquira the problem of "chmmeling" when the flow of

azone»aantaining axygen waa ‘in' the airectian af" raviﬁy, Loy

fram the top to ‘the bottom af the oalumn.1 v» w;aming gages
picked eertain‘“chanﬂela" of leasb resistane@ in gﬂing thrﬁugh
the powﬁer column, anﬁ many a*eas Were noﬁ abla to ceme in
aontaat with the ozana. This di”ficulty was partially avareame
by periadically reversing the gaa flaw and parmitting tha gaaes;
?tc go up thraugn the aalumn fram battam to tqp._ Thia method |

‘averaame the aifficulty af "ananneling" but presaataﬁ the



'aﬁditienal yreblem of mechaﬂinally oarrying af th@
E y&r@xiée rra@ the cell by‘ﬁnaﬂefflueat gasea unlesa ‘the
’thea nyamxme.j

 &1&$3 wcml plug was of auffiaient aiae %‘ trap

&aa&her type af vessel usea in amo. ting Hulverized

ifilter at t&é bottam af the oell.whieh f ’
;sﬁiﬁg gééés.
tere&*with thia
‘ “‘j’z“hefmmma of

fporasivy to garmitgtha rayia gaasage

fTha pxmblem of .nnalingﬁfwas:alaa an

ﬁeall bat ta a 1aeaer extent tnanvin th
7raversing tne flow nr ozanewcnataining
1witn tﬁia aell baeauae af the eatalyti_

’gen'was nob feasible

compasitian af ﬁhe

_‘nztme by the sharg eﬂgaa er the smtam& laaé filtar, Hawevaxf,

\the flow was aften r@versea ln order ﬁa aeatray_fhe "eh&nnels"

nreated by'the»gases in flawing in the ﬁirgatinn of gravity.

hydroxiﬂe waa aolared yellaw. with oceaaianal patohas af

'arange. potassium hydraxida was calnred aeep orange, ana
cesium hyﬁroxide waa ealorea a aark orange~reﬁ nr deep red,f_
dependiag upon thﬁ aegree af hy&ratian 0 itha’hyaroxide &nﬁ :

extant cf aznnxzahion. ~Barium hydroxideﬁ,yﬁrate waa oolaraa
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a pala ye}.lw-pink unaer the eame oonditims, ﬁﬁt} the

,hydraxide ef lithium, ealcium ana magnesium ap éﬁtiyﬁ—

xamainad uncalarati by the ozona ¥ eve& trmugn thav aecamw

j paseﬁ the amaa :Lnto axy&ex&. Iﬁagnesiuni de g@ﬁr"'vaalolum.
3oxide wera imparvioua ta aﬁhack by azaa,

'rhe effect of v;at.ar on the x'eaetien was‘ quite prmamwad,

oﬁam were i’irst
e, both in mllet
n 5 and lO per»

AL of the hyﬁrexidea that were cnloré
;:utilizeﬁ in hydrated fcm. Saﬁium hydr’

‘ana flaka form, was fmm& w contain be,

cent Wa‘uer, b:,r weight, presumably in th mfa;’f una mono«-
bx;iginally useé.

ight; pereent water ,\”‘

,hyﬁrate. ”x‘he potassimn hydraxide whiah
'was faund to cantain between 15 and 20
and the eesium hyﬁroxiﬁe was present en 'mly as %:.ma mano- ’

nyfirate, o::mtaining between 10 ami ?5 per yntz, by weight,

of water. . The hyc‘irated hyémxides ware wen mom raaﬂily

'attackea by ozone than the annyaruus nyaroxiasa”'

‘bhe dehydrated barium hyamxide was xwt acloxe g tbﬁa 62511&!»
stream ai'. roewm tempex'atuw, :mly the hydrawé i’em was
’affecteﬁ. 'ﬁw f,'w te»r of hyaratmn was apgaremtly raleaaad

'_during the reaat:.ensk of the varmus hyﬁraxida hyarataa with

oztme. In all cases where the hydr&ted ma ‘riala ware neeﬁ,,

draps af water appeared alcmg the walls £ {:thef veasel
naarest the points of greatest cmloro _ Y,‘l’nat this moiamra

‘must hav’e eome from the starting mater‘fal ma shwm b,v

‘removing all ather possible aourees of m isyture, ﬁ.g., ‘sha Ery

Ice Lrap removad all maisture coming from the "azanawr" A’&fih:e_n;,



’,'50."1
the denydra%ed hyﬁr@xldes were nsed as startiug materiala,

the. draplets ef waher ware nat in evidence. Thia faeu wauld

1ena weight ﬁa the ﬁhaary that ﬁha'mnisture waa due ta water

&f hydratian baing liberatea &uring tﬁ@ eaurse ef the reaation; 
Barium hyﬁrexide outahydrata was dehyﬁratea by the azenenjt

aantainlng oxygen duxing t&e aaaxse ox f e eaetian* ﬁhim was

inﬁiaate& by a.change frnm a crysuallin enm t@ a pawder;

tnaugh’hydration dia not appear to- &nfavarably

influenea the cmaxsa ef tha raaeti&n, | 1Ve mmiature

cauaea tha resulting patassium and aeai znnataa“ to be
'quite uﬁstabla, with the result that thei fﬁmlcraﬁiana sooa

Lvanishaﬁ after the aaur@e of azane was remcved, aoainm

hydroxide "azonat&"- on. the otker nand,wﬂapeared te ba cam-
paratively atable even in the preaenae of a aonsiderable

anount of.maistur@. ﬁewever, when striatly anhyﬁrsua eenditiens

were maintained by pasaing tha nzanemcenﬁainingwoxygen thrcugh

a columa of magnesium parcnlorate befere parmitting it ta
_raach the hydrated hyd:bxiﬁes, no reactian toak plaoe, or at

leasﬁ 1t taok ylaaa sm slwwly as ta be unhbsarvable, This

,axperiment w&s repeated aeveral times, using the hydraxiéeak

of sodium, patassium aﬁd\cesium, and in every case the camplatef 

drying of tha ezcne atream raaulted in\“",aek ar ealoration

of the hydrcxmeﬂ. In order to astablish - that thls 1am: of

oolcratian was nat due ta tne decompeaitibn‘of the oz&ne by
_magnesium perchlaraﬁe, tne iasuing gasaa Were passed over a§
moiat sample of the eorrespending hydraxide, or 1nta a

aolution of potassium lodide, after laavxng the azonizatian 
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vesselg ‘that these effluent gases ucntainea ozane was
definitely indicateﬁ by ‘the aolaratian of tne maist

‘hy&xaxi&a or by l&beratian af ioﬁine fram‘thé patasaium

iodide saluticn, dspending upon. the ﬁast | Thege mbserng

vatxans can only be explaineﬁ an the as umptianftnat a traae%
of moistura is naaeasary tu catalyze th eaatian betwean
ozone and the nyaxmxide hydratea ef god ‘pmtaasium. an&
3cesium. Na reactian was note& when parti ular eare waa

ftaken to exolude moistura, partioularly ‘hen the hydraxida
um“parchlurate,

hh to 5 haurs.

:was ”sandwiehed” betwean layers of magn
even after a periad of ozonization tima

The stability of the bydrated aik‘ i meml "czanates”

 was foun& t0 decrease, suryrisingly anbugh, in the or&er

sodium, aesium, potaasium, Tne aclor cf:theﬁpotassium
 “azanate" was faund tc disappear w1thin a few haura after
ozcnizatian at room temperature, even whwn kapt in a alosed,
veasel, leaving nnly a pale yellew celar after h to i2 h&ura,
and this color also diaaypeareﬁ after twa cr thrae dass.: ?he

crange»red eclor of azonatad ceaium hydroxide‘ml*ohydrata

disappeared within a few daya of atan&ing at rcom temparature,‘
leaving qnly a.yellOW~orange color. The eorraspcnding

‘sodium.campound, an tne other hand, rsmaiae& apparently

‘unchanged far a period cf at least a year“an&»a half' ozonateﬁ

'saaium hydroxide which ha& been atan&ing a;?ramn temperature in
:a closed vessel for 18 months showed nc agparent lasa in oalar
;ever that pem&oa of time, Tne éecompusitian af the cesium

!and patassium.eempaunds was retaraed by 19wer tem;eratures.
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The rate at whieh azanizaﬁiea of the anhydraua

hyarﬁxiﬁes prnceeded wma quite aifferent fram the rata at
jwhicn tne raactien cf ezane witn the nyﬁrated materiala

3took place. As has bean mentianeﬁ aarlier;_thffhydrate&

;hy&rbxiﬂee of sadium, yataaalum, an& cesiumiwera aolcrea

-almaaﬁ'fmmediately by a sﬁraam uf azcneu

iraﬁ passaﬁ

ggrcvi&e& tha& tne ineaming gaaes weratnn
fthrough a aenydrating agenh sueh as ‘magn un yerahlarateg
intly nnﬁer theae

ahy&mated materialsmfj

5Barium hyﬁr@xiﬁe,aatahydrate was cblaxw&
aanﬂitisna, alt&ough nat so ragiﬁiyq f

\an tha ather hand, rﬁaaﬁe&‘with mzone - ‘v~'3slewmr«rate,

yin.faat, anhyﬁroua barium ngﬁraxide ga
ahemiual raaatia”fwhen tha ozane~oontain MF"
%hrangh ity Dehydrated aodium hydrcxlﬂe

'faintly by the Qzeae after'an sxposurera -ivekhours. Potassaj

.ium hyﬁraxiﬁe, after Qahyﬁration in a sb Mf"

f@he hyﬁrated material» Gesium hyarotide &
‘at aso°a and ﬁhen

Kozana, but at a

in a niekel cruclble in aa inart atmosph
‘pulvar&zed, was oolared quite ra@idly
nerceptibly alcwer rate hhan was the‘m
'vatian’7lana addeﬁ weighh to the paatul_

L?drate, Tnase obsar-\ﬁ
;;that tha uzonizatian:‘

,reacticn ia catalyzed by water.,

*The hyﬁr@xiaes br aedium, pabassium, ana caaium'Were dehydrate&
in a muffle furnace at 250°, . 300°, and 450%, reapeetiva1y¢ e
Cort; inued pessage of dry nitragan éuringﬁthe dehydration process
‘prevented both absorption of atmospherig: carbon dloxide as well

as attack of the conteining vegsel by alr., A nickel crucible was
used to contain the hydroxides, although it was attacked to some
extents Cesium hydroxide, although heatéd in the inert atmosphere,
attacked Fyrex glass and silver at 400-5009C to such an extent
that these materials.could not be used for .containers,
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An exeeasive amcunv ef maistura proveﬂ to be ag’ &etrin

mental to bhe gxoaactian of alkali mesal;ﬂazenatea" as was thej*

camplete absence af Water.‘ Althaugh tn cﬂium?‘ampauaa &ia
“nat rea&ily lose ita aolor in the presenoe af a%ﬁlight exaesa

of mnisture, a large exeeas deaalarizeé:ft‘qulte rapmaly, the

leerreaponﬁiﬂg petasaium and eesium aompeunﬁé}ﬁeaampaaed ratherT

‘qnlckly in the presenee of even a slighi xnesa of’waﬁer.: Tha‘

;exteat to which the revexae approach, 1, @zonizati&n of

oty

'cancentrate& hyéroxi&e solutioas, toak a@ waa quita diff—
erent, hswever.‘ Highly cancentratea (1. ‘s0] ‘ : ' 
and potassium wera ealared yellow by om e~eontaining axygen

at temparaturea of ~a0 to »50”0, but sadium hydraxiae saluhiaas ~

aontainxng 20 per cent soluﬁe remaineéluncalore& at even
'lcwer temperatures.f 1am potassium hydroxmae sblutiuns were
aolared yellow by the czcae»cantaining atream at temneratares‘
aﬁ high as -35“6, hut ‘the cmrrespendiag aesxum salutians were
nat colored until a temparature of ~51~S°G was reaaheé.‘ The
colar of thesa salutiuns disagpeara& when tkm temyerature waa
penmitﬁed to rise above these values, whan the temperature

was maintalned below tnese values, %ha eelor of tba salutiana

'persistad for 20 ta 30 minutes after removal‘o _ he aeurue af

czana. In every case, the aolcratien was yrece&ea by a parbial 5

'*Piokeringz has reporte& the lowest euteatic temperature uf a

sodium hydroxide-water system as being =32°C at a concentration
of 120 per cent sodium hydroxide., However, a 20 per’ cent sel~ &
ution of sodium hydroxide was made to oxist as low as ~60°0,
wi thout freezing, by cooling the solution gredually while ozane~;
naataxniag oXygen was. pesgsed into the salution. : “



erystallizabimn ef tha salute ouﬁ of tn@ salutica as a>resu1t

jaf the ﬁeareasaﬁ solubility at these lﬁw tamparatures. Thia

Tindieat“s that the calaratian may Passibly hav 5'aen aua ta

jrﬁaahion between azana and the suagended {seli_ partiale&‘

7&uantitativs magnetic stuﬁiaa at ﬁheﬁe p/fname1 4were maae,

;anﬁ.wiil be described iu th& seetlon ﬂaaling”witﬂ the qaantia

tativg aageata ”f'thia prablem.

The effeat 9fktempe£atﬁxa on. betn kS fbrﬁatien .and

?aaeam@asition of tne "oaonatea" was. ia‘ ,Hbe qulta eonais~

.tant with tha expeataa kiﬁetie asyeeta he prablam.x All af:

:tha alkali metal “azanates“ deeomposed a ‘bign;r temp@ratures;

jwitn tha aeaampaainiun tamperﬂture inaxe sing raughly in the :

same omer aﬂ the atom:te waighﬁ af t.hex ' ‘ i}atﬁar worﬁs,
the casium aompuuné was. anly slawly ﬁeanm@osea with evolutiun,
, f mxygen at ﬁhe temperature or bailing watew_ whareas the

aeaium aampound decampaaad muah faster at? his tempexaturea

The farmaticn of the “azsnatea" appeareﬁ taigo faatar at roam :

temperature thaa at lower ﬁ@mperaturaa, even thaugh tha color

‘dieapyeared faster when tha mzane aaurce 's‘remaVed* At

'temperaturas beloW'»70“C, tﬁa reaebion wa 'snlslow as bn be

,almsat unabaervable, buﬁ vary little deéa@pcsitian wag . nated
in the aompaunds that ware farmaa at, theae temperatures,, This |
muak maan that tne fonmatian ana aecam@oaibion of the "mzcnahea"
‘are campehiag reaetiuns, the exﬁent or veloaity af each being
_ﬁetexmiaed to a lamge extent by the tempexature at whieh the

reactian was permitted ta yroeaed.h



Chem 1ca Rﬁaeticns of the "Gzonates“
Tha azanats& hydréxides of sgdium, patasaium, aeaiam '

and barmum shawed very little ehemleal aativity; their
shemieal aotivxty appeare& ta be eanfined largely to
ﬁecampoaitiaa reaetlana Qr tu reaetlaus 1nvblving tne unre-r

-aeteﬁ hy&rexidea. Tney did not react with pyriaina, earban ;

teﬁrachlariﬁe, benzene. &r ﬁioxana, a ualnr reacticn betwean

nitrobenzene and sodium "ozonate" was proved t

the reaction between nitrobenzene and soﬁium i

Similarly‘ 8 eolor reac%ian witn etnyl alconol

due to éidolfeondensation with aldehyde impurit es

alcahol. The "ezonatas" deeampaseﬁ witn evolutian ar bxygen

splint test was used ta deteot thﬁ 11ber ' d_uxygan, teshs

with stareh-ioﬂids paper shcwed that %he hiberatad gaaes aid

not contaln ezone.) The reaction*wzth_aoidified patasaium

iedide salution differeﬁ,with the dlfferentrﬁozonates";

cesium hydraxiﬁa monohydraﬁe which had been ozenated at

raam.tamperabure llberated a small amountl f free iodine vhen 
addeﬁ to acldifleﬁ potassium iodide solution, but a samewnat
1arger a&ount of iodine waa obtainea whan the test was run an;

sesium hydroxide which had ‘been ozanateﬁ at aboub »30° tb -aoﬁa,
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and an aven amaller amaunt af 1adine was faxme@ when the
»test w&a run cn eaaium “azaaate“ wﬁieh haﬁ baea prap&rea &z

| ‘&c"a. In eacm

iaase, ﬁhé “aznnabe“ was waaha& well with éry

 remaineﬁ.~ ?ntaaaium.hyﬁrmxide‘whieh ha
L;uzsma»eam;aiﬁing Xy gel oM
;amall, barely gerceptible, amount of i} ‘
;eonditiwas* 1n faaﬁ the iadina liberat;
fby aomparing tme rasultant aolar withlt » ‘blar
lconaisbing ar an equivalent amnunt of nﬂn~1€anated peta&sium
jhydxoxiﬁa in an identical amaunt of aciéifiea pa%asaium 10&166:

vsolusiong f(A aimilar blank waa used in 7very ease where the

%amount of 1mﬁina 1ibﬁrated waa small ) tasaium ﬁydrﬂxiﬁe .

;whithnaﬁ ba&n nzanateﬁ at abaut ~50°G erateﬁfa consider~
:ably lmrger amaunﬁ of iaaine, but sodium{;nzonata" failed
faomgletsly %@ oxi&iaa aeiaifiad patassium icdi&e; this
;obaervatian was repe&%eﬂ witﬁ ﬂifferenﬁ samplas on at leaat
]twanty ecaasiana in ardér ta definitely eahabliah this fact.
?ﬁnly a very faint traee;af in&ine was neteﬁ aftar a&dibien tc
 &¢1&1£&9& gotasaium 10&1&&solutioncfsodlmnnydrnxiae whicn
ihad been exgased ts ozone»containing wxygeﬂ at ~5G° to ~60°0.
i(In avery caae, tha resulhing selntien waa teated with litmus
ipager to maka aextain thet the aalubicn waa aaiﬁia.) Sadium
.”ozonate" wﬂieh had appareatly xemained stabla fsr at 1eaat
:a year anﬁ a nalf libe:ated no. inéine fram aciﬂifieﬁ potaasium_

iadi&e aolut&oh.
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In almost every instanca where tne aatian of tha
ozonatad hyarmxides on acidifiad gutasaium icﬁide saluhiaa
-was investigated, specifxc taat ror paroxide waﬂ ¢an~
‘ducted on another gqxtion of the sample.g Bt nn time was a

gositive pervxide test abserveﬁ on s&mples af sndium hydroxide

"ozaaate", either on samples wnien had ‘eod ror over a yaar
“at roam tamperature or on freshly prspared semplea._ Part~

ially hydrated potaesium hydroxide whiaﬁ?haa been ozonated

at room temperature gave a negativa peraxiﬁﬁ test immeﬁia%ely

after preparatian, the potassium campmuna deealoxdzed aa

,rapidly upon atan&;ng, however, thaﬁ tna esults af peraxiae

tests were not cansiﬂaxed representativa., Ozonabed eeaium |
nyaroxide mononydrate gave a negative peroxide test arter j
atanding far a w¢ek, as well as immediacely after preparatimn.
(3omewhat aifferanh behavlor was nctad in the 1iquid ammonia
extraaticn studies, these cbsarvationa are dascribea in the
follawing aectlan.)”

Agaln, as was the case with the 1odide tesbs, thess
abservations were repeatea well over twenty times,.uaing %wa
 different pex@xzde tests, .in araer te definitely eaﬁablish
the absence of poroxide. That the tests themsalves were aot
in error was eatahllshea by adding one or twa amall granulaa
‘ar scdium peroxide to the sclutions w&ieh remaineﬁ afﬁer
running the peraxide tests on the "ozomates"- in every casa. this
'tiny amount of peroxias was suffieient td*préauea tbe yoaitiva

eolcr tests that a very 1arge sample af "ozanaba“ oaula noh
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iprnauﬁe» (The reaul%iﬂg amlut&ans were always&mastaﬁ with
1itmus baaause ‘the testa wﬁll nat wark Qﬁ alkaline‘ur neutral
so&utions¢)

Twe speeifi :taats far p&r&xides wera*uaa‘«thraugheat
~this study; (l

‘.iof ﬁeteeting
At761661 per ﬁent,23

he;ﬂerahramie auid ﬁaat

Q.z mg. @f ger Xiﬁe in eoaeentrations

auﬁaisﬁe& af diﬂ‘alviag tﬁe "ma@nata"

;exaaﬁa of ica-'

nal& aulfﬂria éa ﬁ,laﬁding mne drmp af Mlﬁ p@r aenﬁ
1%0

} tﬁe pertita&ic

patassium.enromate aalution anﬁ aﬁding & exnraot any

1perehramie aciﬁ* tnat mignt ba farmed, g
auiﬁ test, eapable af deteaﬁiag ﬂne parﬁ wf‘peruxi&e iﬁ
1,&:00 00,7 23 i.nvalvad m«arely the adﬁi ‘
ef a aalutian af tit&niumixv) sulfate

af a amall amaunﬁ
n dilute aulfuric |
Vaaiﬁ ta a eald solutiun of hha “uzonaﬁ' infan exaeaa af ailuta
’aulfurin aciﬁ;i‘The perehramie mid etnf snlutlan haa a blne

nomr ‘wman ia' viaibla in ﬁilu‘aims of 1 m 40,

:kOQ“M?hnwever.r
the parchramia aaid is quite unstahle and &ecompases guickly |
iﬁ aquaaua solutien, whereaa the gertitanie aeia 13 a yelloW*;

orange campounﬁ which 1s insolubla in ether but is much<more :

atable in agueanﬁ salutioa tnan is she erchramia aeid., Both

taata are apeaifia for peréxm&e aiaae tnay involve the raplaa~ ;
iug nf aa;axygea atam in ths xaspaetive Vi&ajby a peraxide |

groupa5, ratber than any inareaaa ia exidatian state or the mebal;

*Whe fonmula for garenramio aciﬁ is gﬁeartaln, bat the most
ewmmonly aeaepted fommula is ﬁ26r05.

**?reparaa by fusing titanium(IV) oxide with potassium gyro-
gulfate and dissolving the melt in c¢old sulfuric acid.
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bince no peroxide was farmeﬁ vhen tha frashly pr@pared
"ozonaﬁes"*were dissolvea in cold, dilute aulruria auid, ﬁhe
‘hypathesis of Baeyer ana Villiger ; that th@ &irect pruduchs
of ozonizatiaa of alkali,metal hy&roxidaa

'are sapermxi&es,

is npen to Qaaation‘ Furtnenmore, aamples of', dium "mzﬁmate" 

whion naa stood ia tigntly atopperea vesaela at rcam.temperw"

.ature for aver a year dld not give paai 'peraxiae tasta'

the:cefam, thaaSe subsmnaes could not hav aaxranm& (ur |
decempcseﬁ), on stanﬂing at raom.temper rs, ts sodium smpernf

axiﬁe. Tne negative peraxida tests obs rved on aamplas af

ozonabed gotassium and cesium hydrexi&e hich haﬁ snmad at

&oom temperature for aeveral days in&icata that any auparw ;

ajamonnta, aince
d@ is sufficient ta »
give a yellew ecloration with a selutian af titanium(IV)

cxide must have been preaent ia very mi

one or’twc amall granules af so&ium Qer}

sulfate in dilute sulfurle aeid.

Gomparlng the ‘results of the pertitania aciﬁ (and per~
ozu-omie acid) tests and the acidified potassium iadiﬁe heeta,
ane is immediately strusk bs the fact thaﬁ tna azanatea
»hydroxides of cesium and potassium cantaxn a aompounﬁ wnioh is
ot suffieient strength to oxldize hy&riodiq ani&. but which_
is neitner peroxiae nar saperoxide. Same addiﬁional infor*q
.gatlon was derived from the already mentzoned experimenﬁal
ehaervations tnat ozonentreate& sodium hy&roxide evalved
molecdlér oxygen ugon dacomposition, but éia noﬁ axidize
hydrioﬁic acid and gava negative peroxiée taata; although |
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potasaiumkanﬁ casium "ezonatea“'whieﬁ naﬁ been yraparaﬁ
'at,ream temperatura libwraﬁed smail Quantitias af 1aﬂiae
unéer tha aame cwné tiana, luw tamp@rature mznnizatlaﬁ af
‘these hy&roxldas praauaea‘cmmgaun&s whiaﬁ apgeareé te be
xriaher in a substanea whieh oxi@izaa iaﬁida ian. In adﬁitian
to ﬁhese observatianaa 1h waa f@ﬁﬂd ﬁhat7the saluhinna whiah

;ramamnea aftar aisaalving aaonataa eaaium aaﬂ pat&%aium \

T&ydraxideﬁ in waﬁer ar asi& salutxoﬂ wé themae ;
_ar exidizing aaidiiieﬁ pataaaiﬂm iaﬂiﬁa ;’ uhiug;Heven |
Shough the Gorrespond ing sodlun scluﬁiaﬁﬂ aid not show this
ftype af behaviax. SGlntians af uha fraat y pregare& ozanates,
;wﬁen t@sted immaaiately aftwr tha aalut a&Uﬂissolved, ﬁi&

Qnat aantain hy&rogeﬂ p@raxiaa¢ Whaa thﬁ reai&ue remaining

faftar sevezal repeated azanizahisas aﬂﬁ _iquid ammania

1exbraetiena of yartially aehyérated oasmumvhydraxide “ozanahe” .

'eavering a @eriaﬂ af abant fiva days, was aissalved ia water
';i sulfate in sulfurio

fanﬂ teshed wita a aolutimn of titanxum(;
aai&, tr&eea of hydrogen per@xiae were indieated (efy follaw~-
ﬁag saatiwm).,

Theae obaervatimna can beat be. ezplainea cn tﬁe asaumption5
that at leasﬁ twn ﬁifferenﬁ campounﬁa are farme& aa a result.

‘af the acti&n af nzaae af the alkali mea” fhyéraxiaes, nna

lor wnieh eva1Vea moleeular oxygea upan deaomgmaitian but which
_daes not 1iberate iadine fram acx&ified gatasslum 10&1&9
solutioa, -and the ather wniah doaa azid&ze iediae ion, ”hesa;

abservations alau indicata ﬁhat the eampaun& which
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1iberates ioﬁina from nydriodic aaiﬁ is farmed in 1&rger
‘amaunts at 1awer temperatures. rurthermore, the oxiﬁizing
pcwer of the selutiwns remalning aft@r ad&itian of cesium

or gotassium “nzanatea" to water or. nid'salutimn aeams tm

indicate that the compound-which has the’gawer to oxiéize
‘ieaiie ion is swmewhat stable in soluti

Qu&ntﬁ. tative
expeximents to ﬁatermina th@ nature af; ‘e eamponnds wexs
ccnduoted aad.will be ﬁesaribed in a l&t,a,aﬁcﬁloaa~

Solubilibz of the "onnatea"~

Xnasmucn as tne ‘reaction batwaen a"”fefand %he alkali

metal hy&rcxidea is. a aurfaca phanomanon tne anly hape for

btaining reasmnably pure compounds.was '“fina a 301Vent
whioh wonld elther (l) extragt the eolared 9raduet buh nat

the unreacted porhioas af the ozaaate& mimture, ar (2}

dissalve tha unreacﬁe& poxticns of th@ maxture and leave -
behind the colore& produeta. Xt was hapad that perhapa alaahcl
‘wculd serve. in the latter nanacity, buh it waa found that,
‘althougn sodiuﬁ\"azanate" ata aot aeacmgase nox éisaolve in
anhydraus etnyl alcohal, the extenﬁ to whieh tne unreactaﬁ
‘hydraxide dissolved was nat sufficient to render thia methodé-
X feasible oneg Furthenmmre, the variaus “oaanates“ were
 rouna to be insolable ia anhyéraus pyriﬁine, &103&&6, aarbanﬁ
‘tetracnlorlde, benzene, an& etﬁyl ether. wnen azone*treatedf
sedium.hydraxide which had been prepareﬁ at rmom.ﬁea@erature,
was aﬁaed to 1iquid ammonia, na colax~waa extraate&. ﬁawaver.

°when lxquid ammania waa a&ded t0 a sample af ﬁzone~treateﬁ



'62;1
patassium nyaroxida whieh ha& heen freshly grepared at raam
;temyarature, a ﬁﬁfinxte brange~rea cglaration was 1mparte&

‘ta the liquiﬁ ammania, thua iﬂaieatlng emth&r a reaetian ef

’af tne colared
aaéfiltere&

’partlan by ?hea tnis red s ?#ib

;“ram tb& insaluble material* and evapa'* ta'&ryneéé, a
'reﬁ erysballine‘aoliﬁ waa abtained‘  ? as appareﬂtly the
rﬂikalsmii, aaa
ﬁait4anvof acidifie

‘ulteé in the

faamﬁ prmduaﬁ reg uté& by Kazarnavskiig;
’Aaletsaval@ as /aving tae farmula,xeg.‘
;gatasaium iadide solutian na this solivﬁ
:llbsratian of a couai&arable amaﬁnt nf £ ”’fioaine, whan a

partiaﬂ of thia samyle waa adae& tn aalﬁ ailute sul?uria aaid
_and 1 ml. of a salutian of titanium(fv fate in sulfuria
;s inﬁieaﬁeﬁ

'Lhat the rad prﬁduat di& aat aontain pot asium superaxi&e or

aeid a&daa, no ealaration waﬁ abserveé

’pauassium perbxide &mmeﬁiataly after prep;‘abian¢ It decam« ,

gaseﬁ rapiély with libaraﬁian of oxygea in‘the prﬂaenae of
‘watar ar aoid, ana the resultiag acldie snlutien was founﬂ 0
aonbain a subatanne whiah oxidized nyﬁriaﬁic aeid to frae
iadina. These obaervatians agreed with ﬁhose regorted earlier
;ln thxa study en the ozonated mix%urasg

Iu arﬁer ba establisn whether ar not tn@ red solution was

,due ta bhe reactioa betwaen ammcnia an& any residual ozone that

*"ha extractiaa atudiee were carrieﬂ aat in an apparatus such aa :
‘i3 shown in Fig. V. A detailed desceription of the techniques :
invplved is included in the seonion dealing with the quantitative
‘aSpeeta of the yroblem.



may &ava remainea on the azmnateﬂ hy&rvxide, a stream of
Aazane“aantaiﬁing axygen was, bubbled bhrough liqaia ammonia

at -70%,.- The liquiﬁ ammoaia Was sacn colaraﬁ a bwigﬂt

':srangenred by the ezone, but the calor aaan di: peared whan

the tcmperature was parﬂitted ta risa abavejjf?wx“;aThé‘

_red solution reaultxng from thraetxan ﬂotaaszum “umona&e#{

with liqus.a ammonia, on the other hand, tained its color

:'thrmughaut the antire process of avaporaﬁioh‘(-BB ﬁ).v_ ,hﬁsj{

indioatea tahat the WO solutions wera nat me same. Furtner-;‘ii'

}mare, evapcratlon ta éryneas nf the 030' ed ammonxa pro-x;

duced a wh;te subatance waxaﬁ gave a yo {ve “brown ring“ test;
fsr nitrate icn &ﬁd whlch prave& Lo badprimarily ammanium
nitrate. ”ﬂls~ab$ervatiom agrees with th& observatians of
%anehatlg and of btreeker an& Thlanamanll; Gn& muat canaluae,

tnan, that thu red solid was extracte& fram tﬁe “ozanate" by

the liqnid annanza and wds presumably the nmtéssium ”azanide“
' repartaa by Kazarncvskim, ﬂikolskii, an& ﬁbletsava15
‘vrather*rough qnantitabmve determination cn tﬁls re& solid,
 wi11&be éeseribeﬁ

;vnigh ggpears to canfinm.ﬁaeir hypath@$¥;ﬂ

in the aeetion on the quantitative aspecta 0f’t36‘§r0blam.

The salid material remaining on tha sinterea gxass flltar

v&fter eatractioa of tha potasaium csmpauna wmth 1iquia

ammonza was naﬁ uacclored.)_”he extraetion proeeas waa caﬁ~

~tinued until the amonia came through the filter unc.aloreé.,
ffi.a‘, untll hhe ex%racti&n waa apparentl” anleta; bne nmn~

gextractable material remaxnxng on the‘fA__ r'waa colored a



6l
.falﬂt y@llow-orange.‘ mﬁﬁitiun ef this rmaxduefu; S

Hpntassium isdiﬂe salution resulte& ln tna 11berauion nf a traee
Qf iOﬁLﬂﬂ, but a p&ychramiﬁ acid heah faﬁleﬂ t‘

;s ma~arial was

tha pzaaeﬁce of supernxi&e or @eraziae,
; ’t@e& h@ ataad at

;tﬁen §1aeea 1n;f'elasaa vessel ané was g

‘raam tem@erature far abaut<twa weeka. 5 rhiona wa&a with&

¥

iﬁrawauggnidaiﬁa ly. ana teataﬂ fcr axiﬁim ng‘yo,vr ana for

aberaxidé. ln e{ery’aaae seaﬁed, tne aam
*fram aei&if&e& pmtaa ium indide ssluti

1§baraﬁﬁ& iodmaa
i# na caaa'was
a paait&?e paroxi&e best abservad* tni , _', H R ;
made nn a raﬁher 1&3@9 pwrtian\w%iaﬁ haa qaggfaﬁgﬁwéfﬁégkgg
;ﬁn@refare, any amauat of auyeroxiﬁe Qrk "%imnat'hé?é‘ﬁéen
3ex%ramely small,* Thaaa abaarvaticns aypear to subs%ﬁnttate
the. squaation.made aarlier bhat at leagﬁ two ara&uata are
faxmedrwhen alkall &etal hyaraxides are submittea %o attach

hy azone»centaining oxygen. ﬁt any rate, h&e yellaw~aranga
 ¢91oratiaa of, ﬁhe reaiéub reamining on the filter cen best.

ba explained on uh@ asaum@tian that bath‘a liquiauammania~}
;soluble an& a liquidwammenia-insoluﬁle eamgound ara :t‘f::12:&1@3:63.}"i
:during bhe ozanization procesa» If twa ﬂuen aubstances ao 
:exias, tha nqture of the liqaid~ammania~aalnb1e aampaund is
_"presumably tha’h repartaﬁ bsr Kazamamlcii, mko}.s}:ii and |
-ﬁbletsavala' ﬁhe natuxa cf'any nther produats musn ba d&terﬁi&eﬁk

by quanhitative exparﬂmenta%ion.,

*Kazarnnvskii, Hikolski& e Abletsevalh reparted that the
“1iquid~ammmnia~axtxaatabie material aeacmgosaa to pctaaaium
,superaxide completely in eleven days,
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In order ts furtner establish the exxstenca of at least

!two producta of ozonization, reactians were earried out at‘
various tem@aratures in tne hopa tnat tha relative amaunta ﬁ

of the prnduets furmed might be a. functian afoEé reaeﬁianl‘

vtem@erature.; when the potassium hydraxi&e Was 'zanahe& at-f

room temparature, a- relatlvely amall amnbtt of ”,matarial

waa extraatea by the llquid ammania; th tﬁe ozan zatian

was aarrieﬂ aut at -30%, however, am realar amount ar

aatahle praduct Was farms&.. Althou! hﬁ obsarvahion waa
only qualitativa, 1t aeemea ta bear aut contention that
tne formation or the liquidnammoaiauexh, etable ﬁubsbanoe

was a function af the reaction temperatu ’tht tamperaturms

ihelow ~65°c~ the reactian nroeeaﬁeﬂ 80 slawly‘thab it'was ‘

impractioal ta attamnt extraction stu&ie at these temper»

atures. Nevertheless, tha obsarvatxonsf}hieh were nated'when
extraotion studies weré nade on sadium énd cesium "ﬁa@ﬂ&t@""
substantiated the-findingstmade auring the’stuaynof the
paﬁassium campouud,¢ | |

Wnen puLVPrized -godium hydrﬂXLuﬁ was onﬂated at room
temperabure, a yellcw colar developed, but when linuid ammonia‘

‘was&canﬂensed,nq tog.the “czonaﬁe“:and iiltereay~nazaolaratian‘

*As was menxiane& earlier, the xeaetian batween mznna~an& anhyw
drous sodium hydroxide procesded to such'a small extent that the
production of sodium "ozonate”.from the &ebyarated material wag
impractical. In the extraction studies as well as in the quan~ -
titative debterminations of sodium "ozonate", it was found exped-
lent to use sodium hgdmxide wlﬂ.eh cantained 5 to 10 per cent H0
of. hy&ration.< - R R
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-‘i.n the liquid aﬂmonia was note&. When the raaetian was
carrie& out at ~&0°0 and extractian a@temyta wera ma&e, the
fliqulavammania letrate waﬁ aolerea a varg faint yellow,
Lvaporatian of this yellaw salutian ta &ryness yroauce& a
 v@ry amall amcuat af yellaw aalid, saarcely anaﬁgn to usa '

'fer quantxtative ﬁ@temminatians, buﬁ eaangﬁ ta shcw the

temparatura ﬁepaadenee of the 1iquid~amm@nia—extractable

?pxoauct.. The rasidue an the sintere& g1 sé:filter was aﬁlare&
;quite yeilaw aad reacted in thﬂ sane ménn r as the ozaaateﬁ
;mixﬁurea which had been yrapare& at rao’ emyerature. ﬁo
eolaraa pxuauet was extractahle by tna uiﬁ ammonia from the
fsodium "azanataa“ wnieh ﬁa& been yrepar, ét ramm tem@er-
ature anﬁ.whiah haﬂ been stanﬁing fnr a] ral mmnths.
Liquidwammnnia-extraatian studiea:mada on tne aeﬁium
"azanate" were mora sueeessful nhan were tnoae made on the
*cozmasyondiag aadium aaﬁ potassium aompaunds. ’Wxtraetien with
jliquidAammenia of the cesium "ozouate“ whiah ha& been pre~ig
'pared at rmam temperature, fellowed by filtration, yrnducea ,
a relatively 1arge Quantity of rad aalution— upon evaporatlan |
kaf thia aaiution ta dryneas, a red cryatalline selia; s;mllar |
’in agpearanee to tnat abtained from tha potaaaiuml"ozonate" |
‘waa obtained. ﬁt the same time, the aolor of the residue an‘
‘the filter seemea ta inaiaate that a larger parcentage of tha‘
"ozonate” had beea extracte& by the ammonia thaa was tha aaae
with tne potasaium cumpound. Yo apparenh incraase was note& :

in the ammunt or extr&etable material ohtained from ceaium ,“
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"ozonates" which hed been prepared at 9° and at ~39°0.

‘ respeotively, however, wnen tne nzmiza‘aion was carriea out

at 6006, no-: calor was noted in the liqnid ammania extraat,
although‘the materxal remaining on the filter waa'colurea a

deeg crange~red.‘ Tne ehemiaal behaviar cf both extraeteé

material and resi&ue agreeﬂ with that fat‘aﬁfar the enrrea-»

ponding potassium eom@ounda wnen only a"sihgie azanizahxan

had been performe&; hawever, wnen a aeriﬁ”_of ozanizationa

and extraatipns‘wasAcarried_aut on a saﬁple 0f cesium hyﬁroxiée

(covering a‘§e$io&‘o£‘five aayS), thé raé;dua gave positive
peroxide teStsQ;

~ As was hhe case with the czmﬁated mixtures, the rele of
water in thesa extraetion studiea was quite 1mparﬁant. The -
absenee of any reaetxon ‘between ozane anﬁ the alkali metal
hydraxi&aa under strictly anhyérnus eaa&iﬁiana has alrea&y
, been menﬁianed, it was necessary, tnerefare, to avaid
complete exolusion af-water &uring the czonizatians.i On the
.other hand, 1if the extent of hydration'was too great, part of
_the wateryllberatga_dgring tne reaotienvwag;capr;agﬂaver by_ 
the liquid‘amménia solution and,'whén thé5amﬁoﬁia é§aporated,'
no solid produet*was cbtained.»‘This waa particularly true
in the case of the oesium hyaroxide, which waa eamglately in
the form of the monahy&rate. Thls ﬁifficulty was avercome
by partially dehydrating the cesium hyﬁraxide mnnohyﬁrate anﬁ
then using a relatively hign (2 to 3 cm.) calumn of starting /

: maﬁer;al. Under tnese circumstaneea tha water libarated
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i during the amurae ar ‘the. react&on was, ahaorbe& ﬁy bhe
.”,annydmus hyﬁramaa .m the lcrwer ;mmwn o:c me ﬂalumn o

,1fonm a atable hydrabe, aad waa net aVailable fvr extraction

.;by tne li‘ id‘amman;a. Iﬂ atﬁ&r waras,

,?reaaticn._ Thia,mehaﬁd $wam@& ta'werk quita waxli anﬁ dry

fiprcﬁucts waréwobtaineﬂ by utiliziﬂg tnel : _ _
‘?pravideﬂ that the ramaiﬁder of %ne appa; tua was ﬁry~

The red solia matarial abnained £1¢ the liqui& anmonia

"extraction of . ceqium‘ﬁy&raxiae "oz&nata* a quitﬁ atable at

Efroom tamperature, in the absanea of ‘molature. ma apyarent
;aa air»tight :

fiea po%aasium

[daaampasitioa taak glaee when it was X
’?‘Veasel for aeven c‘iaym Whea a&dea 0 a
,iodide aolutian immeaiately arﬁer prepa'ltion, aa well ag’ after
”atauﬂing for seven aays, 1arge amounts oéiae were liber=
ated. Wn&n added to cold dilute auiﬁ,vaxygen was- liﬁera%aﬁ,
‘aﬂd %he zesulting saluticn retained suffiaienﬁ axidizing
:pawar ta oxidize 1061&3 ian to free iadiae,' Wnen the iresﬁly_
\prepared proﬁuat was, teste& witn aold tibanium{lv) sulfata

aoluﬁian in dilyte ﬂulfuxie aoi&, no ealaratien was nbaerveﬁ,

| after shanﬁing in a closed Vessel at raom ﬁemp'“"‘ e for

1seven,daye; it still gava a negative paraxiﬁe ﬁest.#mﬁcwever,
whan the ra& salm& waa haated to 100~l§ﬂ°3 in an oil bath |
‘ for two. tn threa haura, the red ealor diaappeared and,

kalthough moat af the: remaining produet was wbite, a partion of

the red. yroﬁuct deeampaseﬁ ta a yellow substanoe. Vhen. testea
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%lth titaﬁium(IV) aulfate aalutlou in ai Jte sulfuria acid,

‘ﬁa ﬁest. lt must
,rea soliﬁ

rthis yellaw yrcduet gave a yosmtive pe‘
‘be emphasized tnat tﬁe majax partion a
jdeeampaseé at 100°0 0 a white product
;%ively amall pa

‘yallaw aam@cund,, ihma laﬁter aubatano

le'ﬁnly & re1a~

ﬂiaon uf the rea sali& ae ih
e na ﬁviaenaa af
deawngosi‘aiaﬁ wnen heate& for about tw rs a ab 170"@:. Tms

'abserVQ;ion anﬁ"

‘e‘positiVe pertitani' d ﬁest ‘are those

‘whichaﬁéﬁia"beﬁéipacted if ‘the yallaw ‘ ;axgwﬁxe;gesium4
superoxida‘* The white deonmpasi%iaa ﬁ?f@g#ﬁéﬁéﬂ&gﬁfﬁaﬁ
have been- hyﬁraxiée althaugn no. speaif' nalysis for sube

atantiatiag thia assumption was performe

the final“aeaompositian praduatxof a hig _Qxida aficeaium,

in tne absence of Water, to be aeaiam mo cxide;** hawevar,‘
a trace of maisture may: have been ‘presefl ao tha% tna

hyarcxide rather than tha meaozi&e may\h re. bean fnrme&.

If ‘the assumytzon that the: yellow ﬁecampcsition 9r0ﬁuct'
sf the re& salia is cesium supernxxdefi orrest !
ezperlmeutal obaervations ‘seei. to bear: b
tha behaviar ef at leaat a portian af th

gous ta,that reportad for thaxcorrespanﬁing'pmtassium campauna

» Cesium auperoxide melts at &3206' %he} wagpaiﬁtibﬁftémperaﬁﬁ§é

(p =1 atm.) is regsrtea as being 12650'

‘** cealum;manoxide is descrihed in the;l ,xatura 7 as being an

orangewrea solid.
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by Khzarnevakils ﬁz&alsxzi, and %bletsavalh I%kthe*ﬁwafr
 com@ounds are’ analagous, a porﬁion aftﬁa re& salia mnst ba
va.suhstanae having the fanmula 0363 and wﬁiah daeampcses

to the superaxide at higher temperatures¢ Tne aaperimental R
,evi&anee whieh has previausly been mentisneﬁ shaws that thia“
.re& salzé, hﬂ%evar, ﬁces nat desam@ose ta the supercxide ar
peroxide when aﬁ&eé ta wmter or aci&, it presumably pasaes
&ireetly ta tha ﬁy&raxide uaﬁer anah aircumstancea, withmut
‘yasaxng tnrcugh tha inxermedlaba oxidatian stat&a, Tne
‘quantitative ﬁeterminations &eaaribed in tha fallﬂwing ae¢ﬁiana
'were &esigmd ta aetermim tﬁa mli&iw ai‘ tim emcmsiaas

,base& on qualitative obs@rvatians ana:t ;a@rive at'a mare

definite concept of tha natura ar these alk&li mat&l "azanataag



.

'é&aatitaﬁivé éSDédfé“ef tﬁé“Pr6biem”

xnasmuoh as. qualitative obsarvatian" can, at best serva

only to aubstantiaba tha flnainga of quantit@tiva investigabiona.
\the true pieture of the nature af any campaund muat ba foun&e&
lkali metal

‘on the reSults of chemieal analyaes.,%?(
1"azoaates" are oxygenwliberating substan }itherefore quaati~;r
tativa ozygen &eterminatxans were &eamed&bovbe of utmost
imgortance sinee the “ozanates" produce the correspcading
hydroxides upon aecamposition, a measare af the alkalm oontent
wag also consxdered to ba ezpedient. Iﬂ additian to tne mxygen
and alkali analyses, the amaunt cf oxiﬁizing pawer ﬂisplaye&

by the "ozanates" snaula indieata tha praparﬁion of the_“active“
_compouent pxesent,d rinally, magnetla measurementa af these
substances should establisn the number af uapaired electrons
per maleﬂule, ir tne campaund ia parama@netia, and serve to
eliminate fram canszderatian tnoae formulas whioh &a noﬁ meat
the magnetic requirements.,

‘Two avenuas or approanh %0 the. quantiﬁativa investigatian
of the. "ozanates" wer@ open.‘lﬁ1)¥ the aolubllity in liquid
‘ammonia ar the aesium and potéssiﬁm eompounds pointed ﬁhe way
for a direct analyais of tne burified substances. but (2) tne
'insclubillty in 1iquid ammonia af the aodxum compaun& forced
the utilization of the more indirect methcﬁ of analyzing for
this compouna in a mixture af several chemieal speciea. This
 1atﬁer method was fcuna ta ba applicab;e to analysas af all ef
nﬁe ozonate& hyﬁroziﬁes, and was se utilized iﬂ\arder to morev
completely coordinate the results obtaineﬁ by both bypaa of

‘analyses.
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Gf the three alkali matal "azonates" thah Ware inveati~;

 gaﬁed, the so&xum anﬁ ceaium\cwmpaunds were‘tne&mest thcrnughly

Gzonateﬂ li;:’

fmoat stable?of tha unyurirlad compounda

fwaa invea- galed‘firat,, uinaa it eaul& |

;solvent axtract a, ‘the saﬁium "ozanata _investigatad

:qampletely in tne farm af a mixture eonu” ning‘the “ozonate"\

ﬂunreaoted aadium hy&ruxiae, ao&ium carbanata, anﬁ water of

:nydration. %wc methaas far~abtaining mixturea with maximum

‘amaunts af the "azmnahe" wera utilized' 1);ozonization of
the pulverized hyaroxiée, wlth ccnsﬁant agitation Gf the
aample in oraer tb preaant tha maximum amount of surface to
ithe att&cking ozane, &n& (2} czanizatiou of sodium hyaroxida~
fpallats (or flaxea), fallaweﬂ by remcval cf the azanated
 8&2£&68 of tha palleta. Tne 1attar metha&, wnile presenting
‘the prablem.af dealing*witn 1nereased earbanate and water |
content, produned mixtures whiea eantainéd relatively larger
percentages af the oxygen»liberating ccmpon&nt.. This was pre-

aumably due to bhe fact tnat tha anrfaca of the hy&roxide
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pellets was more vulaerable (ﬁhan the inner part of %he
pelle%s} 1o, attaek by nct amly the azone ﬁuring ozanization.
but alaa by atmOSpneria waﬁer and carbmn diaxiﬁe ﬁuring
‘nanaling aperatxons.

3ed&um hyuraxiae pelleta were azanated at rmam temperm,w

‘ature in the vesael anown 1n Fi@, lIX (c)“f;Whea azouizatlan

'af hhe aurfaae of the pellets appeared be aa eomyleta aa

;gosaibla, the contents of th@ ozanizatian*vesael were trana-

"sbakan
vigornusly.: The vigorous ahakiav jarre -t mzonateﬁ

'3urface fram tha main body of bhe pella  th1aﬁaurfaee was

nhen aaparaﬁed frau the major goxtion a Tthe mé"rialxby

means af:a fxné c50 0, 60 mesh per sq. i" );seive, and put in. a

stoppared vesspl. . All aperatiens invalv ng h&nﬁlmng anﬁ

transfer of this’azcnated surfaee wmre'

'oarried cut xn a "dry
,bbx" in wbich the moisture content was‘kept at a mlnimnm

by means of powerful dehydrating agents sach asﬁpnospnerus

pentcxiﬁe'ana magne31um percnlorate._ Tha ozaﬁamed hy&xnxi&@
: '"w\:nea on a Gouy-type magnetic balane M |
Ata deterﬂinevita magnetle ausaaptibiliﬁy anﬁ ascertaln tne |
preaenae af any paramagnstic material.,

*Ground glass stopperad vessels wera fcund ta be less suite&
for storage of the ozonated hydraxi&es than were vessels
‘equipped  for serew-type caps or rubber stoppera, ‘provided that
the latter were alr-tight, since the. ground glasa joints showed
a great tendency to "freeze" if they wore not. eamgletaly R
‘cleaned of alkali.



The

Betarminaticn of‘ﬁagnetia $uaﬁggtihilitg
Wnen a substanaa with a magnehia suseeptibilihy diifarent,

fram zern is ylaced iﬂ au inhwmngeneaua garallel magnetie

field, it is aubjeet to a_aisylasxng faree pra_;rtadnal to
fits magnetin suscegtibility.‘ Thia aisylaeing farce is alsa

.funotign af tha magnetic fiala inﬁanaity ,n& tna armsa«aaﬁtw
6& utilizea
Janalytisal balan:a to maasura this forﬂa g a_ahange in wexght
eld,

uapenﬁed fram.a

fional area af the sabstanc&. The Goay m

;af the aample wheh pl&ced in a ma@netif Thersample,
iin the fbrm ax a hamogenﬁaua cyliﬂaer;
 ba1ance anm sa bﬁat ona en& hanga in n '@gian of maximum
’atrengsn of tna magnehia fiel& and tha;a er end is esaent-}
fally out of the fleld. The weight of‘nne’sampxe when 1% is

:suspenaea ia the rield, subtraated fram‘ﬁha weight of the

‘sampla in rielﬁ~free spaee, giveﬂ a maasure of the aisplaeiag
farce af tbe rield anﬁ, eensequently, a meaaure of the magnatia
.susaaptibiliﬁy of the sample. f

The procadure far determiaing‘magnetie susceptibility
tnat was iallaweﬁ throughout tbiﬁ study W&ﬁ as follows‘ the
'calibratian uf tha field strength was firat aecampllahea by
_weighing a knnwn valume of dlstilled (and deaerated)‘water,
}1n a Weighing tnbe, both in ‘and aut af tha magnetiﬁ fiel&,_'
tnen the wai&ht of the smme volume of t&e aamgle both 1n and
.out of the field was aeterminea - ia the ‘2ame weighing tuba
\tnat was used to calibrate the fiela streagth. The weighing
tube waa marely a tlat-bottomed yiece af 8 mm. 0.3. Pyrex
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hubing (larger tubing wag used far samples af law "azonate'

content), the tube waa about 12 am, 1n lengtn with a;armuna

a Sema*mlora analytical balancen The we 7Aing tube was aua-

pended 80 that the xlat; bobtom was exactl’ m the cen‘ber cf

111111111

the magnetle fleld ana the 1n6exvmark laneé 7 qm. frem tna
bottom of the uube (the magnetie fielﬂ was'rauad bo extend

redially only abaut 7 cm.‘from the centar}y In oruer thaﬁ no

error would be 1ntraauced by the use of ”ying @ncunts cf

lubrzcaat frem time to time, tna graunﬁ gla&s

weighing tube Was nct lubricate&.~ ?ha weighzng ﬁuba wag

1123% uleaneﬁ, arxeﬁ well. anﬁ weighe& both in andtout of the
field. It was then filled with water ta the T em. mark and
weigheﬁ :ath in and oub of tha field. (Water'was used aa a
calibrating llquid since i%s susaeptibillty h&a been accur-
ately determxneﬁ by several independent methaas ) The diff«;
erence batween the chaage in. welght of the empty tube and tne
change in‘weight of the waternfxllea tuba was taken as the
change in weight due to tha vater. Tna %el@hﬁ of the water
was taken as the volume of the tube to the V& cm. mark, asauming
the dansity of‘water to be unity.' The crass~saatianal area |
ef ﬁhe tube . was reaﬁily aetermine& from tne velume an& the
height of,tha index mark. From these &ata, tna magnetic
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‘field strength, H, was determined by means of the formula:,

L 2 aw {water) N
1,019 % area X lky = k&}

‘ﬁﬂﬁ

where k,, the volume susoeptibility of water = =0.72 X 106ogsu.

 and kaﬁ hhe voinma ausaeptibility nf air H*Q.OB x,lo 6cgsu.

The figara 1~019 ia a aanversian fae%argv
The waighing tube waa tken ﬁrieﬁ well anﬂ fmllea to the

;1ndex mark wlﬁh the sodium "azanate",‘partisular eara being
taken ta 1nsura a hamaganeous S&ﬂ?l@u Tha &iffexence batween :
the change in weignt (ﬁue te uhe n&@nati@ fielﬁ) of the
‘sampleufilxea tube and tﬁe ahange in weight of. tne empty

tube was taken as the change 1n weight éue %a tne aample. Tﬁe
'valume susneptibility, in ugs. units yer.ml,, ef the sampla
‘was then caloulated by meana of the equatian.

(2) k=X, o+ - 1*2A§3(Baméie?t‘

: : : : - 1.019 x area x H2
where ﬁ ig: the {apparent) magnetie field intensity calculabed
from equatibn {l} fcr the partieular waighing tube used, and
variaa with éiffarent weigning tubea.t By aubatiﬁuting
jexpreasion (l) for ﬁa in axpreaalon {2), a slmpler azpression

vfor the valume susaeptxbility is abtained‘

Mw_{sample) -
1) K=kg+ ~ (water) ey = )

‘or, subatituting tho nunerical values of ky nd kg,

~‘Aw(szam le

(4) k= 0.03 - 0.75 £ 1076 ogeu, /ml,
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The gram snsceptibility is madily aemrmimd by
dividing the valume susceptibility by ’cm apgareut &esity
of bhe eample, i.e., by the vsei w,m: af cm sample awmea
by the volume ef tne tube ta *bhe inde:x "mark. _ ‘(ﬁiﬂae tim

.appax'ent, aensi‘ay aprmaches me value _,Q” ‘he ft : e: &ansif.y

fm: th@ gram suseepmbility can ba written:( ;

y Aw(étaniple)
3 g ?5 AwWlwater} -

(5) %

Inasmuoh aa tha magneisia field strengzth anﬁv. eansac;uently,‘

o

the changa in Vsei.égh‘b varws with bhef} guare. uf\ me curmnt tha't‘a

pasaes thmugh the mns ai’ the magneb ﬂmagnetic measure»

ments were redueed to an arbitrarily an referenaa valua af

the currens.‘ bﬁeasnremanta ‘taken ai: an er” ourrent rva&m@

were flrst reduee& to an arbiﬁmrily chogen - ”stauﬁardized"
conditi{m, baaed on a caa.l eurrent z}f‘ 6.:39.'ainperea, by maaxxs of
t%w expresaianﬁ
Awy IR
B¥g30  (6.300%

" ‘ 6,30)%2
R

whez:e Awi is the cbserved ehange in weigws at; a c.ail aurre&t
of I amperes, and Aw6 30 is t;ne ehange in weigm at a aail
eurrent of 6030 amperes., Ii; vmaa i‘cunﬁ that, since the ui’xanges

of weighb ebserved during a larage partian ef this sstuag were. at



vthe arﬁar af'a few milligrams, a variahian in ths eoil
,ourrent of a xaw hundradtha af aa amgare was auffiaian%
to appx@clably altar hne rinal reaulﬁﬁg therefora, o
| reaa ta 0,01

ampere, waa used for cuxraah readinga th xgaadt3gll‘magﬁh

Weatan ?reeiaion ammetar, whieh cauld_

laetie measuremanbs,. Errars éue ta flucta “imaa in llne

{valtaga and, eonseq&ently, in cmil eurrant;were raduceﬁ

by taking saVeral currant reaaiaga dari’ eaﬁﬁ maaaura*
 m£n$ ané xaaarﬂing tha average value aa_hhe value of the
:eurrent.
: g iga na;zai g of the *“mg;g - @gggggﬁof'wixt ures

Tha ozmaateﬂ alkali ma%al hy&raxid’ uée& in ﬁhis study

rcoataiueﬁ, in additimn tath@ "ozan&ﬁe”;

varying graparatiuas

of unreaeted hy&raxiée, water af hyﬁr&t&an, anﬁ”‘axeept for
5& few of the casium samples) alkali matal carbanaﬁe.i mo
cther oamyaunﬂs ware fnund ta be preaent, tbarafor% the
ozonated hyﬂramides were treateﬁ as faux-aempmnenﬁ mixtures‘
The faw aesium a&mylaa whieh were found ta eantain no car-
bonata were treated aa thr@a—eempcnent mixturas.  The amounts 

f "mzan&ta"** aad carbanate were determined gasometrlcally,

*This ammeber is racognizeﬁ by tha U 8. ﬁuraau of Stanﬁarﬁs as
-a secondary standard for reading current, & silver 0aulcmeter
being the only recagnize& primary atan&arﬂ.,~

**The amount of "azonata“ was datermineﬁ gasametrlcally by the
me thod desceribed later in this gsection. - The desceription of
the esnalytical procedure in this section is that used for
sodium "ozonate”, although the same method was also applied
to analyses of the ¢esium and potassium compounds.
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tne amoant af unreaeted hyﬂroxi&e was nbtaine& titrim@tri¢ ~

aally, ana the water eantent was determinea by(difference.‘

After magnetic measurements had baen”taken'.n a sam@le,

| ‘ sma11 flat~}
xize'ta fiﬁ
nmugﬁ to fiﬁ inﬁc

a gertian waa hransferrsd (in the ”arg

bottamed glasa insert which,was af suffic‘ent

LﬂtO a sﬁandarﬁ weighing bothle and sma'

\the aeccmﬁasiticn chamber (B of Figu IVf used if tﬁe gaso~

metria aaalysia, amall glaae heak an’the inaide af the

insert permittad ﬁhe 1owering af the sampleufillaa 1nsert

inta tha welgning battle or decempasihioﬂ chambar by means

nf a 1ang, hauke& wire. T&is methoﬁ mf‘ Ensferringdthe

”sampla waa used sa ﬁhat nana Of the Bampmﬂiﬁbﬁ ‘ ba”;oa$W§@?ingf
transfer~tu the decompasition ahambar‘
The Waight of the sample waa tnen* te mined, by means

of an anaiytical balance, from tbﬁ differsnce af tﬁ@ weighﬁ of

the sample~insart~weighing bottl& aystem and t&e weight of

the greviaualy waighea inaertwweigning'battle aystem,. Tha
sample-filled inser% was tnen transferrad (1n ﬁhe "dry bax")

Befcre conneating the aeaampéaitisn chamber ta the main
Jbad; of the analytieal syatem {Fig. IV), the capillary tubing
1eadiag fram the ﬁecamyagant reservoir (c) inta ‘ha decanpgu
sitica chamber was fille& with tne éecompos&nt to a rererenna
jmark on the aide af the reserveir.l Tna daeamyositian chamu
' he main boay af
:the aystem, the ground glass joints maintainéd air-tight by

}eontainxng tha sample was then attacheﬁ



Figure IV. Apparatus for Gasometric
Analysis of Alkali Metal "Ozonates"

- *08
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means oi allieane lubrieanb, an& neld tigntlg by maaﬂs of
: rubber ban&s.‘ Ths eatirs syabem waa then flusheé'wall with-
ﬁdry axygen frum & tank of axygan that was gasaed thraugh
géa calumn Of magaesium pereﬂlarate (I af Fig. EV) and tha

f@ystem ﬁhen aloseﬁ,by meana or stapensks"'fﬁand F). The

{1avels of the twc maraury calumns in the gas»ealleating
the mercury reser~

aken as the iaitial

’fapgaratus (ﬁ} were euualmze& by lawarin
}vcir (B) and the reading af the burette
;;voluma. A Enawn valume of sﬁanﬁardizeé ‘draahlorie aoid
wag adﬁeﬁ to the deomm@osant reservair éans*af a aaliu_

,‘brataﬁ pipetta; tne valume af aald t@ be ug

‘ that thvlres lting selutlon waul& be al
Th nyaroohloria aqidAwas then a&&aﬁ?‘lawly ta tne ﬁacomn

/gesition eﬁamber bhraugh the stapaack whiah Separa%eﬁ it

:»frcm the decampasant raaervair, ana at'theuaéme time, hha
télevala of the marcury oolumns were kept;equal by lowaring the
5mercury reaervoir. Whan the “azanata“~ “dfaamgletaly dewem~3
 poaeﬁ, tha system w&s permibtea te atanﬁ :rizO to 30 minubes
- 80 that it.waulﬁ be at roam tamgeratureﬁ the liberatad gases
vwere mixeﬁ well by first fareing the gﬁf in?the burette bank
‘inso the decampositian chambwr (by meaafﬂkflthe meraury

| raservcirl aad then parmitting it ta retnrng tnia maneuver was
7 repaatad far aaveral times ia order to inaure complate mixing
of the gasea, whicn were ezygan, carban aioxiae, anﬁ water

, vapor.‘>?he meraury levels were then emualized and the volume
of cclleoted gaseg in the burette recoraea as the total volume

of»gaaes, less‘the blank, The stapcuck (G) on the potassium
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,nyﬁraxidawfillea absarpt&on hnlh (8) waa alosaﬁﬁ%o the

‘atmosyhera and tha three~way stapaeek at tna t
burette s  disa tnat tha gasaa in th@ bnratt were'f&ee

tm camﬁ in contact wxﬁh ﬁhe eanaenﬁrabea patas umW y1rox1ﬁa

fsslutian, but e 3mf the gas in

watclaseu tm tna main ba

ithe ﬁecampasitian ﬁhamher. The gaaea heanarsaa inta

;the alkali salutxaa, by, meaas of - hh@ maw we” rvair, where

the uarbea ﬁioxida waa ahaorbaﬂ ia the fation ar pstassium

kaarbonate. Tha as'waa %hen parmitta& {aturn ta tne

5nnti& the mereary
tad:uﬂtil nn.

fburette by again lawaxing tna marnury 5 )1

leﬂals wara equal. This maneuver was b
,vclume ﬁeerease waa aatea,aftar paasag gas,intm %he
_alkali s&lutiﬁn, i.e., uatil no mara aaxbmn_aiazi&e waa remavea;

jThe tntal VQIuma &aareasa 1n tne burett waﬁnraaardea as tha 1

volume af eaxbon &iaxida abaarbed by th alkali, and %he gerw
faenta&e of carban ﬂxaxide in tha ayatam aluulateﬁ by aiviaul;

fing %nis velume ﬁearaaae by th@ tmtal vas

;buretﬁe bafare abamrption af tha carbmn}ﬂiaxiﬁa by tha &1ka11.
f%ne number af mols of aarbon ﬂiamid& ia the liberated gasea :
 waa &etermineﬁ bg multiplying tﬁa vmlnm iaf tna aystem (1953
_the valume due ta the decamgoaan%} by thé peroentage af
;garban ﬂioxiﬁe ariginally 1n the burette anﬂ reﬁaeing the
,volume of the aarben ﬁiaxids tm ahaﬂﬁar& aon&itiona af tamp-
ferature and presaure; The amaunt of aadium earbmnate prasent
’in the sample ef ezanateﬁ sadium hydroxida waa then abta&nea
"fram the equatlon"

NapGoy + ZHCL = 2NaCl + g0 + COp
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and thes percentage of sadium aarbanate in: the aamyle oa,au~
lated rram thia value anﬁ the weighﬁ af tne samyla  $&5

-was a&sumad that the carboa aioxida resulted entirely fram

the reactionvef;hhe sarbanate wi%h hyéraahlaric acid, rather

than fram any biaarhcaate.‘

‘acia used in the analysis. 11 af tns'; , sal ‘detal:
of the analysia were rigidly adnerea to njtne determlnatman
;af the blank.s fne volume of thxs blanklwas reﬂuee& te
stanéard canﬁitians ef temperature and yreasura, and re-'
‘aﬁjusta& to the experimenﬁal eonﬁitinna cf temperature and’
preesure of the variaus analyses.f

The" voluma af oxygen 1iberated fram tne “amanate" was
detarminsd by aubtraoting from the valuma in tha buretté the{
valnma due to botn the blank and the carban dioxide. The

number of mols at oxygan was ﬁﬁtarmineﬁ by reﬁu fng this

volume to standard eanﬁxtiens of temperaturefan ipressure and

‘dividing by 22‘400. ?rom this number cf‘mola

the f°11°W1ﬂglé@“ationa,‘tne amount of 38033w§302a Naéﬁ'02;,
or (Nang)ﬁ'GR’ res?@etiVGly, was determlneﬁc, |
.hNa03 + 2&20 = uNaGH + 505
rhNaOz + 2320 = ANaOH + 302f
_NaOH'Og = maoa * 02
f(ﬁaoada' o2 zgaog * 0
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 Thase farmulaa are tne sudium analega af pastalftad formulas

for p@taaaiam ”ozanate“ ‘ The first of tnesa waa auggested
fby Kazaramvskii, Nikolskii, aua Ahlatsoval& th seébnﬁ by
fBaeyer an& ?illiger s anﬁ ﬁha last twa by m, Traube7!8

 3inne th@ “m@thed of mlxtarﬁa“ usad iﬁ hni"‘stuﬁy was neces~

1aarily an'

fdirect approaeh, all af them @oaaiﬁilities

fware a&n&id&rea 4

n“arﬁar te detaxmine
fthe axperiment* 1ﬁﬁaw

Tng aaiﬁic,salution ramaining iﬁ_ﬁh
ﬂwma than ti%rate& ta the phenolphthala

ampoaitian enamber
poinﬁ wiﬁh

on the known
inailg”aaaea;-tne

”amaant cf hydrccnlaria aci& whiah was 0
iameunt of basa use& 1u the backwﬁitrati iand tne amounts
of earbonaﬁe anﬂ "azanate" preaan% in 5 :sample, ﬁhe
amount nf unraaateé hyﬁraxiaa ariginallyr'reeémt was. caleu»
late&, The latter was aatermined by 3ubtraetiag fxom tn@
fnumber af egumvaleats af acia aﬁdaa, the uumber of equivaxents
of base uged in tﬁe back~titraﬁian,_and the numher nf
‘equivalenbs af aeid uae& ta &ecampose batﬁ carbouate and
,”ozmnate", ana mulﬁzplying by the equivalenh weignt af saaium
ﬁhydrnxiae»¥ The weight of water in tha sample was,abbainad
 by suﬁtxaaﬁiug ffam the ﬁobal weignt af the samgle the
5we1@ht of the tnree an&lytiaally detmrminea camponents.

E‘rom the total weight of me sample and ‘me ammmts of
-each Qf the feur aompenents, the percentage or weight rraction*,

af eaah compmnent was detemminea. Tna parcentage of water and _
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earhonata preaenﬁ was invariable, i e.. ai& ﬁnt depen& on

;th@ assumeﬁ farmula fot tne “azoaata" Hawever,'

,ha relative‘
percemtages af "ozonate“ and. unreacted nyamxm
with the fcamula wniah was aasumﬁé, e?engﬁhOQQhﬁh
kremaineé eanstanﬁ‘

Once the rcgartiana ef each compoa”nt was“knuwn, the

‘gram susceptibility Gf the ”ozonaﬁe" oau ba calaulated fram:

the gram susseptibil )y of the m;xture tha Rnown suﬁoap«i:

tibilities of th’pather three componenha sing!the Wia&emann

‘. Suscaptibumiea
3 %ht frantion in vi.;

»ar mora camponenta is equal ba nne sum
af the eampanents, each multipliad byxi

the mlxture, can be formulateaz

\ Z’xipi .

where Pi 18 ‘the welght fraetian of oamponent i in. a- mixture
of n eompanants an&'ﬁﬁ'ia its magnetie auaaeptibility;?&mix
is the gram suseeptibility of the mixtnre., Far tna f@ur -

oamponent mixtures analyzed in this study, the mathematlaal

formnlaﬁiqn of tha %iedemann aﬁditivity 1aw aS‘ i

Xmix “—“- .XO Z oF \xmaeﬁ p}.\}agﬁ ¥ XN&zQO 3 PNagGﬁ 3

*The subsoript oz refers to "ozonate",
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or, salving far?!ﬁz, which is hhe gram.smaceptibility of

_the “mz&n‘am“ '

’xaz lﬂ. ’xmix’ “ ('x{»}aﬂﬁ ‘ m&ﬁﬁ "’3’ Yﬁazagapﬁazcg ':; 4. ' -.

The-#alues_afTKﬂaGH,'Xﬁazﬂog, an&ﬁxﬁzg were #@?aine&
from the literature3g, tne valua af'Xmix was\deﬁermine& from;

1,0 PHa0)

imagmetio measuraments uf tha aamgle, and he‘

 PF2O, gﬁaQGDB’ 3ﬂd gg&gﬂ Wara detemmine& analytiaally by tme

meﬁhmds Just aescribeﬁ., ?aur &aharminatimaa were maae on.

}eaeh sample, eaqp aeterminatian baseﬁ on . a:aifferent fcrmulal

‘fer thﬁ "azanate“

Tha water eantained in ths ezanateﬁ“aa&ium hydruxiﬁe

~was unqueationablywpxaaent in tne Imnm aflwatar af hy&r&tlan¢‘

ane aaaum@tian_was_made throughmut tﬁla 3tuﬁyuﬁhat the

?hydrated hyaroxiéea (ar aarbanaﬁes) eeuld“:;treata& in
,magnetic stuﬁies aa mixturea or watex anﬁ ‘hq anhydraua

‘materiax, i.e¢, that the magmetie auscept bilities uf water

'and tna anhyﬂrous material wera adaitivw andwcoalﬁ be. ao

'utilized in tha use nf the Wiademann aﬁditivity law. - This
}aasumption was baaea un susceptibility aata3° which showed,
‘withaub exoeption, that~tha values ar magnetia susceptibilities 
~af hyﬁratea were weighte& averages 0f susaaytib&lity values

for water and tne anﬁydreus materials, R cantly, Prasaa, ,
Bnarmatti Kanakar, and BiraﬁarBl have reparted that hydraticn
&oea oauae aame ﬁeviat;on frcm linearity, however,‘ﬁheir data

inﬁicate‘ a.maximum deviatmmn of only abnut g per cent,
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with an average &eviatlon of ebout 4 per,cent.~ 1t wiag ;

 291% that a aeviation cf aven 8 per aanbn 1¢id uat apgrea~

1&2315; alter the result.s obtained in Mm analyﬂea.

‘l‘he malar suseeptibi}.ihy af‘ t.ha "ozon‘ te" was obtained
} by multxp}.ymg tshe gram sascepbibility ‘ heﬁmlaeu&ar waighti

‘eerrespnnding to tha assumeé formula., Tue,magnatic momen‘b

was . Lhen abtained by use of “the f‘ox*mula‘

8xm‘r
,where T is zm temperature, in éegraes Ke’ltin, at which tne
magnetic Ineaaurement was maaa, p is the magnatﬁ.c mc:m.ant, aﬂd
'}Km is the melar 3uacepﬁ:}.hili ty. p is given;by tﬁis formula
,in Bahr magnetans, i.e., in uni ts of _eh , the natura}.

!nrme
quantum machanical unz.t for magne tio mamant. ‘I‘ne number ef

_unpairea electrcns per moleaula waa tha:.ned by use of tb.e
expression

p = n(n + 2),
where an is the number cf unpaired alectmn& per molecule.
From t.he ebtaineé. value ef t;na mgneﬁic momnﬁ far each assumeﬁ
formula :t‘or bhe "%onate“ the formula caul& be eri. tsicaliy

emluated, ana either accaptea or rejected.
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Exam gle of “ﬁlculatiana Invslveﬁ in "Method of %ixtures“ ]

In erﬁer to mmre elearly illuatrata the ué"’

k"methoé af mlxtures" in investigating ovaaa?ea

 nydrbxi&es """" a aample calaulazion, base& an5an aafaal analysis

‘er a sampla af azanabe& sadium hyﬁroxi&e,»is harehg
‘aeaerineﬁ;

Sadium hy&rmxiﬂe yallans were. oza“““"";at raam temparaturaf

for sevexal hours. at tne end af whiah 3 tna o Jnaxed

'gellets wara tranﬁfarx@& to anabﬁer v&aae ;g&%ly atapyered,

and vigoroaaly ahaken,, Tha yalluw (aﬁona adl‘aurface of the
‘pellets was jarred lacae as a frea powaer fram tba main body
d‘r‘y‘ bo:s:”) by

rmeans of a fine seiva‘hllt was then a&de& tb:a graund glass~

far tha &allets anﬁ was aeparateﬁ {in ﬁh

’staypered we*gning tabe fer magﬁetia meaa rements.

The'wezghln? tnbe had yrevienaly been W%ighe& on' the
"magnetia balancaf Data are: as’ fallows'~
{l)‘Empﬁy*tabe:
(a} weight with ocurrent off g 173 go
‘welght with currant on (6 ul amps. 12773 g.
change in weight, ’ - hﬁ &

Awg s -o olwe ’é—-g.gl—- --0«01359 g
6.30 ° X 16.41)2 :

(b) weight with current off ST 23 74208 2.
welght with curreab on (6 ;amps.J' 2 . .
change in weight, P 72' 33 8

awg, % = -, 01338 = '{%"1;;’5 -0, 01351 g

averagezswé 30 = »3.3 55 mg.
average'weight of waigning tube = 23.75190 g,
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(2) Tube filled with &15%1119& water 5o iﬁﬁex (7 em) m&r&* 
(a) weight with current off — ‘27 57285 2,
welght with current on (s.zz mps o 502 8 g-

change in weight, : =0,030 2

Awg, 30 = =0, 03007 x % ' -0.03085 g;,

2 I

(b) weight with.currenb aff % ‘ 27.57262 g.

- welght with current on (6, 36 amps) 27;5% g% £
change m weight, AW =0y 8s

"§m ~0,03060 g.f

avg g0 = =0 03108 x o=
’avera@a Mg 30 = ~30 72 mg
average welghb of‘water-filled tube = 27.57273‘g;
‘average volume to index (‘? em.) markm ‘3.83033 ml.
average cross-seetianal area :.0 5&73 am.
\average Aw(water) = -30, 72 ~(~13 55)%’-17‘17‘m$3,
The weighing tube was thea filled with ozenated ﬁeaium
hydroxide anﬂ waigned on the magnetic balance, both in an&
aut of the‘magnetic field.‘ nata are*
(3) Tube filled with ozoaatea hydrﬁiiae;
(a) weight with current off 23603278 3;

welght with current on (6. 38 emps) = .2,?8?._.0,_‘1:%.9...3 g
ohange in weigﬁt, AW = =0,01880 g.

= -0.01886 x (6.30)2 = -0.01886 g.
(6.38)2 “

g‘

6 30
~ temperature = h°0

28,03322 g.
28”61%19 g
et X g.

6.30)2 _ |
A%Bo»éommx%;%% = ~0.01866 6.

() weight'with ourrent off '
welght with current on (6,38 ampa)
change in welght, AW

._uwrn'

temperature = 2h°Gf'
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Javerage Mg, 30 = -18 52 ng.
average Awlsamyle) = wla.sz w{wlB 55) = ~h~9? ms-ﬂ

faveraga weight cf aamyle &,29116 g.

Iy :b.:.ﬁl .3._....23-.‘

7& = ~0¢168 x 19 -6 egsa./g.

The sample was thea traaaferrecl to the "ﬁry box " auﬂ. a

‘gartion a&ﬁeﬁ ﬁa ﬁhe glaas inmert, whic as plaae& in a

‘gro&nﬁ glaas-stappereﬁ weighing boﬁtla. 7@&& eatira system

:was them,weighe& on’ an aﬂalytical balana ffgnata are*
weight cr weighing bottle + inserh + agm@le = 19 5972 g.
weight of weighing battle * insert. = 1907400 8.
weignt of saM§1e » - #1 .5&3 g.

Primr to filling the decomyasitiau chamher'with the
"ozanate“, it had been aanneated in plaae an& the system fillea
‘with water rrom {ﬁ) to (E), threugh (B)”

_'n crder to detar~~
mine the'vnlume of the aystem, ?he weight cr tne watex waa
‘then aetermineﬁ, and ﬁhe waight takea as thﬁ volume af the
vsyatem, tha denamty of*water being takea as unity.’ Tha
‘vaiuma or ﬁhe system,witn the decampoaiﬁien ehamber uaed
‘thranghaut moat of this atuﬁy Waa faun& to ba 89 0 ml.

In aﬁdition ta ﬁetermining the Valume or the ayatem,}
blank, »e., the valnme ohange ﬁue ts tha aﬂdihion af deeeﬁa
poaant, was ﬁetermined prior te tha analysis of the samyle, The
»aeeampositian chamber was. seeured in place, with ‘the oapillary
_1eading ta the aacampasant reservoir (3) fillea to the refer-
'euca mark with 1. &720 N nydroahlnrie aeiﬁ. The syabem.was
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-rirst flushed with dry oxygan o sxmulate ezperimantal
cenditions, then closed by‘means af stcpcocks (F) ana (A), )
\‘ and. the pressure insi&e tne a*‘zparatus equilibrated wi%;h
atmospheric pressure by means of tﬁe mercury bulb. Taa ml.;
of 1.4720 N hydrochloric acid was added to the deaamgosant'
‘reservoir. by means of a pipetbe, awa tnis vulame of acid

-was slawly added ts the empty deaomgasiticn ehamber thxaugh;

~the stopeock segarating the two aantainers; Tne pressure
was cnce mora equilibrateﬂ an& th@ rxnal volume read.
‘Bata are:‘

temperature = 26,59
pressure . = T34 mm, (ecrr.}
final burette. r@a&iﬂg 12090 mlq.;
initial burette reading 10,50 ml,
change in volume (blank) = 12,40 ml,
change in. velume (blank), STP =.10.90 mle

The aecomeSLtion chamber coataininf5the previously
weighed sample—filled insemt was then oaﬁnected to the
,aﬂalytical system (Fig. IV}. Ten ml. of 1 h?z@ N hydro-’
'chlarie acld was then adﬁed to the sample in tha deeompcaitiou
enamber, tne mercury levela being hept as even aa peasibla
fduring the aecomnasitman of the sample by 1nweriﬁg the mareury
bulb at: apyraximately the same rate aa that at wﬁioh tha
'vclume of gas in the burette increased.» When the avalutian
of gas was aomplete, the gases were mixea well and the

final volume readg ~Data are:;
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;tamperature = 29,0%
pregsure (uncorrected) c= 731.5 ma.
pressure (corrected) E =, 72843 mm.
final burette reading’ = 18,90 ml,
initial burette reaﬁing 0,00 ml,

schange 'in volume -
~blank, axperimﬂntal aanﬁitimn
voxume of llberated gases

The' seapeec:i(a) at the op of the

Eabsarption bﬁl ) was tnrned sa that Jyotasaium
X ,‘w ;: Thﬁnt the
*stopceek (F) at the tnn ‘of the buretta ‘ wwned 8o that

“)ntc the

;hyﬁramide selution was npen enly ta %ha

.hhe g&ses in tha buratte were free to pas aver

;gatasaium nydroxide aalutian. At thia]‘ int, ﬁha gasea 1a

the burett;e emsisted mainly m’? azygg.en

an& cccupie& a vmluma axteaﬂing fram th’
 the top af ﬁhe m@rcury ealumn, since %h
stapaeak ts the zero mark of the burattﬁ

}the tatalyvolume nf gassa waa 18 90 3 3‘

waa hhan fnrcsd haek inta ﬁhe buxet%e b ~1owering th@ mereary

fbulh nntil the meroury celumna ware level qana the new

fburetta raading takenig (The d&craas& i olume was ﬁue to,

abgarpticn mf the Qarbon diozi&e.) Tni aneuver .wasg,

;rapeateﬁ until ho. further &aorease in v _ume“was noted upon

qurtnex transfer of gas. Daﬁa are:

valume ef gases in burette = 20,9 .ml,
volume after absorption of carbon dioxide = 20.7 mi,
‘yolume of carbon dioxide absorbed = 0,2 ml.
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 The percentage of aarbon dlmxiﬁe ariginally ﬁraseat in
'the burette’ waﬁ calculated hy dividing the voluma ﬁecraase
1hy tﬁe ‘total volumﬂ of gases arlginally in t&e bure%te. Sinca
the gasea iu the system had been well mizaa prior ta the
,absarption mf the carbon ﬁioxx&e, this parcentage was alsa
,the pexuantage af carbon &iaxiée iﬁ the syatem. Tne voluma

of carbon dioxide in the system was thea caleﬂlated by multi~

plying the total vclume, less the blank, y “bhe pereantage af
carbon dioxida. The number ef.mnls of aarban diaxide was

determinea by reducing this volume to STP anﬂ‘diviaing by

22,&000, the gram molecular valume. The amoun _ao
oarbanate ia the sample was then determined fram tne eaaation:

by multiplying the aumber of mols of carbon diax&de (which is

alsa the number cf mcls of aoﬁium earbaaate) by tna formula

weight of sodium aarbonate, raughly 106;& ﬁata are:

per cent of carbon dioxide = 0.20 x 100/26.9 = 0.96%

volume of carbon dioxide in system = O, 0096 (89+20,9+12,6) = G.?Bml.
volume of carbon dioxide at 3TP (in entire system .= 0.8lml.

mols of earbon 4ioxide (and’ sod fum earbanatei = 3.6 % 10-5 mgla,
welght of sodium carbonete = 106 x 3,6 z 10°2 = 0,0038 g

weight per cent of soaium carbonate = .0638/0 5228 = 0, 73%

The volume of axygea liberated was then aetermined by -
snbtracting the volume of carbon &1oxide fram the hotal valume cf
oollected gases, and thxa volume then reduee& tm ST?.‘ Fram
’tnis lash value, the valume of axygen (at STP) par grem of
sample*waa caleulate&. Data Are.

:volume ef axygen = 6.35 - 0.93 = 5«42 ml.
volume of oxygen at STP = L.70 ml,

volumé of oxygen (at STP)} per gram = k.70/9-5228
‘voluma of oxygen (at 8TP) per gram'a +98 ml./g.
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The per cent of NaO;, Naﬁﬁooz, Naez, ar (Naﬁﬁ)g*ﬁa,
reapeetively, vas tnen calculatea by diviaing the volume of
‘axygen liberated yar gram af samyle by tha valuma ar oxygen
]whieh‘wauld be liberate& gar gram of the gure aubstanaea,,
,aasuming the fallawiag reaeticns.r

() mao3 + Z’t‘izﬂ = maoa + 562, 393 ml»/@..,

(2) . NaOH<Op= NaOH + 02 3 311 ml./g.;

(3) &Naﬁg + zagc = hﬂaﬁﬁ + 3023 305 ml. /e,

() (NaﬂH)sz 2NaOH + 0, 3 200  ;/g;*
‘mnltigliaatian of the tatal weight- of the_ﬁamgle by the cal-

culate& percentages ef each of these eompaunds gava the weight
Jnivisian of these

af eaah substance whxcn woula ba yresentf
‘weights by hhe sorrespmn&ing formula,weights gave the numbar

of mols of eacb aubstanee. Data ar@.,

per cent NaO = 8,98 x 100/394 = 2.28%

per gent NaOH«Op = 8,98 x 100/311 = 2.,89%

per cent. ﬁaogﬁ = 8,98 x 100/305 = 2,95%

per cent (Na )2°32 = 8,98 x 100/200 = L. LO%

weight of Na0 = 0.0228 x 0.05228 = 0.0119 g

weight of NaOf-0p = 0.0289 x 0.05228 = 0,0151 g.

weight of FaOz “ = 0,0295 x 0.05228 = 0.015L g.

weight of (Na&ﬂ)2~02 = 0.0449 x 0.05228 = 0.0235

mols of NaO = 0,0119 + 71 = 1,68 x 10° mals.

mols of NaOHeOp = 0,0151 # 72'= 2.09 x 10~% mols.

mols of NaO. = 0,015 + 55 = 2,80 x 107% mola.
"-‘:1

mols of (HalH),*0, = 0.0335 + 122 = 3.30 x 20-b s,
It ean ba readmlyﬁshnwn that the number?u fmola of (Naﬁﬁ) 202

fwill alwaya be the 3o, irraapactiva of aivalue of n.\

The aci&ic aolution remainlng in the &acanmositian chamber
was then titrated with 0. 0986 N sadiumiwyaromiée salution,
using phenolphthalein as an 1ndlcator.f {rom the amcunt of
hydracnloric aaid added as deaomposant thara was subtracted

vthe amount of sadium hyéroxiﬁe used for titration, the amount
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-of acid used to neutralize the sgdium darbunaté;\anﬁ‘thev |
amount of acid use& to decompose the "ozanate“, in order
to @etermiae the amaunt of unreacted sodium hyﬁroxide in
the sample, Data aret
volume of 0.0986 N sodium hydroxide solution = 24.50 mle
equiv, of sodium hydroxide used in titraticn = 0,00242
equiv, of sodium carbonagte = 0,00007
equiv. of acid if "ozonate" ig Naly . = 0,00017
equivs of aeid if "ozonate" ig Nall ¢03 = 0,00021
egquiv,. of acid! if "omonate"™ is Nal S =.0,00028
equiv. of acid if "ozonate" is (ﬁagﬁ)2~02 = 0.000},2
From thase values the number of equivalents of unreaabe&'
sodium hydraxide,in the sample can be u&;auxated. calcue )

laticnsvare:

equiv. 0f hydroxide if "ozonate" ig Wady  = 0.01206
equiv, of hydroxide if "ozonate" is WalH»0p = gggiggg
X 2 :

equiv, of hydroxide if "ozonate" ig NaO-
equiv, of hydroxide if “ozenate" is (NaGH)g

*62 = 0.01181
The weight ana'weight per cent of unreaeted sodium hydroxi&e
is reedily determlnad fram theae valuas by multiplying by
the farmula'weight of sodium hydroxide an& tnen ﬁividing by |
the total welghb of the sample. Data are‘

per cent hydroxide if "ozonate® is Na0 . 92.2%

per gent hydroxide if "ozonate™ ig Nalb '62 : 92, 6%
per cent hydroxide if "ogzonate" is- Naoé = QL L%
‘per ceat hydroxide if "ozonate" is (Ea H) 2002 = 90.3%

éu |

The weight per cent of water was ﬁetermxnea hy aubhracting
from 100 per cent the sum of the wexght per eent& of unraau
cted sodium hydrozlde, sod ium aarbon&te, ana scdium "ozanata"
In most cases, the par cent uf water was nat appreciably
dependent on tbe assumed fbrmula far the “azmnate" and an.
average value was useﬁ. In tbis partiaular ﬁetermination,

the weighb per cent of watar was aalculatea to be a.é per cent,
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The m%netia mamytibllities nf water, aadium
waromda, and sa dimn carbonate were fmmf from the 111;@::*&-

ture% t@ be -9 72 x 3.0"6 cﬁmh/&-a “'0 5&‘

;"‘,‘10"5 eggm./g.,
"{_"iana «-a 25 x 3.0 -6 egsuﬁ/g. s respeatively; ,‘iﬁimg mase valuaa,fﬁ;

tize valua far tha mgnetic auseaptibil.ity‘ af tna mxtura

_;aa detarminad exparimen%ally. aaa tna an lytieally detem»
k;g,‘;mineﬁ W@ight i‘raatiana or the four aomp, ent " '
«’f~'yf.vauacepts5.buity af thé sadﬁ.um “ownate*; was | P
l:the use ar the Wiedemann a&ﬁitivity law 'altipliaatiaa
iaf thﬂ gram«ausceytibility bg the (asanmsdflfézmula waight

| gave the molar;suaeeptibility for the "ozonate fxgmiwhinh‘

%he magn  ie ﬁnmaab W%S reaﬁily &etammip a by means af the
fﬂequatian'.\- ﬁxmm. Bata are*
fwéay L

| 16*6 (~O.l? + (e.007 x 0'25}+(s 0@6 x a 72)+(o 92 x 0 59))

= 18.0 x 10 6 @gau./g.
=18,0.x 106 x 71 = 1230 x 1076 szeu, /mol.
R .‘74 Bahr magneﬁons

:.‘xg Lnfé ~0 17 * {o 097 x 0.25)+(0 oaé x 0. 72)+(0 92 x 0. 59))
% ) L 0,029 |

T

Xg = ..:,.2 x 3.0"'6 ogau,/g. :
fxmwuﬂ31Vme~1m3xmmommmﬂL
"p =1, 56 Bohr magnatons

,NELOZ :
¥ . 10*5 (-0.17 + (o 007 x 0. 25)+{0. oaé x o 72)+(0. 91 X 9.59))
Xg = 0,030
Xg 13.8 z w*ﬁ egam/g. :
-6

rxg = 13,8 x 10*6 x55 = 753 x 107
kp. = l 3h Bahr magnetons

egBu,. /mol,.
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(NaOH) ,+0, AN

;ﬁt 9*5 (-0, 17 + (o 007 x 0.25)+(0.0h6 z 0. ?2)+(0 90 x 0.59))

. 8 ' 6 o O.GAS
Eﬁg 8. 90 X 1@ cgsu./g.

'Tﬁn'» 8.90 x 10”6 z 112 997 X 10 -6. egsug[abliﬂ
o= Ll.54 Bﬂﬁ?gﬁaﬁﬂeﬁﬁﬂﬁ

The results cf six determinations ”;w?ﬁiataa in Tabla I,
ialogoua to that

used for illustratian., Thrnughaut hheya* iravstuﬁy tne

fall ﬁeﬁerminaﬁioas bﬁing made 1n a manne1

i-,v,:az'af.:izilma sf disregarding all aata on 3, V cantaining 1esa

'than 1 5 yer eent Naes (or KQB ar 6303, determinaa in a
' 1ater paragrapn)'waa fallowed, since ﬁh imit af acnuraey

of the leaat reliable amalysia waa eebima e& to be this valua.v

Values of ‘“etio moment are reperte&voi y toi'  gggrest

tenth afla Bchr magneton. ‘. ) o
iha Valuaﬁ shown, in, Table I are, aémittedly, ‘not

;aufficiently precise to warrant a &efinite tormnlation for the'

“scéium "oaonate# based an these data alane.x Hewevar;_sinoa

'the magnetls msment earresycnding ta ene.uapair i aleotran

per molecule is, rnughly, l 7, the state nt_aan be ma&e thah %he
}exger nental aata are beat fitted to a eampound having ﬁhe

- formula NaQB. Since ‘the. formnlas ﬁaﬁﬂ*og anﬁ (ﬁaﬁH)2~Og

 (or, in general, (Aaﬁa) «ﬁz) would requlre two unpaired
felectrona per mclecule, zne magnatic mawents calculated on

the bases of tnese formnlas inﬁicate that these formulatiaas

are not, aubstantiated by the experimental éata.‘ Aside frmm

the faot that the magnetie aata ia not we¢1 £itted ta a
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‘fwxmulatian o@ ﬁa@a, negahxve garuxi&a testa anﬁ lack ﬂf

“ezunate” ia&icaﬁe

: oxi&iz&.ag pawer aiaplayeﬁ by the soﬁiwn

that it is not scaium superaxiae. Furﬁnermore, tﬁeae

5saaium camnaunj;jnave beea found %0 nma{'i’{paxamagﬁetic

:Rahes mua% ba ﬁiaconated, sinne eem@aunlﬂjsaan as hese waulﬁ

_material, hanse, tﬁe formuias NaﬁOg» ﬁaﬁa

fbe éiamagnetia.

"&ethcﬁ af Hixtares" &pplied ta ?cta&aiumﬁana ﬁaszum Gampann&a@

The “mﬁthod af mixtures“ waa alao flf ' §3@913$?
of 9zanated patassium and eeaium hyﬁroxides,

_m&ntal éeta«ls were the aama aa thosa applied in the iaveati-'ff

,gatlcn of ﬁhe sadium eampaunda, althmug 'thékanly method

«usea for ﬁhe preparation of the samplea (as‘the ozannzatian

fof the finely gulverize& mﬂﬁmriala.? Th; aamyles wex% oanatantly

iagiﬁateﬁ auring ozaaiz&tion 33 wr&er te aure maximum exposura

te the azaae. The potaaaium eamnauna wa ;toun& te ﬁac@lorize

omnsiderably &uring the tlme reqnirea fanwghe eamplete analysia,

‘with %he reanlt that relatively small percentages, i;e., 1GW
oxygen caabent per gram.af aample, wera ubtaineﬁ in tna
vanalyaea.; For~tMis reasan, the majoriﬁy af the aetermiﬁabiana
;were reﬁeete& an the baaia of insuffieient axygen eantent -

less than 1.5 per cenﬁ of K03‘~ af tﬁe*\amglea. Only two
determinations af the . petaasium campounda are reporteﬁ

in Teble III.
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Table II

Sodium "Ozonate"-Summary of Magnetic Moment

_plliad3)  pNaOH-0p)  p(NaOp)

M1 2.0 1.8 16
Na IT*

Na IIT*

T W 1.6 % L2

WV L7 1.6 1.3

Wa VI ,1'5: ‘igé- 1y

‘Ne VII*

NaVII L2 1.0 0.9 Lo
We X L7 15 13 1

* ﬁa II xxx, ana VII w&re uaaﬁ up inw
‘analytical methods, 80 that analytical’
However, values of’ magnetic suscepbibil
indicate the. presenca of a\naramagneti{
m;xtures.f

Z1ng .
a-‘are nob availablayW
ﬁterial in the

o3 for these samples
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Qhe nesium eampeun&s, althaugh rataining g

iaaloratiuu fairly well &uring the handling op&ratiaaa,

flxheratea.much lasa axyganbpex gram cf sample than did

{tha aarraspanding saaium e@m@aunaa. This cbrrespanﬁs ta the
hultes that
:ozanatea eeaium nyﬁraxiﬁe cen%ainea lesa available omygen
hyﬁrcxiaea of the
: minimlz@ the
geneity) Qf ‘the
br the 1n&ividuai

;observatinns repartea by kanensﬁ end Kam

f(@ﬁr cant by weight) than ﬁiﬁ ths azmngt
1othar alkali mﬁta&sg ?heﬁef&re,lin orde
ferrara aue ta insuzfieieah mixing {na'
 aample, hna eatlre weight af ﬁroéuc%;us
%magnet&a measuremanﬁs Was useé in the _ysas;*fmhe entira

 csntants 0f th@ waignlng hube were'adﬁeﬁ %0 the deaamnaaitian

ohamber af%er mugnatla maaeurements hahjbeen taken._ The

ipereenhages ar cesiumﬂbzunata"' calaulafe&“an tne baaia of
CcsGB, varied ba%ween 1.6 per cant and 2.5 per aent. Tneae -
‘percentages are, a&mittealy, quite lew aﬂd preaariausly alaae
\ta tha 1imit of aeauracy of the analytical methad~fhﬂwever, ;
tha cmnaistenny af thﬁ results snown 1n Tabla IIK can saarcely 
j\be ﬁeniad.

e Tne magnetie mmscepﬁibxlltg of ¢$sium hyuroxiﬁe haa not l
'been rsyarta& in the 1iterature« it waa ﬁnerefara neeessary :
',tc determine this qaaatlty befare final calculaﬁiens eould be
jma&e.‘vﬂMis was accommlished by aetermining the suﬁeeptibility‘
,:bf tha eesium‘hydroxida (maaahydrate) uaea in the azanizatian
'atudies, weigning out Bam@laa far analyais,‘and titrating the |
'samplas ﬁ&th 0.0?5 ﬂ hydroehloric acid, uaing tne pﬁenolphthalein
\enﬁ point for the detenmiaatian af the hy&raxide cuntent ana
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the metnyl omnge en& point; to &emmma f,m »&zrbonate

&ifferenca.

content. “‘ne emaunt af water waa datmmmd :

ffh,e values so ebtaﬁ.aed were uhen, usaa to"~ aewrmine aha

:Wiaﬁamam additivity law. Da‘ba obtaine‘”“ /

(") magnemc uata' \amram °f £

weight of sample~f111 ed tuba
"weiwt of ‘emphy tube ‘
‘welight of sample '
Awstube) a‘b 6.30 amps.
Aw_watsers 6.30 ampgs’ . .=
Aw(sample$ at 6.30 anpge. o=
_volume o:f tube to inde:x mark
Ypax = (10,03 =-0.75 x (=3 .6,.

Xmi = =0, 251; :t 10 6 cgsu /g.
.Three samples were ﬁhen analyzed titrimetrieally for

ceszum hyﬁraxiae ‘and’ cesium carbanate with 0.0915 K nydram
chloria acxd solution, using phenolphthalein and methyl
orange aa %ndleatnrs, water ‘was éeterm&ned by difference,

and the wezght per@entages of the canatituents were aalm‘:}
culated. The average values of the peraenbagea or tha three
conatituanta were fbund ta be CSOE, 86, 6%; GsQGOB, 1. 8%,
Hu0, ll 6». Qualibatlve testa inﬁiaatea uh& abﬁnnce of other
eantaminanta, such as nalides, nitrata, aulfate, etc.‘

The suaceptibllity of eesium‘hyarnxida'was then ealcu—
lated from tbese data, using the wiedemana aﬁditivity 1&%.'
This value wes faun& to m.’~

fx (GsOH) = ~O.203 x 10 6 cﬁsu./g.
From this value, the gram susceytibility of the mixture, the
analytieally ﬁetermzned fractians of th@ cmn«tituents, and the



:valu&s far (cgzﬂﬁa}and 3g(326, *EyuaJEﬁ in the literatureBQ

the gram suacep%iblllty of ceaium ”azanata” waa determiae&

fby utllizing une aaditivlty law; énbwd"'ﬂh calanlatmana for

iﬁ‘ﬁgblepizlg~

t’-;m&gﬂams mumanta gmducea ‘the &aﬁa mbul el

‘ : “"f Geaium ”Ozanate" Sol tiansf{
| ”he appliaaﬁ

‘an nf the ”matneain ﬁmixtures“ to samplas

‘ai azonated caaium hy&raxida in?alveu;t ﬁaum@tiaa that

thesa a&mgleﬁ wers &imﬁuraa af Gnly fa emgeneﬁﬁa

'(hyarnxiaa, carbenate, water, an& ﬂaz' €¢ The praeenee ni

an appreexable amount nf fif%h eoastltu ;noﬁ ecva:dereé za
;ﬁha calanlatiuna, wou3d alter eaaalﬁara V;the caleulatad

rasults. ihe salutians resaltmng from 4 "nc¢diu ﬁacsmpositian

'of samples ef o ouated eesium hyéroxz&e é‘faund to 11bera%a
iodine fram &@lﬁi ied p@taasium.io&iﬁe aalutian,‘ Since
 czonaLa& saﬁium hy&raxide WﬂS faund ts evolve axygaﬁ, upon
:éenonpoaitlan ui%h\hy&rioaiu aaid, wlthout a cancomitant
'axidation of isﬂide ian,kit 19 not inconcelvable that tha
 oxidizing poW@r displayed bv easium "azanate" salutiona is &ae

Ftog ne presanee of a acmpaun& ather than eesium‘"amonate»

,Iz*auqhkwawe the case, tne aata shown ia ra&le IXI would be
xvaliﬁ only if tha reaulﬁing salutiena diaplayea an ina;greaiable
amsunt of oxidizlng pawer in aampariaon with the amounﬁ of

nygen lihexated. Ia oréer ta establian this Qaint, acidxfied
patassium ioéiﬁa aalut an was usa& as a aecampoaant in ‘the "methoa
“of mixturaa" aad the iodine*libexated was daﬁetmined by titra»'
‘tian with arsenic(III) oxiﬁe, af%er the valume af evelved |
exygen had been msasurea‘ Ia ﬁbms manner both the amount of

oxygen 1iberated amd the amount af cxidizing @cwer remaining in
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Table ITI

Analyses of Potassium and Cesium "Ozonate" Mixtures
Fotassium "Gzon&te“

sx . x | ;uKQH g ‘ ,oK;,:GOS

K1 -0.23 x 10“6 73.8 2.2 ‘Eﬁfﬁj‘ 180 15

K II -0;24.35%0?? 80.0 ;g°;7f ;L?§§  . fl.&f ~“15#5

i ﬁgﬁ‘ %KOB* . P‘

Cesium "Ozonate®

me . %0sOH ﬁcszcga s
O T ‘?-o 075 x 1076 87,8 o o**  23 e
G T1 0,039 210 83 0 128 2.5 2.0
s ITT 0,153 x- 1o~6y‘sa.4 10 o B 22 L
s K#A -0, 22613910’6  851 70 0$$: fu#_:; :1?6V:viF2]
cs V -0. 107 = 10~6 ‘3555 ‘,llﬁﬁ ', ‘;;1;5  :1,7‘

A:*As ealeulate& frem oxygen evolution., , ly values ealcnlate
for K04 and Ga@ are showh here inagsmuch as the other. three &
suggested form as for the "ozonates” woul&'give lower values
than the values snown here.

**The absenae of cesium earbonat@ is attributable to the extreme
- gare taken in preventing exposure of these samples to atmospherio
carbon diozide. Samples taken from freshly opened bottles-of
the cesium hydrexida were found to be easentially uarbonate~free;,
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av&ntien eaul& ba ﬁetanmlaeﬁ frww the same samgla' )

Taa exparimental teehniqga invalveﬁ in these dater«‘

,minatiaas was exaetly analngmua ta thatf alveﬂ 1n the ﬁ
k"mathaa af mixtures“ Tne &eﬂomQQSanh‘c naisﬁa& af 10 ml.»

fox 1‘2287 i hyéroehlaric aeid salunion f

yotaaaium iodide:salutxon, &11 q&antitie s |
iaf ﬁipezhea anﬁ mixeﬁ”well befcra aﬁding ﬁhé aecampasant

'reservoir..‘ﬁ blank waa iirst ﬁetermina& undér aimulated

axperimantal ccndltians in or&er ta esta&lish the change in

fvolume dua ta the a&ditian ef tne decomp sant as well as

:the amount af hydricﬁia aaiﬁ axidized by the mxygea in tne
system., The aciéified ioéiﬁa aalutian,was\permitteﬁ to stanﬂ“

nin the oxygen~filled atmﬂsyaere af tne4d eom@ositian ehambar
 far 30 minutes, tne average time requiie& fur an analyais*
Tne ehan@e in valame due ta aﬁditian of the ﬁeeompasaab waa :
 detaxmine&, ana tha iodine liberate& by the nzygan was >
 than datexmined by txtraﬁiaa with G,QSGAE N araenia(IIx)
 ox1de salution, uaing atarah aalutioa as. an indiaatcr. 7Ak 
aemiwmicra buretta was - uaeﬁ 1n all ioﬁine titratians« Bata

on the blaakyaxa»f

~ temperature = 25,5%0°
 pressure {(corrected) = 731 mm,.
‘cnange in volume &ue to deeampaaant m= 16.30 ml,

v«vmlume 0. 056&8 N A3303 aaluticn tm titrate Iz = O 075 mlg
jwere then azanate& at room tem@erature, weighe&, and a&ded
“to tha aeoamposition chamber in tha same mannar aa Was used
fin tﬁe Wmethod of mizturea“ The "ozenate" waa then deaomn'

;poaea by meana af the decamyasant (5 mli cf 0 l H Pctasaium



‘ 10?’5»
iodiée salution ana 10 ml. of l 8287 N hydrocnlaric aeid

solu t;ien) and the volume of 1iberated aases ﬁeﬁ,_,_‘

‘remaiaing in the decammaaition ohamber:
with sodium bica”bonate and the lodine

ch w a libarated

:during the dacompoﬁitian af tne “szonate“ was‘t&ﬁrate& witn

]0 05048 arsenia(III) oxida seluﬁian, us stareh solution :

as an indicatar. ?r&m these ﬁata %he‘am unt"ofw”iberatea |
tioaine as well as hhe amount of evmlvadijygen was detexmined,

A sample ealcuyation follows:

‘weight of sampla | =1, 0236 g
“temperature. . - = 28,5 3
‘pressure (corrected) = 729 e
change: in volume = 18,60 mli

_volume change, at TP

volume decrease due to 002 absgrption
volume of carbon’ ﬁiaxiﬂe

volume of oxygen, at 8TP =R Lo
mols of oxygan R 2 % 10T
volume of 0.05048 N A3203 uaed to. titra eilzu“aWoéggg;mag;,
volume of 5320% blank 7 0,075 ml, |
mols’ xa :1iberafed during deczmpasitinn Y
‘mols Ozlmols 12 ‘= L, 20 x 10“ /0 52 x,lO

The resulﬁs Of fiVe sueh determinatlons' e:tabulated in

?ahla 1v._ ?nese data show that tne amﬁ' vaf exidizing pawerc
*ramaining in solutian after decompositi of cesiam "ozonates"
is’ very small in oomparisan with,the amouny'af axygen avalvedJ
such being tha case, the results baseaﬁ”; tge data tabulated ?

in Table III woul& appear to be campletely vali&.,
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ﬁi&. Iv.
Gamparisan af‘Liber&teﬁ nygeﬂ %ith
Raaiﬂual ﬁxiﬁizing %ower

‘we;ghﬁysgggla mols of Gg mols Gf Ig 0p/In

(2) & 02 x 3,@-5’
(3) 'l 20 x 10"41‘:‘;
(4) o 692107 2,33
‘5‘"’;‘:'0"5439 s-i 402 x 10757 6.3

;&uantitative %tuﬂiea on the Extracted “O”Qnatas”

Aa has alraaﬂy been mentionea, pota ginm ana aesium

uozenate ' ara‘spparently quihe saluble n,liq

'far they are readily extraete& fram the unreac%ed’hydibxides

fby thia sclvent‘, Evaparation ef the resultiag salaﬁiona

9raduoesrad soliés*whicn are»deacmyosed}b"water or aeia with

‘a eonaomitant evalubion of’ @aa. ;ln oﬂdn é!ésﬁéﬁliéh ﬁne
ative determin~~

natura cf thea -suhsﬁanaea, sevaral qu&ﬁ

fatiana ware ma an,botn the pctassium,v gesmnm materials

 axtraatea bygl qniﬁ ammania.‘

Thia’work oa the<extxaat of/azana”" zpataasium.hydroxide
'whicn Was reported by Kazarnovskii Nikclskil; and Ableﬁsavalh
‘(repertad by tham ta be Kﬁa) was first repeata& 1nsofar a8
waa poaslhle, and then aimilar studies were can&uated on the
‘eorreapandlng caaium comyoun&s. Tﬁe experimental teehnique

vinvolveﬂ in tha ozanization of tha hydrﬂxiﬂeﬂ were similar to
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those whi¢h.have been already mentioaed.} A Samyla ef
pulverize& ﬁehydrated pctassium hydraxi&é was @laaed in
'tha nzonlzation enamber (&) snuwn in ?ig. V. OZGAa-

oantainiag oxygen* wag tnen passed thraugh theﬁsampla aad ‘j

permitte& tu nass tnruugh the stopcock {G) iht  £&6 oalcium

oxide tower (ﬂ), ana then into tne sclut”an:af Potaasium

iadiae (D) ’ (The labter two suhstanseskweréiutilized to '

’deao&pase any efflusnt ozone ) During thy azenization

prooess, tha sample waa perxodically a@i 'ed in order tn

expose tﬁa maximum surface to tha ozon ifis was acaomplished
by tanping tne reaction vesaal genﬁly witl the fingers, ar

by periodically opening the aﬁopcaak (F} ané parmitbing the
vgressure in the calcium axlde tcwer tc z rda”the gaaaa baok

_bnrougn the aintered glass filter anﬁ up thruugh‘tha pu1~f H

verized sample.. when t&e sample appeara o bé;wallnnzonated,

the curre tupassiag through the 1abaratm 3 030 er waa turned

yoff, and‘drylcxygen,was paesed %hr&ughﬂt a:aample in ardsr

‘to. remove all traces af residual ozone that‘might oxidize

the ammsnia ta be used for ex%raction af tne.ngzgﬂatea After
;gzo minutes, tnesﬁ

washing the sampla with dry o»ygen far'a

'oxygen was turaea off and. the stapcock‘(G} was turned 80 th&t
qugr.~ Cooling baths

vthe system-was opened to tne ammania cyl

*The laboratory ozanlzer which.was aascribed earlier was ‘
utilized in all of the studies on the 1iquid ammania extraction;
of the "ozonatea"



Figure ¥ Apparatus Used for Liquid Ammonia -Extraction of Alkali
Metal "Ozonates"

2

‘OTT
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of celloaolve and salid carbon diaxiﬁe were preparad 1n
'newar flasxs {I and,J) ana these bataa were bhen §laceé
aroand the ahambera (K and. L) aa ahawn in Fig. V; stap-
fcooka (G) anﬂ (H) wera eloseﬂ 3@ that she aallectien veasel
(L) was comgletely alaaa& to the atmgsphere and %a the

rema;nﬁer of the system. Whan tne "azaagte” waa cmaleﬁ to

‘the tamperaﬁure af tha ceoling bath, stopdaek (E) was
apened, anﬂ tank ammonla was gasae& through the pmtassium
'ﬂy&raxiﬁe ﬂrying towar (a) ané intn She azaaizatioﬁ vvsaal
wnere :z.t: r:mdensed an tmp af tna azomtad hyﬂraxide and
eztracteé the “azonate“ . ﬁfter agpruximately 10 ml* of
liquid ammania haﬁ baan collaote& in the azoaizati&n Vessal,
atcpcacka (H) and (ﬂ) Were opeaeﬁ 8o bnat the salutian

waa free tm paas 1nto the callecﬁlan flaak (L), 3bcpcack

(F) was clcsedE aﬁd hhe eoaling bath (I) snrraunding tna
amlutian Was removed; Wh@ preasura ar tha ammonia from the

tank foraea the salutian inta tne aallectlon veasai, where

it waa penmittea to evaporata ta dryne&s by remm_ mg tna
coeling bath (J) aﬁd passing éry oxygem through the system.
e It vas foun& neceasary to &ry Lhe system well before

any extraatzon was undertaken, partioularly ﬁne smlleotion
vesael, since liquia ammania readily absarba moiature.
Pataasium hyarmxide towers Were used far 6ehv&rut1ng purpaaes
sinee magnasium 9erehlorate raadily absorhs ammania; tne dehy~
dratin& nower (B) 1eading ta the oallecti&n apyaratus was
utilizad 80 that atmaapheric moxsture eeul& not aiffuse into

the collection flask after evaparation of the liguid ammonia.



Tahle ?I. Analysas of Extracted E&aterials (f}esium and Potassinm‘

«“azonate" daeumpcsani; mo}.s 03‘ mola MOH % Ga %ﬂgﬁ 33103-3 Iﬁ

" .:'8.0030?94‘:
- 3'@.600052

: lution was La ed ta the solamon remsining
: : iation with 0,0915 N drechloz'ﬂ.c ‘aeid; the iodina libsrateﬁ was“
titrated’ '1&/0.05048 EI arsenie%’EII} aoluticn S

i : » 3 ption: Ithai; the only proénets of ‘re,aet: ¥
with watex' are 0,3 md KOHe This assnmptien would appear valid in the light of
~the fact that the solutions left after. deecmpasitian 1iberatec1 enly traees of

10&1:;& from aeidified potassium iodide, .

a1t
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When thﬁ liquid ammania sulution ha& evaga:

,dryness and all residual ammonia haa been awepb ut: by the

stream of ﬁry axygen, the callectian rlask (wﬁiah was noﬁ

rlubriaataﬁ) Wa'"”

an analytiﬁal“balanae. ﬁfter thexweigh
{minad, tne callectian fiask was fastena
?apparatus (Fig. IV), where it aerVe& as
1ehamher. Tﬁe rad soli& was then analyz
'hy ‘the previausly deaaribeé mathada,jagi L
zaalutian analyaaﬂ titrimazrically for al ii’contant‘ ﬁimiu
lar analysea wara performeﬁ on samples~ﬂf‘extractaa ceaium '
"ozonate“, and reaultﬁ far bath eﬁa potaasiumvanﬁ cesium |
‘campounds are tabalat@d i& Wable V. Inasmuch as tne weight
of the callaetinn f*aaka useé in theae ataﬂies wera appraxiu‘
mately 50 grams, Waighta of samnles af anly 50 to 100 mg.(
were not eonsidere& suffxeiently aceurahe ta warrant inclusion
in this table¢

Several different deeom@oaanta wara useﬁ in the enalyaes'
of tha ceaium aﬁd patassmum m&teriala, and the results of
these var&ous analyses are shawn in. Table V; Reaults of
two analyses cn tha cesium aompound, ahown in the first two
rows of the table are baged on the usa af acidified potassium

10&1&& selutian aa & deoamposant* the reaulting»sblutions Werex

neuﬁralizad wmth,sodium,biearbonate and tne iadine 1iberated
waa ‘titrated with O 050&8 ﬁ arsenic(III) oxide smlut&nn, using
_atarah solution aa an indieator‘ The follawiﬂg row in’ the

table shows the results: obtaine& fram the use of distilled water
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_as & decnmg&sant; aft@r maasurament af the evolveﬁ gas.

;aaiﬁified g@taasium ia&i&e salutisn was adéea t ‘the result~

:ing salutian‘amﬁ the ic&iae liberated wa“ determined titri«y‘
‘ ' "Thﬂ fourth and fifhh rows 1n the ﬁable show

kﬁata mbtained from tha use of an aquamus Easpensiaa cf
feaulhiag'salutions ‘
eiélanluﬁien ta

fmanganese ﬁlaxiée as & deaemgasaat* tﬁe:
fwexe titrated mitp o 0915 N nydroehlari
t&etermine the alkali cmntent. 1n cne o
 aeidified patassium zodide aelutian‘waa'a ﬂﬂﬂffo the anlution.“
e ie&ine libarat&ﬁ

“ase‘determinationagf

'remaining after titratxan witn aeid,

‘wms ﬁeﬁezmined by ase of arsenia{III) nxiﬁehsalatianq These

‘data show that treatment of the solid “"ozcnate” vith water
1or aciﬁ ﬂoes nnt apyraciably affeab the inherent oxidizing
pawer af the &alias~v Tne amount af aeaium hy&raxide impurity
‘ia tnese (faurtn and fifth raws} oesium‘“ozonate* samplee
_was sueh as ta renﬁer the peraentages of cesinm manoxiﬁe ana
exygen uct very aignificant‘
| Tha sixth and seventh raws of Table V give tne xesulta o
abtainad by deocmﬂoalng sample& af the potaesium compound with
,ﬁa%r, m&aaumng ﬁhe evalved gaa, and ﬁ:itvating ‘ahe resulting
1»‘.s;z:a:mt;ir.urm witn G 0915 ﬁ hyﬁraehlorie acid aolution.g &daitxua
of acldifiﬂﬁ gotassium iadmde ﬁe these snlutiena after neutral-
;lzatian by the hyarnahiario ael& resulteﬁ 1n tna 1iberatlon
of only faint traces of ioﬁine, (?hia behavior is ta be
'eontraated ta tﬁat shgwn by the sesium compouna») Hawever, it
}muat be stateﬁ thatvaanaiderabla quantiﬁies of" lﬂdiﬂﬂ are.

‘liheraﬁed if the solid extract 15decomposedtyacidifiedpotassium
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;iaaide* The caleul ated pereentages of sxygen anﬂ patassium*»
,manaxide ‘agree . favorably wmthAtneaaaaloulated far ‘the
complete deaampaaztion of maﬁarial of gra!sfaampositian K03.
‘Tne last row in mable 'V shows the amounh hf axygan liberateé
]by heatxag a 0 9319 g. sample af the pataasium comgauna far

fone hour at 5006. The peroentage af axy en; ealculate& cn

“the basis uf the tatal weight of the ' compdﬁnd, is very
,rcugh?y aquivalent torthat ealeulahed for hhe axygen liber-
mate& in the. deeomyesition of KQB to KOp. ?Obaervea, 16 0%

caleulateé, 18, hﬁ)t

A‘few ntereatzng nbservationa W@r“?maﬂa duriug the stuay

of . the eztracﬁed matarials. vhen wat&r
e potassiun
place with almost axplasive violaaee auﬁ_is'acaémpaniéd by
a bright flash of light. The. brlllianceiof this flash

aﬁd@& ﬁe axther

‘ior ceaium material, tna ﬁe ampaaht{on ﬁakes

seefig to dapend on the’ pur&ty ‘and quantity of the aample. '%he]
flashes are aecampanxeﬁ by au&den evolntion af gaa.i Wnan the
'axtracted mameriala are a&daﬁ to water imme&iately after
preparatian7ana tested with a solution af tit&niﬁm(f?} sulfabe
salution in éilute sulfuric acz&, no tesﬁ for paroxiaa 13

obtainea. The oesium aolid material gaVa na taat for'per-;,

oxlde aftex atandlng ia a steppereé veasel at roam:tem@erature
for seven days‘; Wnen tne substances qre neated (te 5OQG far
the potassium material ana 100~150°G for'the cesium matarlal),
“the red ccloration ﬁxvesway to a mlxture of white aﬂd yellcw

and posmtive paraxide teata are obtaine& an t&ese substannea.,
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‘Tha resiﬁae remaxning an the filter aftar extraetisn witn

,li@uid ammnnia gives @asmtiva ﬁeraziae teata after sevaral

‘EQQGEBQiVe a&anizations ané extr&atlans’_the resi&ne fram

faiat

‘the gctassium mat@rial giving anly an exaea&ingi:

,tes%, but the reaiﬁue raamining aftar extr&atiaa or easium

r"ozonat&“ giviag a fairly gaoﬁ ?@3031&

?heae abaarvaﬁiona ﬂ&n be iatergra ;£¢ @§6§ ﬁh§h the
textracte&nmaterials da aat ﬁecom@oae tai yiaarQQépbaéing'
yanpercxidas (ar peraxidea) whan aﬁded t ’ax_ar aaié, but

”that they da ﬁaeampose tm tﬁese Substanae 'at higner tamp-*
Th

ositive peraxida
the filter after
&iaatea that a

ferataras in the absence af maistura.\

tests obtained an the residue remaiaing
faztraatien with liquia ammnaia prabably

 very small &mbunﬁ of sugewaxida (ar pezﬁxiﬁe} is formed during
‘the reaatian with eﬁcne. Tﬁa failura ﬁa obsarva yasitive |
:§¢roxi&e teats 0& small quaatitiea af n0&~emtraated potasainm
'anﬁ eeaium "ozenates" ia prebably aﬁtributable ta the axtremely
:small amaunt of aup@raxiae fmrmeﬂ.~,&ne flash@s nf light
obtained when tne extraated materiala are aﬁ@ed tc waﬁer
(grabably inaiaates merely that a very 1arga amuunt af energy
is release& 1n the ﬁecampoaitxan preoeas. If tne rea soliaa
cantain mabérials passesalmg the formnlag KG3 and 0303 - anﬁv
}tne &nalytical data waulﬁ aeem.to bear aut hﬁis eantentinn -
:this liheratxon af enargy shauld not be unaxpeata&, since
’ozone itaelf aecompasea (when present in high conaantratiaas)

_to oxygen witn explosive vialenae.
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Ozonization of Gancentrated ﬂlkali Snlutions

As was ﬁtate& previnusly, passage uf ozmnanﬁantaining

oxygen inta concentrated (12 mJ solutionslnf gataaslwn
hydroxide (aaa.cesium hydroxide) resultsfin tha”£crmatian

af a yellaw color 1f the temperature off he rea@ﬁinnwis kept_

belaw ~353O" (Sadium hydraxiﬁa doea n shaw thia behavior).

This yellew color is greaumably dus ta“the'formabion or the

Tozonatem. ﬁn attemgt to gather some quantitative infor—

xnaticn eoneeming the nature af %heae yel ow aolutions was

made by takingAmagneﬁia.meaaurementa an.bwem at lnw'temparn
atures (-35%o0. «59"0) .

Since the aolor of-tne potaésiﬁﬁ‘é"*"ﬁions ﬂisa§pearad

vhen the temperature rose above ~35! G,fi;_Was neaesaary to
devise a scheme fcr ozanating the solutibna at ﬁha raguire&
1OW'temgeraturea and abtalning magnetio meaaarnmsnﬁs withoub
’permitting the temperature to rise. above tnis value at any
thne. In erﬂer ha acoomplish this purpose, it Was ﬂeaessary
to so adjust the magnetie balanee that it aauld be use& far
low temperature measurementa. This. was aocompliahed by

s’il-»

\separatina the gsle pieces cf tne magnet aa that anf
vered Dewar flask of a@proximately 60 mm, G.D. could be ,
placed between hnem._'A clamp (of a. nan~magn®tic matarial)
was fastened ta a braas rea exten&ing vertically tnrough the
;supportlng table, and so arranged tnat iﬁ hal& in a vertieal‘
’positian a ?yr@x restraining tube (open at hhe tap end) which
_dlpged 1nto the Dewar flaak. This tube, wnian was abeut

30 mm. O, D., was of suffioient length tnatAit extended fram
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the balanaa pan ta a paint ahaat two 1aahaﬂ beluw ﬁhe

:‘Vartiaal
:'g b h in the

Leentex of the.magnatie field.‘ Whan alam'a&,in
”“ﬁ;Qgrmiﬁye&wﬁQ,diy}iﬁtﬁﬁazggé
,Dewar flask, !

'pasitian

‘”uba y@rmitnaa a waighkng tuba fsuao

fpanﬁed from the; alanne pan) tm hang freely be ;een the pela

;pieees of tha magnet insiﬁe tﬁa eoslin‘? paratus'withauk

‘tauehiag tna cam‘ing bath itself. Sina@ a«newax flask waa

;penﬂe& weigning‘tube ﬁuring the eaursa

‘measuremenﬁ.  Tha anar flask w&a merely pexmittaﬁ %a stand

atmaspnerw a?whicn the m@aeuraments war_ tafb ,kaken coula

‘e kept. xalatively free af mmistuxe bylm\ana of eantainers

of ﬁehyarating agenta sueh as ealcium chlo#i&e, eta¢ This

was aeeasaary in order to mznimiaa tne;[ cunt ﬁf moisture
caadensing on the wﬁighxng hnbe auring th& a@urae of 8
,weighing at law tmnperatures.A}

Tna waignt and magnetic auseaptibility of the emphy tube

was detenmine& unaer ‘bhe, same eanditxaﬁé:af tamperature an& |
ihumidity thah‘wnulﬁ prevaxl during magnetia measuremenbs of .
the azon&ted sclutions‘ ‘Tnia was necass&ry 80 thaﬁ the gain
'in Weight aue ta aonﬁensed,w&ter vapar*wmuld nat constitute
an error auring susaeptibility deherminaﬁians. In addition,

jsugcggpiyiliﬁy,measunemgntsLon;lzmmfpetﬁasiumyhydroxide,
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saluﬁion,”Sa#arate&fwith oxygen, were made under the same
'eanditzans. 
| ‘Since &iamagnetism is aupposedly temperatura-in&epandenb,
tne ealibration af tiald atéength*waa d
ing the tube £illed with water at room mmpérawre. “The -

rmxned by weignn

Dewar vessel, filled with cellesolve,“anﬁ tha rastraining

tube were alao in posmtion 56 tha% expé
might be axmulatea. When the field strength anﬁ botn the
weight andikw of the empty tuba nad bee ideterminad, the
entire ceoling aﬂyaxahua was tranafarrad tm the nooﬁ for uaa
in the azanizatian reaction.

Tne Weighing tube (22 mm, 0.D.) wa&*%hen filled with 12 m.

potassium.hyﬁraxiae sclutinn and place‘;in the reatraining
tube whiah reste& in the cooling bath {-50 c}. Ozone~‘

aantaining axygen was slawly bubbled thraagh hh& salutiun by
means of & small (3 mm. 0. D.) Fyrwx tub ;until a definite
yellow aolar wasnimpartea to the salubimn,gfﬂ"’*‘

tube was then removed, the cap place& on the umi@hxng'tube,
and tne entirs ensemble tranaferreﬁ to the magneﬁic balance.
:The aolutian-filleﬂ weighing tube was auagenﬂad fram.tha
'halanee pan, the restraining tube clampad into pasitiom, and
7the magnetio meaauremanta quickly takenjbefore thp yellow

calar fadad. ﬁt no time waa ths aolution~fxlled weighing
tube pexmltted to leave the canfines mf the restraining tube,

which was suagen&ed in the cooling bath{a ance tne Dewar :
flask was unsilvereﬂ, the color af the solution asuld be nated

thraughout all operatlans. thermameter, wnien was place&
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?able VI. .Maggetia baﬁa nn onnatad ﬁalutinns
,(Densiﬁy cf pstaaaium hydrsxida aalutians L;zés g./mla

ingﬁenwnzcaatea, saturateﬁ with oxyge't )
;Bj.,:iﬁmnnamnateﬁ, aaturateﬁ wi%h csxygm
1&}_&26&&%@& solutlon {bhﬁ° ta «509614
;Siiﬂzanatea aalutian (whﬁ” toi~§ﬁ“ﬂ};
féf,ezanate& aalftion (-&00 %a‘wﬁo?q)i
j7);ﬂzmna eﬁ_sclufion_(waﬂg to‘#ﬁﬂQé}”
;$) Czaaate& salutian (-AG“ ta 45Q9¢)ﬂ

{é),ezanaﬁaa sal ‘ﬁé (~a0a tQQJEGO@X”
‘;0);Qzanaﬁea snl timn (m%on tag~50“$)[

ir%vﬁ#ﬁeﬁ af ktare givan in 10 6 egsu./ml VAlﬁe$¢¢f72faxél

given 5;:1 19"6 Qgsu./g. :

4'Nﬁtat The lack nf preoisian 1n the valu' -;L) throngh (10)
is attributable %o’ the difference in the time involved in the
various measurements. Since the yellow color faded slawly :
with time, even when'the temperature was' kept constant, a.

- greater time required for magnetic measurements would permit

‘greater aecampmaitian af the paramagneﬁia material.
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in the cooling baﬁh, prcvxded temperature raaﬁiaga thraugn~%

out all operatznns* golid earbon axaxiﬁe.waa aﬁde& ta tne v'

ﬁewar vessel periaﬂiaally 80, that the tamperature Waa nQVQr
allowaa to rise above -ho G,

The vclume susceptibllities far seve?"

“potassium nydroxide sulutian (ar the sf
whicn haa beaa czonated at -a0° ta ~5o°
wable VI.A By ﬁividing these values by : }
salutians (1 265 g./mla). tha gram susa ibilitiea were

alao determinea. As a standar& for aampariaan, tne suseep-

tibility values fer potassium hydrcxide swlution (nf tﬂa

same aoucentraﬁi&n), whieh had been saturatea with axygen

under the same oonditions, are also shmwn.} The data ao litble
,to estahlish the nature nf the yellaw subatance 1n aolutien,
but they do 1ndieate that a paramagnetin substance muah be :
'present. weissl3 nas sumgested that the yellow subatauce 15
.potasaxum suyeroxide. Hawever, the aata in the following

section waulﬁ seem to refute ania hypothesis.

Stabllxtgﬂéf Potasgium §gperoxide in Alkeline Solution

If weisa‘a hypathesis, that the yellaw caior of %he |
ozonated putasaium hyﬁroxide solutiona is potassium supar-E
<oxide, is eorrect, then the superoxide ion mustfba aomﬁwhat
atable in strangly alkaline solation at law temparatnres.! If
auyeraxide ian is stable in strangly alhaline msdium at luw

temperatures, aﬁdition ef such a soluticn tc solia superoxide
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at -AO“ to ~50°G shuuld not rasulﬁ in eam&late decampasitian

'Qf tne sugeraxiéa. ﬁn attemgt to aith@r Varmfy ;ﬂisgrave

‘tniﬁ hygathesis waa made by a&éing aaaaaﬂtraﬁed potassium

khyﬁroxi&a aalatien ta Weighe& eam@les a

atassiamkau@er-
ozide’ aﬁ low temparaturas, ‘and- mﬁasurin‘,whgfevalnﬁian;Qf;

A ﬂampl& uf?pataaaium suﬁ vﬁziae {9?‘H {faen%»9uxity)

waa waighad a& ﬁn aaalgtieal balanca aﬁ aea in a vessel

far attaahing so an analyﬁical myparatu 1alngaus ta-theﬁ
aae ahawn iu Fig. IV. (Eﬁ thia caaa, ‘h Ver, sn@ aeaamaﬁ
aatira aell ~‘ :

d;ba tnerm0~‘

gaaitlon aell was 80 eanstruated thaﬁ the
uneﬂw&ing ﬁhe deaam@asant resaxveir ~ic }
atat%ed at »5a°a, nr lawar, in a large Dawar flask;} The
fvesael waa attaoheﬁ to- the remainder of tha a@paratua and,
;Ten &l. of 11 o

helﬂ in § mne by meana of rubher bands;
pataﬂsiam hydroxiae salutian w&ra aﬁ&aﬁ ﬁs tna dacam@ﬁs&nt
,reservuir and boﬁh the aeaompnsant an& a&geroxiﬁe were thermg*,‘i
sﬁatteﬂ ah - 0° ﬁa ~50°G, in arder to minlmize any decomposition
due tu 1&0&1 neating.\ nen *he system haﬁ reaahaa thammal
equilibrium, tha aolutian was eﬁdaa to the deanmposition
fehamber thxnu@h tha ateyeaek sagarating tne ﬁwo ahambers, .

anﬁ the vblume-of oxygen evolVe& waa measured, aue account

far the velume ﬁue to the dacampasant b@ing taken» Fram this
voluma and the weight af the supervzide samgle, the vvlume |

'of liberated axygen per gram of aample was' calc&lataé.» A

gample oalaulatipn xollowa;f
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temperature of decomposition cell = =45°¢
temperature of burette = 30,0°C
pressure (corrected) = 725 mm,
“welght of suyeroxidc o = 00,0570 g.
- volume of oxygen’ liberated = 14,80 ml.
volume of oxygen. at STP. o=, 12073 ml.
‘ valume af oxygen (STP) per gram. #,323 /g.

The resulﬁs of fbur sueh detarmin"' aé ara 3hown in

Table VEI, The pobasaium superoxide usa "'thase experi~
ments was faund to give up 23( ml,v oxyg ' ger gram nf

material upon complete decomgosition. Tneﬁvalues ahawn in”

Table VID aan scaroely be attribute&’t,;anytning otnar

~ Data on Stability of Superoxide in Alkaline Medium

wt. sample temp. (bath) vol. 02 (ST?) vol. ag/g;fféﬁyl#

1) 0,039 g, =48% '8.73 mi. 236 nl.
2) 0.0570 e -15% {_1?. 73 mz.f_'; 223 ml,
3) 0,083 8. -48% 1420 mz,.\;f ',"‘175 al,
,_tp) 0. 1395 g;.-y"' | -49°cl 33 eo ml 236 ml.‘

j*aamplete decompasition of. the potassium
‘in these studies gave 237 ml, 0, (STP)/g
potassium superoxide would give 158 ml

deeompcsitian to potassium peroxide. o

suparbxide utilizeé
One gram . af\pure
- (8TP]/g. upon.

than decomu031tien of the superoxxde.ff 1 | lue:
175 ml /g.”ls much greatar than tna volume of oxygen whieh
would be evalved when oae gram of potaasium sugeraxi&e decamn:
fposes e potasslum peroxiﬁa» Fuxthermore;ithe salutiens .

remaining in the deaamposiﬁiea chamber were tested with
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aciézfieé poﬁasaium iaéi&e salutian within 26 minﬁtas

after ﬂeaempoaxtian aa&, in@everw case, ﬁi'liber‘tian af

daci oA o n'thia subject
havd been acta&, with ao qnan%itativa'in eatigatinaﬁ

being made. Howevar; i@ has bean obse*v : aat when uzanaui
aantaining axygan waa passea thrﬁugh saﬂ um’paraxiae at
r&am,tampaxatare far several haara, a 0 sidarable yar ian
of the peroxide waa ooloze& a ﬁefznite ange. The ealar
umuld aunaeivably ba ﬁua to a reactien:b tweea’ozane and o
hyaxczide impumties m t.na pemxide, al ;augh %he axtent

of the nraﬁga ealar waulﬂ aeam ta indiei‘e;thah this ia not,
the eaae¢ Nn eviaence ia availa&le whi§h 4auld inaieata that
a reaetioa &oas nat t&ka ylac& b@tween azanexand paroxiae.

As was noted in the ozanizatian atudiea of thq,hyarcxides,

0o’ reaetion betwee& ozana an& the pernxiae aamplaa toc&

glaae unﬁer strictly aﬂhydraus aanditiana.
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When a stream of Qzana~bearing oxygen was @aased
thr@ﬁgh barium Qeraxida at raom tempara%ure far savaral

‘hgurs, a lignt hrawn calar Was imparbsﬁ{to the peroxiﬁe.

”hia enanga 1n eolaration waa nat greah, ;utqwas quite

_eviﬁent when tne aalar af the mzanaﬁe&ry xi&e waa com»
pared witn that af the strating materiav; Again, na
quantitative‘work waa ﬁane on. this eompa,’"”t ﬁcwever,;

magnetia measuxaments were taken an aamples nf mzanateﬁ

aaﬁium and barium peraxides. In every eaae, the ozonateﬁ
'peroxlﬁea Wﬂre appreai&bly less ﬁiamagnatie tnan the
,startiag mater&als' An aamﬁ casea tney were aataally para~¢'

magneuie.“



Summary
Qzanewtr&ated asaium hydraxide amntains a yalluw

5materia1 whiah is nﬂﬁ salahle in liquié,ammonxa nr any of
jthe aammon solvents, aud‘which ﬁeemmgaﬁaa‘in water or aei&

;with a coneﬂmitann 1iheratian af oxygen 3eitﬁer the

Qazaaatad maﬁarial ﬂar the aalutian remain ngfaftar deeam~,
fpaaxtion lib@rates iuﬁine fram aoidifie

atassiam iadide
_am&uticn. Qne aan eunclu&e, tharafare, thatiﬁﬁ& yallbw
_maberial ia nalther 8o&ium auperoxiﬁe n ioéium.p@rozxiﬁe.
The data obtainea frnm magnetie maaﬂurﬁm gsigna;¢n¢@x¢g1*
'analysea are masb reaaan&bly interprete §{ésé§g§ihéjﬁﬁelhg
ifammula Na03 tw:the Yellow material.:} -

Tne prnﬂuats abt&&neé fram tha amonvaat an af potasaium

;anﬁ caqium.hyﬁraxiaea axe aalaraa aman@a ana orange~rea,.

,xeap§¢£i§e$ hey. alaa give up mxygan upan tr  “£fwith
‘watar ar ae%&.‘ Tne azonated bydraxi&ea cfipat&ssium‘ana ceaium

3hyaraxide, nsweVGr, eantain material whi’hyéxiﬁizes ioaide

tanalyaea and magﬁetie measuremanta of tha azonatea hydroxiaas

'are alse mmst raaaanably interpreted by a aigning uhe farmalua ]

'KDB and 3903, reapeetivaly, tc the calored&materials.,i

The aclid,red materiala eztraeted by 1iquid ammonia from

1}e*z;ama--t.:ceadsxeé% potaasium aua aesium hyﬁr ides ﬁecampose wﬁth

ialmoet Expleaive violenae when aﬁdea hu?water, with a
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'canoomztant liﬁaratian of @as, and af enewgy in thﬂ form af

light.f An&lysea af bne extraeted potaesium material 1ndiaate

a gross cam@ositioﬁ cerresyanding esaentially to the fcmmula

KQS. Similar analysea on- the axtraated heaium csntaining

;Pruducta cannot be 80 simply iﬂt@r@r@t@ﬁ* j%hen the extra@ted

‘matarlals are adaed ta aaidlfied patassium io&ide salutian,

kcansiderable guantities Qf iaaina ara lib rated, the maxar
'ratio af evolved nygea tc liberatad 10:‘ e being appraxi»"
mately 24 5 s 1 1n th& caae of thﬂ cesium matarial. If Lhe
matexial extractad fram azone-treateﬂ aesmum ny&roxide ia

fixﬁt dxsaalved in water or aexﬁ and the raaulting aolutimn

is <iben tfeated 'Wlﬁh acidified panassium iadid“ ”thanratia

of evolvedi'xygan te lzberated io&ine ia aaaenﬁially(that
*fcunﬁ as a result of primary deeomgasition with aeiéifxea
'pctaasium icdide.é However, wnen the az%racted potasaium mat&r-ﬂ
ial is added ta water, the resulting aolution liberatea bnly |

faint traoea af iodina un&er the -dame onnﬁitianaf fﬁh1a‘w0u1d

‘aeem to indiaate that ‘the aubstaaoe wnien is responaxble for
the oxidabi@n of iodide iwn is mare stabié in sclutian in

_tne case af tne eeaium material tnan ia;:he case cf tne

‘potassium material.' The gradatiea of axiaizin@ yawer ais~:
Pplayed by soluticns of sodlum, petasaium, and ees*um "ezonat@a“'
would argue againat tne nyyatneais tnat the oxidizing action
ig due to an 03‘ ion, ‘since the behaviar of this 1on in sol~¥
ution should be inﬁepenﬁenﬁ ef the natureJof the aatiaa.

Tnc *eﬁ materiala extraeted fram ozonated gchasainm and

’oesium hydroxides do not- nge positiva garaxide teata when



‘”123.‘
‘decampuse& immeaiately after preparatian. Tbis would indi~
ﬁeate thab ﬁhe soli& materials &eoompose ﬁiraa81y tu ﬁhe
faarrespcndingvhyﬁraxidea"when aﬁded zo wlterg; %haa thern

alias &eaomgosa'
jwniah exhlbitsx

fmal‘y ﬁecumpoaea at, 59” to 1@0”0, the;re
jta a mxxtura af wnite auﬁ yallvw substanww
5tha behaviar expeeted of auperaxiées. ﬂ
| ezonizatian af coneeatraued yetassi

B hydroxide salnhions
'at *490 ta h50 c pxoauces unatable yelle

soiutions which
}cmntain paramagnetic material. That thi paramagnetie mat@rial
Ais ﬂnt auperoxiﬁa waa eatablishad by prc ’ng that petassium

jauperoxiae ﬁecompasea eamplately in stra ly alkaline salutian

Vﬁﬁ *hQQ to .~50°c, and that ﬁha resulting Jalatiuns da nat i
leontain peroxiae.*.“herefore, eiss’slB pastula e tﬁat the
yellnw solutimna are alkaline'solutions of auperoxiae aannat
Jbe correat. Tha yellow caloratian ia presumably &ue to an

\b 3 .’Laﬂo .

gggg@stiona far Fuhure Wg k
Many painta must be astabliahea before the completa

{aature of the alkali metal "ezonatas“ cf ?be &efinmtely estab«f

‘lished. certalnly a more tharougn study»' fﬁhe behaviar af
,ana reﬂ matarials extraeted by liqniﬁ ammonia from ozane~

vtraatea pataasium and eaaiam hydraxiﬁes wnuld giva a mora

‘aomplete pioture of tne nauur& ef these  ubs%an¢es. ﬁagnetic
:stu&ies af tﬁe extracteﬁ materials, aupplamentea by mcre

1preciae analytieal daha, aﬁould be parformed‘ The aolubility
;af aasium.hydroxida iﬂ liqaid ammonia ahduld be aetermlned 1n
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 order to establish wnetner hydruxiﬂe impuritiea are

carriea intc—the callection flasw by thﬁyextracting solvent.

The reactlon betWeen azone anﬂ the §@raxi&ea af the

;alkali and alkallne earhh metals ahould be‘more fully

‘iﬂvestlgatea in ar&ar to datermine whether‘the reaction iﬂ

analOgous to that between ozane and the rcxides.

Ferhaps oxygen~rich prec*pitatas ,,bbtaiﬂea by

addition of a liquiﬁ ammonia solutiunvo pg?sxpghgﬁ&blﬁﬂ,,

materiala ta a liquid ammonla solut;on_nf;bariam nitrate or
certain ather af tne liqulﬁ~amman1awaalun_ﬂ salts af the
alkaline eartn.mﬁtals.<

Tnese are but a few 0? the investx*“hions thatvwmulu

ad& eonsi&arably to our unaerstanding a '”e nature anﬁ

ﬁbehavicr af the “ozonates"
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