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Introduction 

·chemists have known since 1868 that · o.·ione~co:ntainl.ng 

oxY'gen reacts wt'~h several :-ot. th,e .. alkalf ~il.d alkaline·· earth 
,. ·-

metal h,Ydroxia8s0 to :e:rom highly c6lolied is~j.•_;_::_~.~alleea which 
~''.;·•i'•:• :_,~• .. 1/_._,•1,' • '•• l;~,:~•:..:;-

are readily deoomposed .wtth> t.tnf tiberatib.rit:;~r . nioieoulat 
' : ' .· '· . ' ' .. ' ' .. ' ... ' . ' ' ·.'. - ' .. ' ' ' ' ~ 

oxygen upon addl,t~on of water ·or acid.. · ·.tiff0tighout· ... the:. 
'. :---- . ;_ . _· . . . ; : . (;..( ~- :- ·. . ; .. ·''., _--:; -_ ' . . :·--.- ._: . _. .. , : . .. ' 

. past half C8ntili# se:v-eral exPei-imenters .•, t~ o.o:nve.ved i;o 
the s1>ient1tio world the results or thei:~•tfktestJ.gatfons 011 

( . ,.·\(,;·/i?S~./_'.,.__ 

this baft.l..i.ng laboratory .cur1osi ty, eaot.(ij.fving an 1.n.terpre.-
• •··~- _, • - " I , ; .• , . . · .:r· ,:' - , 

tation of the . ·c,b,'3:etvati.o.ri:f, but no.lie · pr~t1i~ing _·tionol usive · 
, . . -:~.--- -.- . .. .. .. --- - . _:::·;::h'.~~·:}_\\~_-:_-.. ·-__ ~,-- -

proof as to the' e.:xaot .nature of th~ pheiJ.tjJ)l_e . .t1a. 

one of ttt,e first postul.atel'l : <)()nol'i.t'~{f~i thlil · ideritits 

ot these _-ooJ.ored, oxygen-liberating co~pSµhds •, and thta ona 

which has been ·accepted by several aut.tio:rs, states-: that 
• • • • ? _· - : • · -:. • • -·· •. · ,- , ·. •, •• • ' . 

·these ao•oalled, alkalf "ozon~teS1' ;·. a:r~ idi~~tical .with · the ' 

alkali superoxides. Another explanation._ proposea ; t~a}the 

oxygen is bound to the hy.droxide 'by fueari$/ ~1' a coordi ne.te ' . : . '. : . _: <· ~- .. _,.' _..... ;· __ :< .. : ·· . ' ' '· ,. . . . .. 

bond . to form an addition :compound• ~uob. ·1.n··· the . same manner 
. ' ' . . _- ... ' ,' 

a.s · in the hydrflti on ·or · .molecules. , A more.;recent proposal. 
; .. - ' • ·· . 

supported by several different experfmen'tal .data.1 a,ttributes 

the observed phenomena to the· formation of a new, higher oxide> 
. .. - · . . ' 

in which each oxrgen atom has,. an effective. ox1dati.on, state of ~•. 

-1/3. , 
The ditficul ties encountered; in the lnv~stlg~tfon of 

these substances _are many, _ but . t~e .one; du'tatanc"l.1.ng obstacle · 

which has ·proved insurmou-ntab~~. t~-.·previofrs inve:stigators 1$ -•. 



the problem of obtaiAing tlle . !16zonatea'' ln?a, reasonably - ·' ; ·., ' ' .·; ... ... . · ·.- ' ·, ') 

.PUtl:f.'!ed torn\. The · reacti6n bet~een ozone ·: ·ana •· solid ·· 
. ,··.•-. . 

. ·. ,, 

alkal~ metal 
1 
hr~7oxides is , ~~f~.ce "· plieri:9¥:no~·•. s thatl 

a qua.n~itat.1ve reaction is qui.ta im_posat.bl'~~ > Fur'thermol'e, . 
- / '. ·-: -_·-i:'.-:·::- .. ~i-i-'.,.:::-:•t:.~)_:.:::\f,\ ·-: ·: ··: ./ __ .- \' _ _· ·_·_: - :_·· .-: . -. >-::•_·:.--·\ .>- -• -. :·:\.<<t.:i.Ki~ntn~\:;;·,:~x .. :.·; _ _;:,(_,_~~ .. -- ; ;-, : _ ·: 
the instaoility of the "ozonates" ·with tefi'pe'ct to wate~ 

; i, • <::' ·_-~:·,_, . < ~-: , · __ ;:·>:·.//;\J\J .. :· ': .-t '._:_, '\ ,_ l • ·./ ,: . .-=- -,._;, i - • ·-: i~/:'.!)t"::f.:J\(~'..:/· ?, ' '.. ,_.' .; ·:. , .. 
and their insolubility i~ :.·all of the comm'if11 orga.µ.io solvents. 

. . ' . : ' "• ,,_;;/-,:,·,}.<•:::· ' ·. ,, ' ;; 

. has ~endered the purifioatiOJl b3'$6lve:nt ':: i '{ ~ract10.ti inachiev• 

abie.. Recently; )ipme . aticoess h~s 'in ;xtraoting 
the "ozone.tea" wf_th liquid ammonia., 

. . •' •' · ,,;··, · •·'· ' ' _,·. ' .. " '· . •· . 

. Pue partly to tbis failure to purity ,them, and partly 
••• ' · - · · - ·1 .· ... ·, ,, ' • · ;·;,i,:-.-',\\./J.'.:j},," :·· ' .. . , 

·to theit . apparent lack ot utility·, the i~'~t,nates~ have remained. 

li ttl~ mo.re . . th~ :1abo~at~r; curi~~~tie~i:ft}vr: recent • 'search for . . · ··•, . · '• . ·; . 

; ' . . ' ' . ' .... "' . ' ' . '. . ,' -: . . . .' . . . <)t?_!'\?t·:._ ." •' 
oxygen-liberating oompounds has .revived:'t.t.n.tereat 1n them, . , .. . . ' ·. < > ' ' . .· . <; :, ' . ' ·\)/ ;· < .· : . ' ' . 
lleweve~. and tlda atud;f was Dl'1~ili'1lly ~ ·~~r;aken in order to . 

. det~miae their ~tility ~s , au~~ : co~p~u~a:,·}q• Altho~gh their 
' , . . ,· ' . ·-.-', :i, " ' ;.;·,, . . , .\ · •. , ., ' ·' ' .• 

• '. ' . i_ -~·- .. . : __ ·, >·. _·., _,: '. 1 ·1·; '.'· . , - '. - .• .,,;, .( .. ·.:,\?:.\"f,t:·.~ ·:, :·:\ • ·.· ... . . . .• 
usefulneaa haft proved. questionable, this .study, was oo.n tintted, ... > .. , .. ,, ..... , . . ' ··. ·. ' <: i ·.· ,''.•:•,;,,-(,. ·· .. ·•.· •·. ·· .... ' 
in an attempt tO / th?'ow · .more light on an l'.n~tiguing problem. 

' ;·· ' '. : ;'· ·, .,, '• .' , · . .... ,. ' ;, .-; '' ' ( :,'· \ i ' .·\ .; 

T_ne purpose -of .this . 'study was essentiaU.f ·three-fold. First, 
t · • . . ' ' 

all. pre'tfious ·'work on the subject was to b~'' .repeated, insofa,r : .. ,. ' > ·.,: ,· ., .. · .. •' -. :' ,·_,', ' 

as was possible, and the existing ' inforn'ia:tfon c;i t1qally 
' ' , i, " .. , . •• '~• c; • 1 ' . • ,, _; • •·• ' ' \ • I ' . 

evaluated. Second; further e~peri.mentatio·n designed to pro~ ,. .... . . ' ,· . .· 

duce data of signific,ance to . the problem was to be conducted. 
,. • I ' • • • '., .' ' ' 

Third., these data were to be eraluated and/ ~tili~ed in deter• 
'.! , , ' I 

. . 

mining the .nature of these . alkali metal ~ozonatea" • 



~tL1 ozone·:do'Illle ··aveo· .. la ·:pot;sse seche ,.;:au· pero:xide 
. ; .• •' . . .: ' '•\· : ; . . .- ;.~?.:'.!/."•>~· .:. 

de ·pott:t~sium. jaunebraun· que .· ~e dat'.ruit t*~~(<vlte in 
. \" . '·- ' ' ' 

· dehors· 'au' contact de l'~z~ne. ~l:. . . . ' . . . ,. ' , 
. -· \:.. ' _·: .: -?:_/ / .. : ,. . '' .. , ':; .· . ; . . . ·, : . .- . :.,.- ,-·-,;_::':/·,' :./ ;;;r-,,_-,:,..:,-- ·· ,. . . ,. . ,''. ,- ' This .sente.rl'oe ta.ken· from Wurtz' s Dict:t:onnaire de .' 

· .. ·• . ,. \ < . . . , . .. ••. ;> ,; · .. ·' :' .::,•!';•!:/; ' .. : .·"r :> . 
·Ohimie pure ~ ·:-a'ppliqu~e ln 1S68 was :·~pp:~~~~tly .the first . 
published ' information on' alkali ·m~tij fjj{b,~onateatt ... 

. . . < · , . : · . .• .· ·• ·• . . .·. • : ·. • · · - : :}:ii"::·r . . : . .. . . .. · : . 
This in:f'ormation >was writ ten wi thou.t rurth¢r\.reference, 

· .. ·. . . • ·· · :}r ·• . . .· .· -· ·· .· · • · · ·< :r:!ilt\) :> , ·· .·· .... . · ··· 
so that · the credit for the original. dlso'ove'ty must 
I • :;' , ' •. ' :· ./,/\,·:':, • ./ , • ·,: , ."_.::. • ' ' ;. •_; ' • • • ' • • j.;_' .\;:, .• ~• :',.-,,_ q._, 

re.main tempo.r_afily ·unawarded. \ 

.. Bae;·er .arid .Villiger2.: in .t90~f pt1blf~ij;<r ':a· short 

·•· :;P:::;t~;;;:::::t~ T::: ~:::d:;:;~i1lll};.;l:!ed 
potash was . inunedia.tely· colored a dee);) 'O•r i hge when . a ··s;ream 

' ' . . . . . . '· .. \, .. ··.· ,/ ·· .· .. ,· -'-·{\{, '.: .. . : ' 
of ozone•oon.tai_.ning ·oxygen ·was;. passed t,!ii-Qugh•· i ·t ·~ ~hey 

.'. . ' . , ' ; .' . ,. ' . ' ·. . ' .•; -. ' . ;·,,:., .. ·.·'.<_!:f~J -•/•','. . . : /-'·. 

report~d .that, \vhen' water was added t'o~tiis o1ange : 
colored• substan~e: .th~' color d1~;p·;~ar:~:~t}i~~-a a·trong · 
. . . . . ' , ,: ' . ~- )'.\;_<: ' .; __ 

evoluti~n ot ·g~s took plaoe. The ) color ·waf found to fade 
' ' . -· : . : ."/.:'-~. :,-._; :'_' ' ' . ' : . . ' 

· also when the sburoe of ozone wa~ r~moved .. \ · Strangely , 
.. , ; . ::';((('.:_:'·.;:. , 

, enough, the ozo.n.e•treatea: potassium hyd~c#ide \ appeared to 
di~play no ·· o~idizin~ .a~tion~ b~ t ~hen '· 1'.t l·~~ ~::di..ssolved .· , ·-.- ~-: , , , ·--. ... ,_:·c.~ ·;· , . -·-.,.-~:.'i-'.:_/· ·. - . . . .. ,. _. ,,· -:· :.~ .. 

(with evolution of oxygen) .in. water ·· arid '..tlie •solution .per .. ·· 
• • ' . - ',· -(, . ' ·: '1 -- ••• .- '-'- ~ -:- ;". _'. ' • ' .... • • 

~tted to stand :tor ·a while. the soluti'on':~vas .·reportea ·· to 
·' . _, _· - -- ,-_. , 

·contain h~drogen· _peroxide.: , ·Further . in;e~tigation showed . 
\ ' ' . . . 

that the orange color ~ould. be produc~d by passing ozone.tea 



oxygen into ·· a cold •aotutiolli-o:r 40% :potaiatui1l '.nydroxide•:··•· In 
.- .• . ,· '' -: : '' , . ,: -:- - ,· . _,.. -; .. ' . ' •· . 

this ~~se, 110\Veve.ri th8' ti>fi)l'ii~~.,PJare.i{fhen 'the cooling .·· 
' bath iwas ' lietnoved;·.: thus ~ndicatii s ' ~:hat ,' tiie:.; subs~~n~e .tio~ld 

;, .· _·· ,, ... ,,•:· . - '. _.:.-' .,. :-.,, :;,·· .. ·_,~- : .::_·,_-.. :. '·: ,·,>': ,: ·_,f:•_,:\;;:;-.•.:/-:~ . ' ' ' .•· :_ .. _ .: :.,. : . ..__· ... · 

:not· exist ·1n ·•··.aqueous·· .. solution. ··a~'J)rdinari,;'.·tempeJ:atut:es •• .. ·These /. 
Vqua{1t~~he o.b~~ryatioM ,·w~;e J!epea;eil } ~if e case ··. or alum\ 
hy~t-CTJ.i~e . an~ ', ~i~iwn bydro~ide the lattJ:~;/be:ame ~oto;~ea ' ' ',, 
· ~nly ; ti ·, fe;b1~ ::~1ii~w in 'th~/ ;res~n~r ~i;;;k:Jti'\;·~~ne~-'~'o~taining '· 
. ,_. '·._ ·.. ·, ' .· ·< .. ·.- ·! --:' ·.· ,1i: .: '·: .. :_: .. ,: .,.· • ; • ·• ' ':.. ··•1·,:: .:.-.. ,i : "··;>:i,;: _;:. ' . : .''. '. : ' . , ·'. 

oxygen~ 
·, /Q.thqugh .•• no ,quantitEltiye 'detetnrl.na.~~9ris •• were made,· .. 

.. Baf3fe; · afuf v{11..tie~ .aaswned: t~t3 •.·rix-allge i:·~;4~stance .t6 . b~ . . ,·· . .'· ' ·, : Y; •· ,' ·,<•:' :' •:, <.,:.••: . , ·. •}J;:l:N\/· \, ..... ,. ··.,. ,· 
id~nt,ioal: w1,t'"i tlle i.K,a94* .. ~P,i,oh 'ha~ .. 'been ::¥.,r.o;ted ' by Erdma~ 

·· .aAd KQthner) Qlt];l a ftJO '..Y~r~ .ii'.r1ilii tf :j~1.*'~Bla,. They 

·•··r:!=~:}:a::j;j::r:t:tr~;t::tr;!II~ a1; r:;:~!~tt!a1 ... 
' ••ozo:rito ae1d1'>,,·or ozc>ne :•hydra,te~ :wil,i.on '.w'j ~id result · . ·.· .. ·.·. ·· ·. \ · .. ·•.·. .. · · · .. / . · · > . _, ·, , , . \. · ,/Ytfr{J\ 1 . • : • 

action o:r ozone .on water aocQrding to ·tliijt\"equation·: 
- .' ; ; . '. • . . '" ·; - . . .. . . ,, ' . -- .-,,,,,,., ,,~_.-_., • ,r_ .. . • . . . 

• • • J . ' · , •• :, . ··. _,· 

· Thia nozop.io · acd.d" ;ooiil<i . the4 react wi t~/'1,,otassitlDl hydroxide 

in .a typical ·aoid-ba~·e neuttalizatlQ~ reaction to give the sait. 
K;o,4. XA ·t~ light .:o.t ,th~~e '. h1po~hes~s.: ~h~y t~:r~ed . the 

doiored ' produot~ ···t,ozorniau~en ,'Alkallen",•:J ;t~.) . ,0 alkali 'o_zonates!', 
in much, the : s~e mariner 'that bne •· tel'lllS ' th; alk~li mett'al. salts ,, ' 

,: 

• · Nov{ i'onnula ted . as' K02. : 
. ', .·• 



of ·sulfuri~ and .. filtrio ·acid, aulfate~ \ i~a •.i .~~ratea~ . . The 
Jlalll~ nbzo.nate" •has p:re,ailed since': .that :tk:~~ ·-. ' ., ,. ,_ . . , · .. · . ; . ' . -. , .. . 

No further infor.m.at!on on the sub}ecit>,~as published 
for .several .years, .. a~thb~~h 'Badh4: ~igg~~:,ecl.1n 190~· that . 

. ' -:. t -~- .:-: . 1_ ·· ' · · . .. ., ': :•.·:· , . ·_-. ·.:::_":i}i~fi~:_. .: .. , ', ' ' . --~ ;, ' , 

the "ozonatestt' would be' ·tn~re ,p~6periY ohK'~ideied as ,:-aoidie 

.• sal ~s I he p~p£s;4 .• . the ro~mula • ~of .. ~}]~t+}e4~~ h~:t 
Manohot, a consistent oontributer .. to th« ;:f -ield of peroxide , 

·, ·.. •: ·-• · • ·' ·. ;- '· ·' ·• . · · '. : -: · ",;, . -~. :_·:_;./: · 'i.-,,.:··, ., , , ,_ '. . ··:'_c .. , ' : ..• . ; .. , 

chemistry, alid itampscnulte; undertook t '6'.(!1fi~:~stigate the · 
: • . .· ·:. ,.: •. -- :. . ' . .. ·. . > .., ~,.-.· ; :_, . . ' J 

acidic propertf~ f 'ot . ozone. · Dtirlllg · the \6ourse : of their, 
.·· . . . . . . • . -' ' . . . . . . : ,' . .:,,··t?\·c;'·t •. . .' .... ·· . 
investigations, they had occasion . to rep:eat and expand the 

. work re ported . by Ba~yer . an4 villi ger wh~i'; ~tUcti1fig the i · .. 
reaction of. Oz~ile, with b6th . . org~ntc :ba~~;~'.r~d ·such i 0nor~~10: . 

.. · __ .-':; .,; .:··_:);~\:: .. : , .. _> · ,. ·. · ... · :· ·-., ·<· .. . ··,. ··;" ·_·· ,.:: J/'._\)>>f. , .. •·., ·,,: . ...... .... ·. . .. 
,bases as ammonia and the hydroxides ·of,<t.b,e: alkali ·and 

alkaline earth metals. · ThaY found that ;}iion.e impal'ted··., t,o 

liquid ~unol11a1 at .the ·t~Illperat~re ,ot/i6i.id oa;bon dio:tid;,, 
a deep . ora~ge•re'a riol6r whioh ai~a~pea·;~~{~he~ tb.e tem_pere.tur~ 

·. . ; . . ' '. . , .. , . . !t ; ·. ' .· ,; . ··.• / 

was perini tted to rlse to. the boiliilg ~oint ,· ot liq\tld · amnionia • . 
• · . i ·• -~ _,,·"•~\t/.~~!{· ::- ' - ,' , . 

They reported that addf tie>.n of :_. th,e _· t>zo.nei t,re~te<1- _.'ammonia · to 
: ·.; · ;'.. _ ' ,• : ·:, _,.,. .. - ' . . . .·-:;,•:,,·; :· · :: ' · .. . ·· .· . ·. _.;'· ,: .:":\c-::::i:_·:·. \ -·:··' ··:·:i•:·.·'_•' -', .~-- ·<·_:.,;_ ·_:··· \ \ _:: .. _:'.·: 

cold titanium.( IV) sUli'ate ·solution .sb:owed. ·the presence< :ot/ . 
. ' ·' . . . •, ' . ,·._;:-<· 

hydrogen pero:xidef even after the ooloi h~d di~appe'area .f~om. . 
• ~· ··. • • . ~ • • " , r ,• ' : . ·; ; \_''. _-;' ./ :. ;:~·: ;." .-• .- •.·. ' ·, . , , . . . ' I \.; : · • ." • • • ' .•c , 

the ammonia. • (This is · somewti~\ co.n.:f'using,:·aince the · formation 
. . ::. . . , , . . -~ -: :: .- f-._, <· r r. . .. . .. . . . • . . . 

of hydrogen peroxide ooul.d. ' scarcely be .attributed to· the . ' .. ' . .... . . . ' . ' . : 

oxidation of ammon;a by ozone.) ·.They .fofuld that all of ·· the , . , ' . ' ' t-· ' _.· ,;; / / ·. ,. ; ·.' ' '; . . . . 

alkali metal hydrotid~sj· with ·th~ exceptic>n of lithiwn hl'<lr6:x:iae:; 
. '. • ' . •· , ' ' '' .···.:,'•:!-.'.,:• .. ·; . ,. ' . ,, . " . . 

became colored. lri a stream: of ozone--cori.tilnlnt( oxygenf an~ 



i.ns to ' •eKoi•···.·qu~D.ti,tat:tvely·• "the· .. ~eia t1've>st~hili;t9 or: the ' 
:: · . . ' . ·. '·' ' · . . •' ·, .· ' . . .. .,,.,- .· - .. { .. 

alkali. m;tal : "Qzonate~'•·, ,they, h'.~at.~d ' th~ill\: tn{ a. stream Of 

omne.-noni$1l)il~,~yg11n1 this way tnf t 11J.ntain8d ah 
. ozone ; ·reseur·e:,::~b~ve ' :the ',11$d~oxia;~s . $1\d ,;~\;ui~ . obtain .~. ,. 

,.·more•' reliable ... dfit~m,in~ ti~nLof :th;: deoQin~;;i t'le>n• .. ,,temperatttre •. :. 
' ·. . ' . '.· :, ' ' ' ' ,·' ' ' ' ' " ;' ' '·. ', . ' . '. ' ' : ' " ' ' .' " ,.,; : ' < <'., ,,}\(, • . ' " ' ' ' • ' ' ' ' ' 
• The . results ·.of .· . thtae : exp$riments • showed}'tti~t ozone-treated.· 
·.·aodiiun h,Ydroiicie ::,los ; :. its ooio·1.- ~·t ab:6~~:\~~t><>.d( t he pota~eium 

h.y clrq~ide·•·• '*ozori~ii·~,:·:.·b·eeame ••· ooio;iess· · a1/?~b6ti't ·•···i10°c 1 the .. 
_ ... __ .:\ · __ .. _ .. ·:·:·· __ ._::: __ : .. :/ ·"/,:_;::.-_\',">_.: :·:_·) .:::::-__ -: .. :_-_ _:, •··::.:. _ ·:··•,v/ :·.'. . ··:: ·· _: ·<·--':: .: :_ ,::r;:,<~~li\.:.i·t/:\/.:.-:_:.-: .. )i:.· . ·. ·:··.•.-I •: .. _·.·i_ :: 

.. corresponding · :rubidium, oompouncL was decol.io):i.ze<i at about 
'· . '.= ••~ i_. < .. '· .· .' . .- .·_,··.•.' .b ·:-.;:_,:·_:'>•,-_.,://<.: ·· ... · .. _ ,• •:· - ·:_· .---.- : . ·,. _·· , ·.-,. r:~;-:><_::,:::.:/:./})\.·•, ·,\{,\;: .. ·:.:':°,~.• .· ' :., '. . --~ . 

·. 140°0. ·. and ' 1;he· . eol Qr, of ' the ,Jl8Si Wll. hydrox,ide , 0oz6na te11 i was 

· .. prec~pmle ereVi't~er tu;i~a -a.t/2ill),~22•~~&t JrQm the~~ data 
~an~h;t an(l,: i~~~~hil~e :ooncl~d~d that .:;~:'.~ .:tabiifti · of :0 the' 

alkali metal "<>zanatestt I.ncreased witb1 ~rl,reasirig .atomic 
welght •~t th~ met.~l~ , :' '1{11ey folin<fals6 :~~!~i.fRsioli ~f · the . . .~> .. · .. · .... . , .· - - .• .. ;. _,:·;:_Y:·i.::~-::\-_:;. . . - · · .. . 

. ~ozonatestt , res~lted 1n the ii bere.tion . of; 6iygen . but{ no ~ZQne • 
. ' . ,, -: ,· '. ,' ' . . . 

(T.b.~ very fact that the 'rus.ion tempe~atd1e, of eesl.uni hydroxide 
• ·. ' • --• _ - c, ;._,_. • ' " , - - ·_ .... _. _ ' •' ,' .. .- ' • - · - ' · ·- • • 

~as report;~:,-~~: ;bei~g ,. betwe~n '200() Etnd 2~ci0 in~leat~a: th~ t . 
, , . . ' ·-. . , ' ,.. • . , _-' \ ·_ . ',, . .- ; · . ', .. 

· , , , - .--· _. _: ·~ . • ·~.·- -_- c' . ·' ' ". .-'.-._ ·•>'_ ·: ·.,· . _·:- : _' . ;-:. ·:t_ .. _,;:··~~)\,('}:.·:·,::,:' ; ·_. ·:_ -:-, ·, :':• ' :.-,, . .. ,.,:· . 
· the'. authors ;:·Jnuat )have beoo working with ithe hydrated .. material. 
Althougll :ces'1uht''.iiydr~ide ~onoh,Ydra'te ;.mei ~i.at .. 180°06 •·. \-.he 

. t,! • ,, ·;. : ; 

anhydrous s'~bs~~~oe, J~·~~.;n~t ··~~llt 'witfi.:li~!ri.:)· 
. Manchot etnd;:~psohult;'. .J.s~ :1nv~~-ti~t £~a:ft1e action ·ot 

. ' )y?i>: .. -: \ . 

. ozo11e on the oxides and hyd~oxides ·Of tK~·.~ikaline earth 

metals •.•. '.fheY'i·PWld',that all 'of . these 'su~stan.ces de·composed 
, ·- ., 

· ozo.ne, but ·that only barium ih;d rotfde: ·i~•g&!Jl~ o ol ored to ·any . 
. - ,· ' 

appreciable extent. .At ·the :tem~erature;/~t solid ' oarbon' 
.-..··,• . ' ·. 

dlo~ide, barium hydrox~de was coi<{red . itr~ngly , yellow by · 



ozone _but '9:arcf_\llll ~Ydt;oxJde ·_was col:,c,r.ed oily · sl;igtltly; 
magrie.aiuni' hydt'riiia'e:r~~ine.d .. ctilorl~ss ·.uhd~~-\these oon:a1: 

,- , ' ' . . • " ' . ·'· ,·, .' ; • , . ,; • . '., :. • . ," ' , :; • ' .. l . • • 

t1oiis ·. The d~bb~pb'~ition' of ozon·e by ' b<:>~'J-:.alkail ·and ... 
' , · •. _• -, • '1 ·' •. , 

· alkal1ne _eatth':: .nfar~:itid)es was -~~chm;pani~ij:''t;jy llberation :Of ' 
. ' ' ' :· .· _-·. / / :,_ . . : ' ·.. \ ·, . . ··••· ;:.J)/J:• :' ,',. ·, :· .. ·:, .. -•... 

· b.ea_t. The presei1qe of. w~tex- :was_(':f~und ; ti:(\.p.lnder· or .. 'lire'Vent . 
. • . ' , ·. : .• ; . ,;. : :· .' ~-: "' _.. . ; ' ·• • : ': ,: ;_ .: • • • ' '' ' •: ",:: .': ' . :·.: .' .': ' {; ,. ! . ., '' , . : . . .' . ' • ' ,i 

. the formatfon 'cjf (th;: it 0~4at.es«'~ . 
, ' . .. . ' . ' '. ;\i'> ·' ··: .' ' ;.:. ·· . ' 

•'• ;•: .. 1: 

; tlie . f ;.:rs t i r nti 1/~ ~l:Ve J,nv~s ~i.atl.l>~i(~ . the na t\lre 6:r 
. the .alkali oiodf s was ~!lert~n brJ!~l~i~ 1'r~u~~7 

('.not to be oo~f)>.~ed. wiln Mor it~ .:T.raube', ·:V~~p was ' qui 'te . ' 
' , ... ' ' ' ' ' .. : _·'. -:'~---:~;. ·. ;-.. :/: '' ." · .. ' . '·: . , ' : :, .;_.·· ' :. ' .,• ·~ ' '·' . '_' '' .::. ··:.:_. :_ :!.·_\}///}:~_i{(:::-: ·_ .. · , ''. <' ' ' ' . . / 

aoti ve · in tll.e>field · or pe.rQiide . ohemi~'ttfi-)t:'about five years_· . . ·· _· .. , ' . .··. \\/ ' _· •· .. • . ' ' : . . \ ... ' : ·< :, \?:)"!;if/) ' ·_' , ' . ·_ . • .• ' 
a.fter' Man<)hot and KampsQhulte had publtsh~d. their wor.J;c :on. 

•, the. subjeqt. '' 'l{r~ube. con~truc~~d all app-~~;¥.~a . wherein ' 
pulverlzed •po·t;t ~1J hydroxide· -~Otll~ b';t)~~itsed .·t~ a 'stream 

. .,· ··._ .. __ ·,, ,'/··"''.' ·': \ '. .. : ·.,.,~, ':• :._(i·.1:-,-.)';~;·)\/•'.';: _:;; .• ,. . " :' 

of ozone-oon'tainihg ' o:xyge.n '• 'and, whi~h: 001Ua 1·a1so serve · as 
. · . .. ·, ' . ' •' \ · . . : · .. ' .' , .. ,: -~-- ·, ' . .' .; >· ·:.- ,_·_, .·• .... ~.--•:;· ~-:/;\\/\:> :, ", ,·- . . ' ·. ' 

' a . deoomposftio.11 chamber. in th~ gasoinetri«Yana}yaia-' o:r the: 
' . .. '' ,:_·> > __ ·_ ,: : :_:•:···'[.~ ··. ,'''. -•. __ ,;_, ... -. ' . i •. ' : .• _.::,:::.://\!:J?\· ._: ·_:·,; ;'·; i:_-,~ - . ; . . , . ·. 

· resulting "ozonate1',. · 'l'he entire appara~µ~.: was weighed 

befote and after ' ozoniza~iofr-'and!~'.i ~i'nc~}~,eweig~t of .- the · 

potasaiura.:~~~;: ~~de con;~i~~~l -• ias.·know~:f?t~:e, increase . of :· 
. . : . . ':<. ·,i , .. ·. ·. ·, '_·-.,. _ .. :; ·.·_ ' .. · ' ::··:.: /: : -.··: ·. · .. ·. '. ·. ·. _··· ~:·· . : _.:: :< ,·_,,_._.-•; . ,. ·_· .·' : ·:· . ·):i _\~_:., ,.: ·'. ' ;_: .., . ; ·. ·. ' _·.:--: --::' :: i·-,i_i, :;-_ / 

weight due to:: ozo.nfzatil<>n of ' the:··hydr~ide co•u1d be deter~ 
. . .. • '.:' : ;_ ' .- . ' ,:; • • _: . , , .. , ·· ' :; .,: --.i' ,··'·· ;. , . ·: 

'mi~ed b.V. (lif.i'ereh·ce. _: . th'. order t~· ~iirniJ~fJ . ail' ,t;aces . Of .• 
,, ' ·;·.:j' ' !, 

· residual ·~ zc>he ·/.the system was• : :rlusl1ed1 ~:(ii;~ry oxygen . before 
the final . weighing. 

. .. 
The a.ppa;ratus was than connected to·:a gas iburette and 

- . ··. 1 - - . -! "- .:-,:·,·· _- __ ,·.. ,,. . ; r - , ·' .. , ,. 

the ttozo.tlate•1 de6ompti~ed . b,Y,mean~' ~f a:k~;wt/ atnbUJlt(,6t' ~ater~ 
.. _, ' •. ' . __ ,)::--,< .. __ : .' 

Th~ volume change _lh, ~he burette '.minlla .ttie ><volume of. the , _ 
, , . . .'···• ' ' : '' ,:" ",,. ' •' ,' -· . •- .- .• ' '-, ·.:·:'; 

added water was ·assumed to ···be. due· :_ to ···· th~ :oxySen -liberated 
duritig the decomposition: :of ~~~''oi~nat~~'.~);;,);huEJ, :weight:· 

' _., .. . , .. . ! 



ot liberated oxyge11 could : b(f, ¢om~~red with tJl.e weight; 01' 
, . . . : . ·.\ . :·, ,, . ." -~ . \ ,: . , ,. . : . .. :,:·- ·. ' ·. ' . . . ' ' . ' 

oxygen ~aken u.p ·cluritig ' Ozoni.zatfJn~\. ReJ~its of ss~erai 
. ~xper~~ts · s~owed .. _ tha.t tJie: wei~lii --o:r c:~iie cted · gas ·was. 

esSehtiaIN e<!if bo fk~. fncreaS~ of ~ef s~tre~u1tihg t~m · 
t!ie · atta~; -ori~n~ pot;~sium hydroxld.e _• b_v~Iiine,' ozone, - the · 

variation b ei.ntf rinl§ from 2 to ' ; · 111g ·• :\>eri-50 ,: fug~'.-total · 
·'; .,_., ' · .. . ·.:· . ,, .' · ·- .-- : · ··,:,~: i~:::. :-;· ,,, .. _, __ : ·,· -'•>· 

tie totiri:d that -the ' .number . - :· : .. ~·:,J::,.O>>. . - - . - . - .. 

o·:t m.oles ot·• liber~te~i :oxygen .~aa m.en.Y .·• ~f#e!S 'gr~ate.r : th@. 
· , ·, . . . , ,. , ., . : , _ .. . ,. . •.•.::,I:·'. , . . . , .- , . . . -. •. 1-, : ; -·, · . __ _ - ·. -, .· _· . , ' . 

: - ._· ··_,·_ ' , ,_· . .-· .- . :;•i ::.:_:~-::._._f,':~ . . ·., ·' ;' --_ .: ' .: __ ::, ··:_:_.:- -_, ·_:,:_:f}?:~·y:··.·· .. .< ._._ .. _. · .·· ,- . :. 

·the : nwnba.r ot · moles -·. ot hydrogen:: peroxidG\:produoed · by sol•:: 
'; . ; . . ·_, ·.:-: · ;;, ; . . ', • '', •, ' , .· : ,:. '. · . . . : ;;: ,;,",, , ;< ' : .- ··., . . . . ' ; ,· 

ution ot· the ~ozot1at~fl{ ·ne was ':tl:lus led :1tJ th.e-yoonolu$ion . : 
' ,' . ,-• . . '• ;· -··-, .- ,· .'· ·. . -.. ' .,:,' .. -. . ' ·.. . _. .. .... . _, _.;s: ;-;.·: ,- ' : . ·.•- ':.- .- ' ' ' . . :, ., · .. ' 

'that -two o.i'rtefeh.t p.roducta · lliust_· .. bave . b~en, for-rned durlng ._,the 
. : _; \'. ' · ~:•,\ :-,' . . ., . '. ' .: \; · ... 

ozon1z~tioi, .' both ,~f whicsh.-liberated. oxigeli_ upo.rf deoon1posi.tion, 

but .only 011e ~-1':whiob gave · ri~e to ' hydr~~;-n per~xlde :upon , -. ·, . . ' . ' ' \ · '•, . . . . . ' .... .. , ; . . . ·.-._-;·:·;;·; .. ·' -'-' ·,' . ·. ' ; . . . 

: betng dla~~lveii. In oraer to ru.:rther ' eitabl.isb. 'this •la.st . . . . . ; :, -~ \' : . . . 

p Oi.llt, he pr~paJ:~a ii ailnple ot the •ozolltte.• , d idcled i!l i:.nto 
· two . port~ons~ ~a1Yzed on~- po~,tlon irurne~{titelt after ~repar- . 
. • . . . •.;. </, . '. . . . ' . . 'i: ·:,).:~- : ;·:,:.; . 

· ation' and permitted. the O tlfer portion td>remain in a closed -
' . .' ' ;,• ' . ' , ' 

-vessel tor 2 to 4 clays -bOfore anaiyzing./:.;,_. The ·- results showed 

that; _although tb.e milar ratio o:f' liberat_ed •01eygen 1:o hyd};Ogen 
' '. /. -. ·;,, ,: :'.; ' 

-; • . ' 

· perQxide' was extremely .large i.mmediatelY/ after ozo.tlization~ . 
, • ,_ ; '•;.:,:i ; _' ; . ' . 

aft.er 2 to 4. d~ys . the mc>lar ratio had de&reased to almost 
' . ' ' , . . , ' -. 

-exactly 1:1. · This last fact was confirmed by at least five 
r , 

con~ecu tive : experiments. · 



'rre,ub~ in.~etpie;~a :_ 8Jlaiytic~i . ditii . as itidioa ti;ng ' 
the tbhnati9n ot tWo il;f'f~rent .Jii.gher 6xid'J$ o:r potassium, 

. : ' : . ' : ;: ' . ' ' : ,: : . : ' ~. : .• 0:, : > ; ' '' ,'' ' '.: i . . . 

. Olle havi.t1g the ',f':)f!ll°'l:a-:lt207 . a:P-d · tha_i Ot,h~,1;;;<J;i~ving· t~e . 
ooinpos 1 ti':)n .·i2of!· .-,,Tne,' __ tirflt• .pr9du;t · e>~(!'.~:ij; .•·· t'~ao'tiori ·•·· .. be7:. 

' .,,' • . . '. " . ,·. ' -. ,_.,'. .. .C,\:·;·, . . , .. ·, "\;•', ·, . 

twflen Ozone al!d )ttasS iwn hy/1~~id,e, wasr~(!~!lin&d to , b& K2\l7 

Md was fotm~d ;;Jc:::fo::t:O;ast:~iij;f' 
.•,_:••_,• ,·, . •.. •: \ :<, .i I , •, ':>'.:,: r;,'",<'\ _• ," __ • 

.This potasstum .1'heptoxide'' 'Was· thEfr(ta:ssu.me~ tC> ,;decom.~. 
' · . . ... ,, ,,,.,• ·_. 

. pose . into o:xyge.t1 and ,potassium '"tet:ro:xii~{i. aooordin~ · to the 
;·.:., :)/·:,: /;, 

equatiOJi1 

. ' . ,, 

He as awned ', 'that the po.tJ~st~ ··,, ,t:etroxide~, wou.ld then ~ec'ompcise 
. . .,· . ', :·, ' >· ', .. · i 

, .. · .. , . . . -:: .: ; -,:·; .. "'. _ ., __ · . >' . . ._ ; :.,.. ·: _. -i -· . . · · . . •· :,::·k:,..:- -. • . . • '. 1 . · . -. -· . , 

in wa·ter' or acid , solutioni to · pr,oduce oxygen ·an.cl hydrogen. 
. . . ··• ' · .. . ,, ; • · ., '. , ·,., .·· ' . · , 

peroxide ' in'·· ~~luimolar' (!Uanti tfes't \ :' This :~k sump ti on ,' \¥a~ 
based on the '·analytfca.t ~at~-~vhiofr> fn~i,;;~teda ~alueiof 

. ' . . . . . - ,,i ·' :-.. :·. ·.- . '·, 

unity fo1: the o:xygen-P~t"OXide t'~ti6 -·aitei ':2 tr, 4 _clays· 

standing. ' 

Although these prop'osals explained ··~ether well ttie ,, ·· ' . ' , -,··;. -, ( . .. ' 
>::":(; i ,. ._'.. 

reported data;. at·, least ·· two di·sorepan.clea{ a.:re 11rimediate11 
oovioua: '' ( l)· the ' .. fo~~ia . fott, ;"pbti~stJ::;~~pe~~xide· ls :now; 
know11 to be :• ~ath;r_ th~: K2o4:, 'anf f2l:: ·11 :a pompoun:<t .rt,i)7 · 

' . . , ;. .' ·-,: .. · . i' . ," . . . .· . :: ', ', .:-·--~-:;·' '· ·>"' ', . > -· • •· ' > ' • . . • is to exist, ~ither the potasa'iuni must ~:xhibit ;a valence di' -· 
.- . . . . ._. ·.. . . - . , .. .. .. " :t· _.• • .. · ,!i /. . .\,": ;.-r,.:-···, . - . .. ·• .. <: ·-, :-;-.: . · .. 

+1 ·· or a new oii.de . ion :·posse~sing ·a ·val~no~-of .~:3.5 rtiust : exist.· 
T~p~raruY mi~iirU.zizig ,t~::~·e'i a~parent . a.i~1:d'i•Jianoi~l '.'of ' ' 

. ..-.-. . .: " ~ ;\/;',·:~' 

tcil'1ltilati ori, h0W8ver • on0 . '~n iJ~arcei:V' ~r!)f egard the 9$ . hy j,o-
these s '~onipl:etei; slhoe ·· th~y · do'; expliill:\iti'J:;·-e;perimen'tal .' 



«:>bse.rvat1,6ns {enl aiie.1Jti~a1 ·aa:,tfa~'" '::ttert~i.nlyi'tliff.repo.tted ,, 
:·, " ,_, •' ' i'< ;, · ;\' : '' .. :>;' >'·\< ·., .•. ·.,•.•,:.': ,·:·:./,? '\>< . < ' 
facts can o: ~.e .:e:xplzu.ned ··• bY: .. th~ .:exiate11Qe , 01'Jnore· than ··one :. 

', •: ; • •, , ~- . f ,. ' i i ·'· : /' ' I '":· . ,,, ,',' '\ _ ,,_; i ,,,1·: :· ' ·•.• •": ~;'-a':/ : .. _l; ' • _;-; ;\'·' ·- ·.,, . ., · ' .. . ·, •·., ' • I\ . ' < ' 

su,bs ta.no~, .-· a.nd ; the:•.·•otgu1ge . 't,11.t~ \~1.mJ, .. ~ri_t!t,e: evolved .,,- o'!Xygen-
; .. ·,· •_·· . .- •_ . • ."\ :._: ::·.'' . • , _. '. :-:· :,•\•._•: .. ·.:.·,:·. ·'. .. ~. ,:::: ,•• _i •--. •'_·_,'.:,/_·--•,_,• :\::,~ -- •:: :\'.< ;< ·~\i·,· ,, _,',.,,..:-•~:· C:, '.·.; :·::~_··,'·'.·~--?"_:·:,/, :~:,:/ ; .. -;: ,-- •:·>;~ •· .. _•, 
pero:xlqe ,.r:~tio :,~:o,~id be )pr~peri, :. attribtit~d 'to the 'qh~~e . , ': - :· .·_· .· ::/:IJ>i: , i ·,. ·,,, : ., ' <. ,, J_/.',i);\? • \ , . ·, '. . ' \. 
r.r~.m: ,a non•pe.roiide~ p~ octuoing <oxide: to . one· w hioh does g~ re .. _· .· ··.: i' .. . · . . t; ;)( ! .; :< .· .. · ; . . 1· ., ·: :. , S::j:,i::j: •.· .·. / , . ··•· . 
u,p ·.moleculat oxY:ge.n -and ·pe'roJticle '· o:x:ygen,tf,fii'i equi.molar • ·· :·. ·· , •·,:. : \ .. ,. , .. ··· ·: -:r _ ,,, •>Y):,"!C/<:i>\ : ·:· · · · ': .-. 
quaJltities._' Nev,rtheleasi.(the laek .. of, ~snetl<r data ati<l 

Aegieqt, ~i}~.;~ard ,\~t~/j~~Jte!\~ one ,tr~ 
•· accepti.ng T~El\l'.b~i•J ·-arguments· unheaitatihii.V:·;,. 

,•_ '. ,, -- - . : .. :_:.- .\ . .,.. __ -.>·.. ·::.·;:.}. ;_'i( ( >-. ·--.-·; ·.:". , :/\::: :· --~ .. ., : ·f ;; ; ) ir(::::1._:::.\f!:i?/__;1.:, 

rraq~/3 hilir~ali' Waa 9J'JlareJ11,ly not *t'fetelt ci,ontinoed 
of th~:·· r~lia.b'JlltY ~/hi$ . ~~1gi~al 6i-~l}:io'1' ~e . ;~blished·' ' 
in 19{78 ~~tner':~r~iole>·dea{i~~ -wi~h -t~:ta~k~l~-~t~l' 

\ ' 1 ' \ ' · . . , ' ' ' ; ... ; • 

•ozQ4atal! • · ·. trsiii{ a ~s Ein~l~iy . ~.h~ · s&ma}l.iria . of app$ra~a 
and ·the same e~perimen~i-~ro;e-dure~ ·:~e:}fk~~~ti~ated 'the ' 

I ' ;, ,' > ' " . ·, :: / -~ ":. i.. . . . ,·,'. ', .' , .; ' /•> .-~. .. :_:<.~ :\ :· :·•"\; ,~ ,\:)?/{.-:)/}/::<_. •, .. ,, .:· · .. ( ' '. i , -; \ 

behavior Of tll~ '!ozonateatt :c of :potass1~,:\jj,ubid1um a.net oesiUill 
.- · ' ·._- _·· \ , · ,''.•:.' . '::>_~:-·_.'. .:: ,_.-i.: ,·,; ~- ,i_,:·_'. •'.,, ~-i '._· · - -.:·, ' ,_ . .'_ ,·· ,'.,?" : .. _ , ... \-:(\~~/if\t\-·:_,,· ·. _ . .. · .. _: 
, h.Ydroxidtl$ ' and . fotu1d results whicb agre'ed/·favorably with · 
; •J · -./::>,., ,.\' .. ; . ,:. ·, · ·.-, ,r ::·;c::V'i•r: .· - ·.· ·. , 
tbose Of-: ,his earlier wc,rk.. He reported that none o:f' the 

alkali 1tl)zt)11ateS" i~VeStll!at~d gave mor~, ~hall a .traQe of 
h.\1droge; ;,~Qxide wh~: ~~~l)m~Os8a ;;in,;~f~i water 0~ . 
acid imm~iately'· afte~ preparati~n'i h~~;~r, I as· betdre, ', he :' '' . ' :" ( \ : ' .., <' ; ' ' ': ' ·.· ' . ·, ' ' ' ,, . ' ; .··· . ' \t.'(• ' ' !_ ; ' ' • ' 

reported that the analyses' ot "ozonatestt :which had. been per• 
~tt~d to· r~a{~ -:,in· an iJe\b~x ,;_o;_. t~;~,;t:~as;; indioat~<l 

:approximately :e4uimolar .qu~~it1e~ ~r·· 1ih•~~atic1 oxygen 
: ' ' ' ,, 

~nd hyd:rogen pero~tde. 
' Tne ' .resu:tta of ' eighteen \ixperimentef<inc116ated 'that . ' -. . ', . , . ' ' ' ' .. ·. 

:~otassiwn, ·· rubiditm and' c~siwn hyd:ro~ide.i:wire readily' '¢dlol'ed 

by oiygeh ' oontatning 6 t~: ozon~ .• :>w1ih,:co;;esponding c~~nges 



in weight . acconipanying th~ coloration. '/.The . change in ;~eight . 
; ' . ! • • • ·. , , . ;, ; . . ' . , ; .• ,. '1 _,.... • • ·-:·:.>-' :':~: .. . . -. i., ., •: ' '~ 

.ot Qefliuni hydr<ixid& as II rSsui t . o.t i o~nffaijon wa/3 .a •ax~ 
ot 2.2,t, .that otru~1Uum 'hYdrOXid~ w~si:;.:wne;~as • .. 

• po~ass7~·. hfdrf l:1t: •.o:Wn~t~u. ?o0tsine(i 1~I!~i~~ oi'.l1'• ... l>Y .. 
·-weight, ot' added/ o:xygen • . 11'he color of t1~i··bea,d.er alkali 
... ~-- J ' , . ' , ', ':\·'.' ',- ,.. ' : • ·' : : / ~- ;_.,~:,,, _( :'' _;,} ' 

: ·Uozonates" vva~ \m~ch deeper th~ri that t>t./~l;l~/; ,potassium.' qom.i, ' 
; ' ' . ';< :: . ··.:<;' ' ' ,, '.> .:.· '.,, ' ' ' .\\){k)t;f} > : I,'.··:····• . . · ' 
/ p'owitlj .·.·the oolor '> of the· .. former ···being colnt~r~d',.to ·that ot 
. t;es~y .·· pr~cipf i ¥84 ~ti~ny '~df!id~:lit~Cth~: ooir .. o~ · .. 
· the potassium compou.n.d was likened·;. to tlitft of::.potassiwn · · 

· > ' .. . .· . . . . . . . .. •· . . >: 1i):H:Y · . . .. •. . . . ·.··. .·. 
dichromate~ All o:f' these ''ozonates" ·lostvr: tneir <oolor o.o.· . . . ,.. . . . . . . . . · . , . . ···• . . . . ,(i@li!}+ .. ·. · . . . · . • . . ... 
standing ·and were decomposed, · with ;o:xyg:~:.r:t,),evolu.;tion1; .whe.n ·· 

, \ r ';< :·:<. ,.. __ , ·. :. ·. _._. ,·,· . __ ;· ·.• ... __ ·:_•j:?}::_(\\;~•)':- ·· .,_ : -·- ::= _, ;_•· · ;· '. 

Brl,ded to water or acid. • . Cesium 1'ozonat~.rr>'Was jQUJld . to ·• 
. , , . . ., •. ' \: i, -,i;:;:(·· ' ·.' · I 

retain ltS'· color' to~ several days ' when.:k~~~ at .o0 o. 
' . '' ~' ' . ', ' •"•_,',,. ·. ' ,, '. : ,' '._:.:· :._ ... _ '. '_ - ', :·•, ·_ · :··, .. ·::··~:}?'.:!}~J:?\ .. /~ ;-•: i/ -•: ·.• ' :· .' 

Ia addition .. to rel)eatillg . his earli_ei<-'work on . the deter-
mination of ·'oxygen~perox1de ratiQtf~ 'Tr~Jh·~::·:.honcluot~:d, ;;'ever~l ··, 
other experimeii~:'. which 'wer~ de~ie,ie~ :·>t~!\··ijtibs~aatiate. ~is , : · 
~rgUlne~ ~ll: . J;~o Of the 8xpe;,_.;i!~ ts ~~l•irozona1';~ wa( .. • 

. divided" lJi~o appr6~iniatel; half{' on~. 1,Jfi:{~~ was . a~id,-ff~~ 
" . • . I, f , . ', ' , •• .. ··• . . • '(,i,_'•,"[ .. i, . '.•.:_•,• ,. C• , • . • '- _ '' ,\ . · • • 

with ccld sti.lfu~io · abid and titratedwfiii :s,tandlardized .·· 
' __ ,. 

potassium permanganate solutiott, ·. the . othe1t. portiori 'Was also 
. acidified \~i ~h· dold 'sulftit1,o acid:·,.:p:t~J~:I.~ :iodide ,.adcied~ : 

' • . . . . , ·' , . . -,,· ·-. '·•_,, -::.:.'-:-,,' ' .. . 

· and the ~ib~ra~ed iod!he ti t:r~ted wit~ k.t.'a.Mardizea. sodium 

. thiosulfate sol?tioll.: .The !llllOUl!tS or hilr~;ien ' re,;o)tid!} 
' indicated by ' eaob ,'dete~mi1ati6n ,,ere e~1;htially ' the ' same./: . . ; ' ·' __ , . . ·:,·· .. .. .- ' , ,· ._ ' . .-.. _· . ·•: . . ' 

Finall.V t a succession 01' ozhniza,tions Jn.:>th.e same' .sample \i/8.$ . 
. ' • . ' . . • ' . •. . . . . . . ' ' ' . ' ·>' . > . ,. <··\t·\ ' ' : ' : .. . . , . . ' . ' ' 

carried ·Out; a sample was .ozcinated, its{phlor ·permitted · te> 
. :._. . _.· ,;: ::,_·_;·.-·-.,_:' -:,' •· . . . '' · , , ·. 

· fade 1 reozonated, and so forth i'Jr: a~ ilalllf, is t'i_v~ •or sl.x 
'. ·--.: · . . ·. ·:;- .-'i'.-.• ' ' ' 

ozonizations on the· same sample~ Althougll:.tne .molar 'ratio or . . , ., .,-, .. •,, •-. . ..; , .. 



ox.yge.n to, pel'Olt:i.cle,·,w~s r~ported to _pe 'the,·sam:e,. 't,b.e:' am.ount ' 

i:,f e~oli . pr;s eAt'.' lVelS :i'ollfld t 6 increase a:fter sev-er;l ' 
' . · •· . I. . • • · ·, ; .. :<\· .... . . . , • . 

ozonizaii.;ne • .. 
,' Al.tbough '·,.r:~~11b~,.·~ep9f'te9- ·,l\O , SJi~O~,f~~\.\~s,ta ff>r pet't>xtde.e 

the fadt>t;ha~: t#i sol~tiJn; ,l'emainJ.ng ~f£~'if:~~~chnpo~it!()n ·,· 
'.<, >' . <.· ': '•>:. : ' , .·_ ' ' ' l,.·,:'}'-' }JF;;/f;i;,: ' ' '< ;, ,, ,,·: 
,_.o:t_,th~ :"Ozo.nat,e~:\ianowed b~,h-_ oxidizin'gpp·~~er (i11_.,,oxidi~ill(l' 

•po~as.?70\Qt!~it; ;~ red~i~~ ?~w!r/(ilif nf nS}~tasTiwn .. 
. pe:rm(;lng~.nJtel' ·se.ems to .-bea~ out ·his coiltt:iijtlo.ti .that · hydrogen 

·pe1:oxide . ltlu.st' ;~~ul~ •fr~m .~oltit!6n.··;,t .. ~~~\JJ:~~:onatear•~ -- .· (Jt .. . . ,'· ... , __ . • .. •. ', ·>· . ' .. ·_· . . . i . ' _·.· •. ., ; , , '\·· . ·. •._· .·· .. ·.-. 

must . be pQi;ted tt. ·however' that .ozonJ'!.~~r displays bot!! 
reciucing:_aiid oxl~lzin~ p·:rop~rti~s9~:-, ·:,H~i'.:t;bilcluded that~::· 
··'_: _--::. > .. :_< - · __ · .. -:" . ·.:·>·., ,. _i:_---::. i_<-,, ___ -,·-. __ ,·:·· ., ': __.: · .-:>.:-::-.·,x~::\~}/\~:::._; · .. .. ·,. · -·r .' . _,. _:,_-·_·. 
l3inoe ,the eirolv~cl oxygen and hfd:rog~1 »eto:xitje were formed · in ', 
appro1tiriiat~1;·' equim~l.ai : ~~:e.htities':lt?tJl((~tcindi1ig, t. the -. ~ged ' 

.. , -. . . .:- :. ·- ·-. . , ' ·' ... ... ·. .·,.·.,· L ''. ;-,_ .. ~.;' . . • . , . 

prod uet -• m.us t ' hrive)_ bee~ . the u te:t;,r 'oxi~e'' ', (i.e ;·i •·· ;the.·. aupe':r• 
-: _ ,_:1 -· : .. ;':'· •·, . . >- · ' •.? _ .. _·, · .. /·: .. "::.: ... :.,·-·_-,,:\"-•".:' 1

: • • :: ·:. :,': .. '.' /, ·- , ·:·_,.: -~--~:> :•·:i ', -:·:: :, ::\::•·.:f.l_:i:k\' .,:1·: -<:: ... _ -~-- _ ,· ·,, 1 ' 

-•·oxide)".. --Inaamueh .a~· the ,·amc>tult --· o.f"_hydr~ige.11 _ pe.roxide per 
' ' • ' .:· : -·: ?_,;\' .. . ' . ' . ·; .. ·.· .. , ,, ' ";, . . .,,. ... '·:- ··:J;.':''.:'i.~ :},·:- . . ' '' .. ·· . : 

gratn. inore·a~ed· ~\l!pon' rFta:hdirig, he ' a's s'un1~t,;·t~at ; ah.O thf?r 'oxygen.- .. 
'_• .. •: ··: . ,;:<\ ' ·' :.:. ·. -:,·:. ·::· :>··,:~(i .. ·· .. ' . { '. (_ ,·: ,: :,'-·• ... (:_:/:,.<. ' ::,/:'. .. ,~, .··.· : 'i: . _·.: ·.•,•· :· _. __ .'\;~;/_,;,'.:: .. :i·,_-., .. >:· ~·-\ > ·:···.·· ,: . · .. · ·. 
l'iberattng f$Ubs~ancEf,.; w.tuctb?·in · t~el'i> did Onot prc,duce · · 

,·\,,..··,. . - .. ·,·' . . . , 

11ytirogen l'ef~)lier UJ)on .. O);u ~ion; JnU~t •.. 11~.\'~(been r;r,/Sen1, 
orlginall··t ' but/,:~ttst:, k,laVe;; teatr~g~-~. to·:- t1i, .:}~tet;9xldeir · ~,hile' · 
·_ . . _· - . • _._ . . , . ·. ' \ < I ; •• . , , _.--·_ . : ·,,>/\},::><:: :, . , . < : ,, : . 
~tandinS at.· Q?q/.' i -:µi-· tpis .' ~n(4e.r,' , he, ao();9#n~ed./1'or · ~otJ;i ~he 

. .. ·. ·· :·- ·;· . ·-: ·· •/· :·-1, .. . •·· · ··<. •:.·· , 1 -..:_. · .. ,_ .·, :; - . ·. ··, ,>i··.hr: n:•:.;-'·:·\(·<:>,' -·. · · :·-- . . ,. 

increase ot . bydtogen p~roxia.e v1ith time ;~d:.' the extremely' . 

· 1arge ·o'xYseri.~pJf~i,1·c1~ .· fatlo !mmed'ielt~l;/i~~:;if~r ·:formation 'pf ·the· 
. , , . : . ,· .. _ . • ".··. • .. ' / :t, · ,· , _·' ,: • , , .., :;. ".•• .';i_'."·;_ ,;,, ' •·,·, .. , I._ ·.· • • 

'.i~:, ~·;, .: ;,· 

.. • ,• .. ·.· .. ; 

.. · µ'p: to: th1s 'poi.tit, , li ttie: was ~roi>'ol~:a.':, b.Y . T1'aube that' , 

\'IS$ nof,tc{ he fo~d 111 -'bis ea~lierJap~~}.';·trowev~r: ' 'hie v'iews 

Qii ttie .n;tu~e !!£ , tilt: non.:.;ei'oxid~i~rtidu~i't/~ eubs tanoe cilllllged 

·. considerably.· · .• ~tle:rie'r10 -had ' pr~p,ose'~ :'.t11Jt: the '!tetroxide'' ' be 
; ,'. ,_ . ", ·.,· , ., 



written a$ K2o•O), analogous to his to:rmulation tor the 

polyhalides and polysul:f'ides. : Traube . pe~tetrea to write 

the . "tetro:xides!' as 1t-0·O-K•02, .in order. :;t~. explain th~ 
origin of both pero:xide · oxygen. ~nd mol~cfo.iJr o~ygen., 'Eie 

_/)::~~:1·i/.::'. ·'. 
proposed a similar formulation for the· "e>~onate'' .., (l{?H!a•o2· 
or K.0H•0t - with the ox~gen being ~ouna '.·'.ii:;rn~a~s of · 

.. "aWtiliary valence" . to .. the potassium hydr~:xide • Pot~sslum ·. 
• " . • ; , ,' ~. • . . ... i . • 

»ozonate'~ would thus be termed p~:tassiw~t\{~,b:x9hydroxid~" • and 
• would rea.rr~nge . to the ntetroxio.e" ao ~o·~~'~rig . to one ~f · the: . 

. . . ' . . ' ' • . ' '·, _, ! "i -' .,, '.,,;",: ;, " --~ . • 

3(KOR~•o2 .::: 2K2p2•o2 + 2Kott:}U~?:gri2o 
' : ' ., .. ,; ' . . ·•. •·,;';-'<•:•:•,'. :, .- .• 

. or, · . 4K()H•02 = 2K;l)~•9a · + 2~2Q}/;%'f:oi 
·~1 though· the analytical data· ;ere ·-t~r: too . inadequate ·• 

, ·, ·. , · '. - • '· , · , . , ·:· ,"i 1·:.,_ :,· , 

to · jus t'ity his hypotheses conce.rning the ':"oxyb.ydroxide" f or · 
. ':.: _:_:;/{\,.'.:_; ' 

to establish the ·exact oxyg~n. .. hydroxide )f atio, Traube .proposf!d , 
" ' . '·· 

the following decomposi t1on reao-tions ..t~£\both .aubstances t 
(1) 
( 2) 

He also supposed' that it th~ original hyclro:xid,e '\contained 
. : . .. ' ) . ' ., ' .,· ' '· -·.•.' :· ·· . , " 

water of hydration, · the "ozo.liate" would .. decompose ' according ' .- :· . ' ' . . ,. 

to equation ( l) above rather than rearrange, to , the "tetroltide "• ' . 

In this r~speot, he reported · that the lack of complete 
.r- ' 

, , . - _- . - .. ' . : . I , -,_ . . • . :· . . . /'.; · ·_;· , ·.' . . 

dehydration was detrimental -to the progress of· the reaction -~ 
. and wo~d cause .the ~esulting ·ffozon.ate" /to be leas stable; 
. ,· _·'_ . . ·._ ' . ·:·, ' ' .; :.:>./: / ,_- . ·•,". . ,, 
he found that t .he same peroentage ot water• was · more detri-

,. ', ' '. ' • , •, '; . ,. . . 
:· '{1,:•:;- .· . ,' ,· 

mental to the formation and stabili ti or,'\rubidium and cesium 
. . . . . ' . ' . . . .. ,\ _:,.~ ---'• . 

"ozonatea" than o:f' the potas~iwn compQw.i~f / 



.A. t .ew . yeais . aft~r Ttailbe •~ iseooiul;: p·~per on . the all(ali · 
'nozon~i~stt~ ·:·st~ecke~ ·and:- Thieneman11.,'. 1A~~~tigated the action ' 
-~:e:' oZ~~e <on' ~-~i~:1d.on:s>ot ~lkait metais --in •':liquid ammonia •. 

:~--·' ,· '···<.:: ,J.,·.\"··,:' 

Tf;iey: reported that ·the first'.: a~tion ' of ' 6'~o.:n'.'t•rwas to '' form the 
' . . .. ' . ; .':-·:"-'.'•'. . :, . . ·. :, ·' ·. . . .,--:;.,.,::· · . . 
'. ' •. ; ' , ·- ·.' ,i,· . . .·· : - .·' ·,·,_ .. r ·:-. ., . '• . ' ·:· , .. ,,:, . ' . \J_~:::>ttx·:<:_·: _ . . ~-- ·' .: '. ·- ·~ 

. metal hydroxidEf~·-which _appea:red as a_ se+~~inous mass • . This · 
' ' ' . ;.<_.;· ·· \' , . . . . ._ . . ' . . ' ... ·:- =::-:.(;~::}\\t<··. ~, ··, 
precipitate dissolved upon continued ozohe treatment and a 

>•·deep 'or~nger.'t14'~d-was 'ro;lll;ed.. ·Ff .t1all1)(/;·:.~J:' ora~e >preoipi~-
' .ta te robied / · .; epia--btbw.n .: precipitates.,·i~1t:i·~>observed . when , 
•. s6tut10u or 4a1c1U$ ana ~ariilin• inliquf!f~nia were 
~zolllite~~ bllt ;~se k.reCi;!tates dec~;n~~:$~ as soon as the 

'. •• • . • . . :· ._ -' _; _: _. :· ·- ,,, • ', • . ' • . ,_ . '. :~ • ' ·- • .- . . _._.,. __ :< > ., :"-" . ' -: ' _- ' •, ' . ; ammonia had evapo:ra ted,. · They reported . tfia:t tb.e orange 
' ' ' '' ' : ' '\ , ; ;':: : : ,: ,, ' ' ,,:,,Yf(.> ,' ' . '' ' · .. ', ' .· .·· 
colored ''ozo.nates" o:r the alkali metals ;. _de.composed also upon . · ' . . ,· , ' , . .- · ·,·; ,·: . 

··'-.;-;-tfU_.:.'.:·; 

ClOmplete · evaporation · ot\·the am.mo.l'lia.f al:t,t:tough .. deQ'01n.Posit1.o.o. · : . 
,_,, 

was . a.lower than ,l.ri .. the · case· rof caloium.·;~d , barium. · The · tin al. 
: . ·.;:· -~ ,: 

products 'were t'OUlld to be ' mi:xturea ·or a~ oriium nitrate~ 
. ~~n1-wn n1t,:i'te·;.' ,'. the'; ~ydroxide :, of '.:"ih1' illali met:al · ill 

' • . •·.·. . . • '!,'.- . .- · . . . ' ·' • ··•.'.·;, ,·-,- -- . • . 

qu_estion,;. .. ·The· ,n,it;ate 'and 'nitrite tEisui·t . '. fi--om · the oxidation 
. . :,. ., . 

, 1111908. 
,Tlie method , or ,an~lyzing 'toJ;":oxyg:e.ti \:WHi alkali ' meta~ ,,· 

· · ·. · ·: - '.;.~:c(r· ,.._,. · 

: . QO.n,sisted. Of permi.t,tin.g most of . ~he ifqui;(l·; aqmionia tb 
. . . . : ·• . ' . . '· <\:• . : ,. . -~ . . ' ' ".' .' '\:/}::.::.-:\ ._. .. ' ' . . 

evapbrate, attaching ' the ·apparatus .' to ,a .:'gas measuring device 
•, ' · ... , . \. • . . . . ; ' . ,, .. . - . . , ·. ' . . .. . ·. ,••>•:;-i/_':; ." . I - > • • - • 

atid -sirnul.t~ne'ous1·, deooJllpO~ing . the ;" oz;~~te" and . evapora tirig · 
: the r:ema.inins' ammonia' ,b.v heating the re,~tion v'essel to : ' '. 

> • ' , ' ' • • • • .-, , •·· ' '.. • 

,. z50~300° in. an oil bath.,' ./I1he ,vol.wne O:t' the: 'ii berated gases~· 
. . ,, . ' . . ' . . . ·. •·' ,~-.-:.:.. ' . .-

wh i oh cob.sisted,.·of oxygen and ammonia, was ,llleE:1aUred t3.nd_ the 

oxygen then deter111til~d . by absorpti~n · in a:n . a'.lkalirie solu tio_n 



of PYrogallol. . . The alkali. , was . determin~d l:>t neut.t'allzins, 
, '. I - . . . ._i . ,·. . . - ,. . ,- . ~· -, 

. the· ·~esidual hyd;ro;xide by meruis ot dilute sulturlc aoid, 
. ,· I .' : ·.-<·';':.·•: , . •• :;: ., .. , • '~ c _' •.1 '·, , .:L ; .: :: .,-:,•~·: ; · . • . . • -~ : .· --~ -- -, ' ! 

' . '. . '. :--- . - . :i . . · •· - _, _' . . . . . . ,· ' . ' ' .-,·,: .. · .. · :,-:,_-.. . __ , ·' . ' ' -: ' 

evaporating to drynes~, , a{ld. determining ,.th(valkali me.tat · 
. i . · •. ' ,_,,., ._;, 'i., ;"'"• ..... -': ;·- \ •_: ~-·.' • .-· 

gi.-avimet:r.-i<:Jally as the · sul:t~te •. . . Determi.nationa _were .mad~ 

for potassium., rubid.iwn and cesium, . wi th \tha' inol ;ratio ot, . 
,· . :, , ~ : ! '· ( • ' • - ·• ' . . 1 . •.. ,: • ,.' ' · ·:-::/}(:/ ' •• :·, - , : · - . • . • 

liberated PXYgen to alkali . metal being ,a,.~out. 0.,7 to l for . 
\ i . ; ,'. " \.:, .., '.'. 

1>0tas$i1W and 1'iibidium, and approxfmate~~i&f to { t:or pesi,UDl, 
No: quantit~tive detenninations ;ere ma~i~/{~il ·aodiµm. ·. , .· . .. 

. . .·. . . · . . .• · ; ·/__ -. : . , . :. .. , . . _" . . . .· . ·,:. . ):\ ·;",\.'.:'.-{:~;h:·~~y:::\-i: •·ir :· _:.·./ " v\ .. · __ . 
Streelcer ·and Thie.nem.an .reported ·tl'J.a~f .usingaeidic 
. "/' ; . ' ' ' ' . ·. . .: ·., _ :: . ' './ '.:::· . -.: ' ·. 1.>\/:{:.)t>_:,,< . ·_" :_ ' \- ·:,:·:·_ . ' .. ·:: ,· 

titanium(IV) sulfate solution, they obtained positiv.e 
' . 1, ' . · i· ' ·. ' ', . ' ' ;-. . . ,• .•.' ··<~·;::.\/·.>;"'· ' •,: ' '·:, . .-:·;·,; 

peroxide te~ta on tbe so.lu tio~s ;reroaJni.rt~:, t:1fter the · d·eoom.~ 
" , , -:--:;:,.(;, f ..,. : ' ' ' . , / '. 1 ,, 

position of the «ozQriat~an in water. or ~<SJ.a: They also 
reported. ·ihat: .the. eaa~ ~t. for~~tion· and;/;he' a tabil;~t Of' . 

. . : . .'~-' .~ .. . ,· .. '->· ':· :···_ ., :. ··'. · . ... ' ·:_i_: :}i;):.>:· ··.·,;' ,_. :, __ :,'•' - ; j;\ 

the ··"ozonates" a.ppeared -·to increase }ji_tfi;Cinoreasing '3.tomi<J 
·: . . · ' ,;:/ \\·•,_<:;/~:.\ •:. ,·:· -1 \ • 

. weight of the m.etal,. th~t of sodi~ beitii>the least slahl~ . . ·.: .. • .. , . ,.·· .,· i i , .• ··.·•··.· •. ' · ... · .. ', ,;.·:;,:',·:>: ,> . . ' 't: . :. 
· and most ditticult to Qbtain~ · and tibat; of . ceaiumbeing the . 
most 1 s 't~ble: 'and' easiest .to ob~·ai~1

~ ; T~eil~;,';~s~l~a: verif~e~ . 
: , ' ; : ; ' , ' . \ ; . ' '. . ' .· . ; . ' . ·. ' . i•i' • : ; > : . . . .. : . ' . . 

the Observation~/ t-eported by Jianchot anci; Kampaobi;;lt8'• ··. 
' •, , ·· ·. , ->.\· · ,·.' ,_--::·.·,), .. )'--;.-: · · . ··k'-'1 .\_~;~:.Jr; >\_, 1'.'-'-'./·._.:, , ·. ,· 1 -.: .. 

Lit tl~ more was ' published on the SUbje'ct of '.the alkQli < 
' -, ·, , ... -.-, ' .• 

• • • I ' , ' ' 

·. metal ~'ozonate;n until 1935, ,when weiss ~:repor'ted/lhe reautta :, 
; __ ... . . _· _.·'· .·'_, -. _ _-. .. _,,:·, :·: ', ·, · . .,, · ·.: ; -~ •.·- . :-. : '.~;_,. :~.'.-~:-·'_i./'_':'_:._. ··.:: ,· .- :'/ ,,·:,_·:::'<-:_.~-t :·~.~t-.... ' / '·',; ' •;_, ·, ·.; 

.of his investigations. on the H02 rad;ca*i.n .solution. 
. . . • ,, ·. •·. -''. : ' : ·. ·, :· ' t : . .... ~: ::._: · ;;: ·::_'; - ,''1 " . ! . _.;. ' . 

Unfortunate.1.y, many of ·the · ooncluslons ·rE!aQhed · by Weiss were 
based on . irtsufficient .e~p~rirn~~t~l ~v~~'~J()'~· and:· ~llBt ·b~ , 

• . , ,-· · · , • • ' _.,_. ··;,-:;, ,-i .- • . ' ,;, 

. considered to be more speculation °tha.n :•aCClep,table conol.'uaioha 
. . . . . .-'. . , 

baaed. on experimental data • . ·:B'or the, most ·part, his p'µbli• · 
, ; . · • ' .- . . . . ' .1. , - ' ' • 

cation dealt with the e:xis teh(Uf ~nd '.· beha'IJ'ior of th~ .fi.02 

radical in solution, but hi·s many references to the reaction 



• between · o•io;4e .•a.nd . ..'t,lydtoiti: ioey provi<i~ .. eii,.ffioien; $:iteuse 
., ·.: . . ' . ! . . _ _. '.• '··> , .. 

Jo~ 'including: f~ "~c.,~g ~he >11 teta : qf Ft.he alk~ll . ·tn~'t~ 

~•qzop.a~e~tt·.·: . 
. · Wei ~s ' aseum<1d; ~; tlJiG' tile ;o~gi nal , ifia)lj; tatfo, ,'10t'k Of 

!3a~~ai. i,Jl<i vu11~i~ as 111f ~u~o,;it:,• ii; th~ actl.onof 
; ozoh;,·.•.~n •·· -~ol.ic1(kb:tasa1uni ·· '. n9dto~id.~ :. ,;esuti~~·-·:.i.n ··.the' .p roduo'tiott 
ot P'?t,~ilioi aJ~l~Me. Jie. ~beii Poatuf~i~ ·tJl., torin,"io~ ..• <#·• 

~ol t~Qm .~02··.~ccb1~! .:o,!::,t::::i\l~02 

>Re p:r6i,Os(3o. · th~:~' ei tber: hydro~~ p•er.oi:1.iJJ.6~-ozone '\vould result 
'. ·:. :·-. . , ··. - - . ·,, ', , · .. ,' . .. : I ,•.- · . . •• , ., :, '• .••. ·,' -, ·i. '.' ' . . , ::i~:, .. ·?(/t~:-:if\ :~: ,, . .' . -. ·. 
from the deeomposi t1 on of H02 according :J~o. one of the tollowi.ng 

! ' · ·--~ I ',•:·:.•::· · · ··,. . • ' ' ' _.·,. - . . :< .. 

~quatloris°i 
. 2ROf =; __ •.· 03 :. +\Ha<f : ., t )5;~9al 

. . . ,.-, ··,",,,,' 

· .. 2HO~-.=:'.:Ji20~ :, + 02:·t··'•4i?~~;af 
.... , . '• 

Be did ·not propo~~ ·a ,inethod.·· tor: dete.rm~#tti:g'which· ot these · 
• '. . . • " ' , ,:,, •. i' • 

,i)riok P1~oe~ . 'riorfind~ed, a.id h~-~v~n ·sugges~. 'th~t · 
.' .'·:: ' •,; ' ,-• :·. :;· - ,, ·.·. : 

<, • , • I ' ' . • • •. , , • , • > • :• ,·_. ';•• ·,._:; .~• j . • , . ': .~-, ' . ·.·- C •· :; " .• O; • . • ' . . .. , ." , ' , , • • , ,' •,. ,. . •" .; , , . .'·-. , ' , 

one might .take place in preference to the • other •.. Neverthe-
lesa~: he:J3howed .. th~t· oz~~e .' coul~ ·be . anal.;:~'i:6tiilf\~eterinined' 

' , • • • r -1._••·'s , , 

,111 . the prijsence of /hydrogetl' pe.roxide. a~~~tdi.ns ·. to ' method~ . ,·· 
0 • < 0 ,o . · ~, • • 0:' ' C ., • ; 

baaed on the t'bllO\Vi.ng equationsr 
:. ' . • • 

Iodometric Titration 
'fozob.e) .· o, + · 2x-. + : n'2ti;: ?2 + I?,: +/~9H; ,<, (02/!2 = l) ' 
. iuio~t> . H2()2 +: 2;•')· · :~ff .. >:.~ r~ +.: 2a20 .\}/Jo2/I2 • :::: . o t. · 
1:erm.a.hganate Titration 

(ozone) ·•. ~KMD.04 · +·503 +: 3H2S04 =· K2S04 + 2¥,nS04 + ~R20 ·+ 1002 
· (ratio. of 02 to Y..Mn04 :ta _51 , / , · -·· ·. • .· · · , . · 
2KMii04·+ .7H202 .~ . )H2So4 ·= }\2S04- _i~:0 2J1lnS04 + 8820 t 502 . 

, _(ratio o:r ·o2 toKMn04 is 2.5.t · ·· · 



Weiss also assumed tfie ' correctnesa of ' Baeye1- fllld 
i. ·: .·· .- ·) :· __ ;:/\ ,, .. · . . '. ". . .. . ... -_·./_ · .. ;·_ .. , .. \: .\:) ~ '>.:·.;<· __ ;\·_,-,\'._;-~-;: , __ ·, ! . _. ·•.• ...> ·,:·.:_:· -. :i' ,: ;.: . 

filliger•s ·, . .ligpothesis that the yellow ·ooldi:resulting from.' 
' ' . . ' . . .. . · ' \ . 

tf1e ,Efction' or . ~one Otl. 1,cbnoeritrated aq~e;J~>j,otass;tum ' h;droltide 

sol~tions , a:t io~~ :: tempe~atures v1as 'au~ tq •'fli~ to;mat!on ' of · 
' ' : ·'. , / , •_' \,. ' '.- . > ;> ',' i:::::f\;,- . . ·(·' ··:: : _i <_ .·· ,·:_ .' t~ .:- '··, :".:< . ~-; .. ! ' -i\::i<f>(>, ,·:'•, ' ,' :~-·:_-::. .:_· ' ,.:",·:·; ... ~- -< 
potassium sµpe.roxide .• · He then •meaaured ,.·apeotroscopically 

:- · · r '. ' . .,:, ,_· •··.•·;•:,•.:/ ·· .. _, ,; ." , : .'. _:: ;,. J'· · ,J. , •, : . •, : ,·:_ ·,-, , ; _ -1_ .< _,;\\\t~-}\/:<:,,-':_·, \ .. { _-·, . ·•~.-.. '·: ~- . ·.: . i' 
. the absorption due ·to :solutib.n's ot ozob.q'.Ji:#-: ivater, :in acid, 

ant in a11<~11 ;~~~u~h~} '.~4. aia~ ~~tef!Jti.}~~ ~a.cn<i ~dlit~f 
. ot such aoluti~P:~·; Gaseous · ozone had ~·'t~-~tong absorption · 

·. in the• ul tra-Ji~f et, Wi•th a· mBXi~rim a~Jl~lt°; aoi~io sol~ 
: uti~ns of ·ozone :::.~how~cl the same ,_ge~eraifli~;;aOt(¾ri;tios~ 

:,• - •-:., •' >;.• '• • • S • . • • •,. · ' A _ _: •t••'/'}i:/:\\-')/:/.',_::• ••;, ,••, ,,:• ,_ •,·• ·,: •. ••,:. :._ • ' 
but .with a niorediffuse S,Pectrumi .- As the{aikallnity· of ·'.the 

. .·· . . . . . :- } :' •.··· . ., . . . . - ' ', ' ' ' : . ',; ' ;,'::(;:j>·;. \ ·.·. ' ' ' . ' i '> ' . 
_ ozone solutiona .:was 1.ncrea.sed, the abs()~ltfon in the ultl"a• . 

' - .• • ··_ - · ·-. -" ·•• - - ;. / :· ___ :":_\: :.·_ :··· : _:., • •. : _ ... _ .. · • - _ _ .. .,_ .. __ • _ : .-1·.;·(Hll/~.-,_·;t?r .. , i ·_ . . -: ·.·.:_;_ .. · - , · ., . _· 

violet decreased until , it completely di:~ttppeared · in :, strongly 
\· : , •~ •, • . . •' . ' ' ' • ; • _, , " ._.J, •_., . .. I ' , • .', .. : , , . , , , • 

alkal.i.ne solution • .. H~ 'obtained ·. an -· absb~p'tloni .. band . in the 
_. . ' ' · · .-·- ".•., •, 1_,. . .... ..... . ' 

\ .'.;;,1 :·.; 

· blue region of_ the visible spectrum foi)~6lutions or ozori.e 
: . ' ' ' . . ' ...... ·.):'-":":.i·>.:· ·_ :,' : :. ,· ': ' ' . 

. in 40% potassiwti.'·hydrotide solution· at· '~-l'':t~perature of 
. ' . ), ' ' . , ,•'• · ·" • , ' •i ' ' 

about .40°0, . an~f,. assumed this absorpti~J/. to · be dti~ to ' .. . ··\>,\' . 

potassium superoxide. a.ti~ supero:xide ·ion.~,: -< nowever• . he showed 
, :' ,._; ., ,· 

no direot evidence to substa~tiate his;~sumption, an.dine< 
:··.·,_.,.. .>. • ,.. • ,•,· ·• •. '·.'. -., ·, ;: ·; 

' ( ·, 

is '. :f'oroed to , aoo~pt ., hia oi:aim as :mere oonjeqture • . Weisa•e 

~pe9trof39opio:,.9bs.el';va_tion is really _ no more ·.significant{ th~ · 
• • ' . • - • • • I • . .. .. , . . • • • • :. 0 

. sayinef that .s6lution~· -o·t zone in stronglg illaline/niedi:um > 
•• ; . , - ' . .. , . . .. L ' <:'. ·,- ·, . , . . , 

' at low tempe.ratures are oolOJ.'"~d· .yellowf ;1th!~ I ~ucll h~s : been 
. '. :. . . .. .. . _:C...'·, '-: . ' ' > , .- . -:· • · ' ·,< .. _ .. ,' . .. : . . . (·:-._ 

known since . 1902. 

At the ~ime . that the ~resent work ~!~ . l>~gu.o., all C>t th~ 

available information · on thEJ alkali. ti1e t~1 \:•~ozonateat1 was 
contained 1A th~ publications :j~st · desc;i'.'~id~ Since th~t time• ·· 

however, a new and oore complete app~~~~tl• ,to the p~oblem 



·.\qaa ·· d .•.. 'Aseri.bed >.by .. :1ta2:"J:rz,hd'VS,. kil, : Mikolskif ' ,:and abletsoval..4~ ,., ' "'· . . . . ;: . , ' , .. . ' . . ' 
; .. . (·, ,' 

()ne must remerob~r >that. · prio~ ):. to <l9.49/ ~i : attemp~S to· 
. ' ·J. · ; ' ' ' . ' . l '·:; . . .. 'I . ' . ,· ;\ · 1 ,, . ' '\ ' ' . ',; i~ . . '·'; ' ' . .· ': 

l$olate the '· pttre ~oionate'! had been: uh.successful.· Strecker 
,.j~ \thlenemafi~~/h~~ shovin 'that. the ·ozoaif~'tio,n:.6~· ·s6l~tions · 

" . . ·' . , . ,_._.. . . ' . ,,. ;'·) ; ' ,:. 

:.·of alkal.ilmet~l.~,:.1~ 1iqu:td amn{oni:a '. gave }f:1)f1t: .. tlie .metal> 
... .... ·.·. > : ' .. '' .. ,. ' ., '\ti/'.,; ' ' '. ' i \ ' . ' . ' . /: ' ' •'/;'};<:{/ , ' <,, . ' .· ,, ' ' .• 
:. hy<iroxide . th~n : or~~e eol~red. solutj;(?1 Ef . ,. ill thpugh th~y · ,f e.iwRarenJli\~ ware -~ .fh~~r. _dfo~~~~~l~/J-~--~s r~.ce~tir , 
~eco.rae.,:_obv~ou.~ i: ~.tt~t they >:Ste>od . olose,r , .tq;f;~,;\~U~oeaaful , ~ttempt 

· :- _._ · • . . _ ·· .. :·'° ·:- ' :: . .. _,. · :_- ~·· .. ·,_. '. .-:·::._ii\:\{i_\~-.. . .'·' 1 :·.·i.:::.:--:·. ·.·,H -·•. \ · .. . ' . .- .. :, ·:·.-;·,;_:)t_:;;}).t?.<>· ·•: -~·: ,:• .. ·, : ,.··.·.- ·. ' •_' .- · . . , 
· a~ isolati.ng , the )pv.re 00111pound ~nan>. any.::;9p.~ prior , to 1949. 
:-_.<\ _ ·,. ·_ ;· . · .. ; ,: -.~ _ .. : ; . :·~:· _i1·~ . :-: · :) .\::·_'._'f,.: . ;· :~ . ... ;,·. · ·Y . . ~:: ·_.' ·:;'. .•· _:-· ·, . _··}.·· < .. .. , .. :/,: . . . :_:·: ;->:ir:tf~~{_/,-_:,:'._·::: ·: •. , ; . · .. -. -,: .. _: .:.,,_'., < , :: .. ! :: • · ~ --

' H?We-v:e#, Kazarnovskii•• .. Nikolskl.i. 1 · and Al)~~~aova. w~re the · 
:i/i>'·•.~ ;"_ ·-:~,: :· _:·:.: .;·_ ;:•:: :_·; ·:-- :. :._ ',.!_, ·_ ~-'. · .. '. :::··\\~<\•.·:':·; : . ,·. ;;-;_:·/ >; ·_, •· ::\ ' '. . '·_ . ,: : ' ' " ·· .: :_ i~ .•-. .' -; :·_-.,_:::}\.i/'.J\}_}\:·t:·· .. :-.·~:.-: ·:,:.·: . '; ' ... : . _::,.-:~ _·'-::; •.-) ._ , 
'· one·s ··wuo ... P1odtloedi the ···.:-first ... ·reasonably· .•. ,P~~9.·potass1um · 

.?ozo~~e ... · ~y m~~iz1ns .. a -~mn!~~-~iif !~~ot1 QR .Pra~e~a~ 
·, Xaza:rnovski1 , .. Nlkolski:i. .: . an.d . .Abletspv;a pegan. by : >· . · · _. .. ,_ -. .- ,. · :' _-.- .. ;_','.·.,• ·. i-, ,:_ ·: ' · •:"!_/ _;:' l <·~:-:•::-::~-i >\-- . ·," '. ;:~:<·\J\.f'. :, ·.·.•:'>-- - · ·. :. __ ~- ,, · . 

. ()Z9natiag well.-o.ehydrated, : _pulverized ·p~t~S$1Wli ,hydroxide : . . .. , . ·. ,. : / . , , , . ·; . ; , , , .. , ;_: : > , ' . . , ···... . ?>,::W,f:\ , , ·.. :,. , ·. : , . . ·. . . . ····• . 
. tor ·.2. :to .. ·J hollra )at; . .,19· .~C> ;'"'15<?0 . wi$1,i .. ~i:i~~f~fully dt-icr:!d a~l;'eam./ 

,'-.::·-.:' ' ··_·_ •· ': ,,· ' ·-<·:_ .. --·,>: •·:. '::\_y,·,._.-~ ·. ' ' ·.i · . , ;. i: ·, ' ',;::'' ~1. '. --·. ·. ::r:-,'·:, :: ,_·,-:_·t;•\:~:!·:t:;_--,;?:;r:,::: ' ·, .. _ ·- .· -~. _·' '· . ·,:· ': -: ' . . ·, _· '." 

:'of 6~8% o~onated . o:xygen.,, · This >react1on) ;was, . .n0.· ditterent . than 
' i' ·:.·· <· .. >,, ; ·,· ' •' ;>' , ' : ,, ;':". ' ·,;');\:\\,''/ ''. ', .· .· · .... · ' '• 

. fhe otle nqted. . by· all ;Pr..evious ·•.· 1nvestig~~d7~\ tlowever, . they 

,t~und ~h~t.li~~ti i~dhia' did not: ~~·co~J~·~e the :~oz~nat~" 
; :, \> '· // '. '.';· .: :,-, :·:''" '.•''.':- .·,;.:_:_•-.: ,_, _> :·;•-· ! '>:>_:. __ .-_ :. -._ -'·.:·:' ... ·:i}//•:~'.\,·:':> _··.;:.' .),· ,:_.··, .. ~- ' ... _. i ' ' 

: and, :: furthermofe, tbe'. tfo~nateft· was quite ;s<>lul>le in .·th~ 
·.an~onia: .. ;·h~/''rouna:\iia·~-~h~~ '.·~onia~k~ :;onden~ed ,on . the 

;'. , ,, .-. :-. ,·::. '/ _; • ) r : · • · - .:·._.' '· ;_:"'i: _ ,: ; · ! .', ·_ .. ,; ,·_ ·:<•:"' :: · ,-) ·.·:· ; ·,• : t .. _':- ·.; ; '. : · _. .:··: · 

"ozo'.nate•• ' a1} the, temp'Jratur~ , of 'solid carbon dioxide. a.n 
. \ ' ·, ·, -· ' ' . ' ' . . ., ' ' \ ,' , ". ·, .. : ..... -.. _',.,,· ,/'i.j ,:-'.,·' . ' ' ' ' ' . 

orangei.red solution came through the sin.tE1i'ed-glass, filter 
~ - ' . . . : .. ' .. . ' . • , ,i'••' ··: · , . : · < .,: t ·;_,-.,., ,.•. ', , ' '-.'~-' .. ,:-~-.. . ,;:- , ... , .,·~, .! · . •, ; ' .· .: 

used in the ,,precess, ' leavl~g behind ., .the·'µh#eacted .···hydroxirle 
,whlch \~as .i;s6iil;~~ in:' ~lie emrainia. :': ri~;():1/ e;'apot~ti~n ·Jr 

. . _.,. . ; "' . i1 i . • 

>the liquid ' ammonia, '.there were obt'alned ,reddish-brown or.vstals 
, ' ' '• ·_ . , . ' . , ' : ' ' ' . ; ,, ' , ' . . ' ' . . . ' 

which, upon ana.~.Y.sis,proved to : ooq~ist:~1nly of a compound .' · 

having the formula ' XO; . 



.· .. '!'.tie authors di.cl. n9t :repp;-~.· tfud.-~ , method · of $'1.l;UfSiSf .. 
'·:"· . ·.·: ·· . ..... ' · _ .. ··.- , ' . ... .. ~. ··.:.,: . . ,•: ·,•(.·--/ :,":; :/ :(('.i\.·; ·· · ,/ ::: __ ~ ''_ ,: '> .,•:,•.< .. · .. 

between.· U.9 . M4 .43 .,5 ·weighj;. per~~to¼, •;ttive~•. o;rygflllt,; 
an~ betw!)en 5~.(; .and 5 ~, 8 weigh~ ;eioen1,;{cit}p<1t as siwn . . . 

J®lll)nde • . The ~.um dHte~s from 100 . bi~#t"t.i t<>. )%1 1!hia , 
:deviatiin w~a , ~xplain~d 'by the prese~~{'~i)wat~r .an' . 

. impurity, .. • The. Scif mui,a Was . a chl~~ed b;: ;~;i;,t!Thinfng the . 
above ... mentioned values for ''active''· o:xyge,tf ·and ·the alkali , ' . . . ' . . ' .. ) ' ' . ' . . ' ··. ' ... · ;, . . .. : ,")\](\: ;,: . ' < . ' '. '' : .. ·· ' . 
metal o~ide; then deter.c;,u.ning . theoretloa:-J)l'y: the values . : ,. · ,. .. '.. ;·- : ... _· --_- _ .---:.,._·-_ . ·. · .. ·,-; :.~> ; ,_· _-_. -~ ·._\, ... :; .. t·~i)lttt:•. _ ,i. .. .•· ·_ ... ·._,: ·-< ;-:· ·. _ .. 

for water, potafifriwn :mo.n()~ldev a.nd .acti"{~} ?xyg~n :w~~ch .wquld · 
.. , ' : ' 

'r~sult . from : the decomp~si ti~!! o:l' .. severa.-L}¥ ossi.ble -tives of·. 
o~mpou~d~:.: . foll~l~g theoretloal ~~i:~~ation~ :.~:~re . 

·made: · 

. Pom,eound 

KOH•O · 
'K0H•o2 . 
K0H•03 · 
K02 . • . 
. K0.3 . 

'· ,·. , . . . , ' . , ' ' ··., • :, ,-.,.".' ,· ,• , .· , . 

,. active ,ox.yt3en* : . 
' . 

It . thus .·.' appear$cl;,'1ii>. ~t . the . analy tlQal:,da~e/ :f\tte'4 the 'f ormu-> 

i~tion ~) beti~#.~han ~; :~ .tji~ 0~6el~~~~fbtfi~1e~ : . 
. and ''the . authors ~o~nc,luded :· tb.at :po~assi~ytfozonate" l11UfJt be 

, , '. _. . , . .• _. •,_. . · . · : . , · • , . : : j c; : . . _: .. · · . :· · ·· ·. · • ,t,_ . j ;·,. ; f <.:-' :.. ,-,-,_ '.. ·- • ·· ~' · :·· ·, ·. · , · .. 

a new · o~~~f! . of potasei~, K<:>j• , 

' . •. ·.•· . ·-: ':•·."> ' 
*IJ.lhe . term "8otive .o:xygen" as used -here refers to .· the oxygen 

' :. . . /:{ ', . 

liberated upon ·complete deco.rnposition of the ,: compound. 



Ttte •,aUthors :,. reported tfia.'t/ the :.tu;1f 'h::d .. cte d~c'omposed 
:, stowiy ,·~t\roolhiteirip~i-atnfri.~ .. · liberatlng ···it1~eii, /and ... gi~111g 
pot~s'sium' i~p!;i:fiae aS'. the .. end . ·,~odilcti :accordirig to the 

. x-ea·ctio.n( 
KOj'¢ :K02 + l/~02 

., H~iilev~r, no 111~nti6n ,vie~ made as "to ·: the. ~~ierimental · veri .. 
' •. . . .. . . .. ; :; :·(:\:(.:. ' .. ', ' ,' . . . ... . , ' ' . . ·,./'/:,.. .. ·, .•. .,: ;, 
t'icatiio.n · of tb.e :)#eae,tiQn• •· i.e., . n.o ,s.,peof;;p chemical tests 

-_: . · . .. , ·. -i·--··.:i:::::: __ ~.-'\/>_ :._.'._·. ; .. -,_'. _.·; ~- _·.)·<· _.··_ ·_:_· ____ .· .. :,))\;::~::'~'.: ;;~,--':•/·_;_·_:,-... :_ ' -;: .. , ' ~-: . 

Jo' $\llJ$1'ai;t~&t8 j;he 'fOl'mi.tion Qt' iot. es.of~{~ (W eroxide was 
, Jttef8~, . Jhei,1~r; 'no ~re spe;Ufq th~ ~o ~tate ·. ~hat KP3 
. posaesa'ed u'it1sid:.v/:~eagtive··p;t~perties~-:-;l4a.\ttakp·ear'ad' to be . 
. . . , . .:y.:;-J;t:• .· .. ·., , ·· · , , . ·· ·:; ·:'-'i'Yit{r/.i ..'! · . ·· : · 
et;-o,ngly 'l!lley likewise. x-eport~.di/tllat oxygen was 
giv-en ' off '. vig'orousi/ When ~ater wa~~-ad~~~i\{~' the "~zona te lf,, 

,·, . . . ' · .. , ... ;.-,: :,• . '• · • 

aooordi.ng .: to . the ,· .. equatiotu 
· KO . / }i o<i=:i: x+ + on· +,. o .·2·.::·,·.;·:·+··•· .. ···., :. OH ) . .. ~ '·· .. ,. •,: .. ·:,• . . "·'' ' . 
. 20B = H20 : + ''i/202 

' , -:· , .: . 

. TnuaJ they • asaum~d'. that h.ydrog~.n .. Pero~;'.~'~,'v,as •not a produc,t 
i , of .t;he. deoomposltion:;: tilli$,S$ . thei' 11½ip~;i;:; ~CJ· \~a~·eate it~ . 

,· ' '' ' '' > ' ' . ' : ' . -~ -' . . · .. , _1, ·•.:.·. ' ' i .. :_ : ·_·, . ' ~,. ·existence by means, of the >OH ·radio·ai • . 

'r.he ~inetica of the proposed deoom~~~.i, ~ion .of KO:) to· 
. .... . '. < .. ;,-.-.. :_. ·;• ,,' ... .. __ .;,_.,_ :· ( :,\ •:t -'.i• ;·_ .' ·. _·.· .-_· .. •, ·_ .. 

what was presumably potas·sium superoxide •indioat'ed that ' the . : . . . . . • ...... :· ' ; ;' > :,• , ,• . , ,, ; .... • . ,I •;'::•. ' .•. •,.' .· ·.I : .•· .·. • 0 ' . 
. time reg_ttired• ·tor:. half~disin.tegrati'o.o. was _ 90 hours at 15-20 . O, 

, l , .. , • . 

wi tb.• O~Illplete deoompoa'.itio.n taking ·piaoe . 111, ll . days • . . At a . . . . , · ,,,, ' ... · ',, . ·. .. 

_temperattire of .· 5o·'to . 60°Q~: .. ,tb:i:J .iUs1nte~t~tioh . .re.quired 011fy 
• . -· . . ' • ', ' --. , ,. ' · ··' ·' •.i,• .·, 

-about .Jo minutes, ···· b·ut·at· the, temperatur~· bi• '~olld carbon ':: 
' . ' 

~o:d.de, no eppre~iab.le deqomiosltior{wa~}ooservea,· ·Tney 
'· ··" -_·_ •. • ' . ·,- . _·; _ ;·, t . • • · ·. , ,,. •. • ·; ,._. .- , .. • 

reported tb.e.t .the ini ti,al ·· $UbS tS:no~··,COltt~t~i·a .. .. 9,.',]llfo 1{()~ and 
', . # 



s%,K\l2 I a f ~er . d~cicimpti~l;i, pn, , -~.h & pr~M, J~~i( re 1>!1rJ;1;'1 '. t§ 

·~o!)tai~ ;s?,$% )tO;l, N'd}', 61f,.• · f O,l!• .• ~~!l·i~il·f~Jie11, t~, 
indicate hoW they ~i-rived at tb.ese):: figute~ i .,,, -:. .. ' :,:·· ___ :,< ·f_; :; .. ·· .. _ . ,-:·:.r-_,_· :''" ·. _:,: . ' ,:_:_( ' ,! :" .. :• -'_'_'.' ·;': .. .-::··_/t•:,-:·,?-/:· 

.Magnetic )ri~~s~r~minta ::orO.a niJ.xtu;,; /:~;f~/~wnaJ:,;y :~r 8&% 
. ' ;· ' '} ' ;'.' .: >-.··, ( ··::•·.:,::•_ .. )_ i' ,,.... ,. ·,:_. / ·: .·. _,_·· "••-··::/''..:_//·:,:" .'_ ::·<'.> . ..::: _·. _. 1_ ... . _ ·. _ .. ·· -· . . · . ·_. ,, '• ·: 

Ko 3 ~!1cl 4%. K02 .indica~.~d a . gram .. r-l~,~~~~3/~:~;it1·at .. 20, .d~~~e~EJ· 
· · ·• ·, ·. 6 .. ·. · ' ·•· .· ·.· .. : .· · · •:; •x:;t. " · ·. · .. · .· . . : ... ·' ,..6 of 12.·5 x lO~ ,' cgs. ,µnJts.·, '+ttis ,gave >'a i\Y~+ue of .,13.,6 ,c ,lO ·, 
. 1 ' 1'/ ' •· ; ;-., . i\· ' . :·.-i_:_:;\>\; _- . . • •' '. -. '. -~ :,. , :. :-· ·•-: ·:·> ·; •~:::\:"~\;//:f:~:,_: · . .'. , ,-', . .'~r •-·> _<. i . :.._ ,'.·. ;~,·-: ,·• . 

ogs uni ts ... for ~li~i gram susceptibi11~,r ~(X,\Rµre JC03f a to.Cl~r, . 
·, :: -. · · . . _, ·._.·_.> .· · ... ! _- . _.:.· ' . : •.· _··._ ji/\'~,}:-~>·:.'::" -·,:· · ,: . ':· . • ' . _· -. ' • 

. s.~s~eptlb!;tit.v ' hf, 1185 x: 10:6: ogs un1~.~}1:i{~4•,,· eonsequen~ly; 
:: .r::_-/ -:· \._:., ·· ·'·: , ·.: · __ ::- · .. -.. .,,_,_r_:· _ .. , ( •- ,·• · : · ..... / ~- . . •_.\:·:}t0~ft:}l)'·::-'.;\~'-:.-:- _ ·· ·:::· '--~- -· ,_'_ ... -- ; -~-: · . 

a 'magnetic moment: or :l.67 .Bo.llr magnetons'J::? .. i'.Jhese magnetic 
. .. ·· · .. · , .,- \ ,· . . ·>::;. · •··· . : -· , .. ··•·· ... · .?i:ttI}i" : · ... ·· .•· ·.· 
data : showed ,, tne'\;p3 to .be pararna~netlo.: f~~\ ~C> :~ont~n one · 

. .' _-·: > ~- , -: - -·. \ . -. -<: ·-. , ... l ·:_ .. _·r _ .. -! ,. . - _. :' - i .. - ,·_. '-- . - . ',. ·, ···/ :··:-'' ' }r<:· ·>:-. '_: . :·-,. ~-.···:<: .. , ,I :·: - . - ··. _,. , 

U:npai.red . el. ecttb,~f.; per moi'ecui~.. t..hll~ eltxh¥~a.ting ,:; the::. 
. . . . . : . . ,: •.r .. .r,. . . . .. • . . .· .. . . .. ;:,:/;i:?:L\U::.' ' > . . . . .· ·. 
pQssibili tie~ : of> the . formulae K2o6: and ·~g~,~~)., bQ};h:: of' · whfgh · 

: ,_- . /•,'. ; .I : , - ; · :-. .· ' _,.;,_ .. ·• , . ·." .. _: ' j•.1,l~,.,, .,.-'- .' -', ' ·, . • 

should be , di amagn a tie. . - • - - - . . 1· . .. . ,- • 

·. Eleotrica.l conduQ~iv~·.ty• meaSUJ:~~e~;~~;f'.6n 'So;Lu.tipn~-ot K9, 
in li'q~1d :~oni~: ·:( .~t ·.·:-;o0oJ indiCEi·t~d '.J\1:~~l~~ Of :\~i ~~s-~ . 
· •.· ' ; .. ' ', '.> ·. ' ,' , >· ·· ·· : .. , ' · , ;•' >. <, - ://:, ., ··«:; '.\ ' .· .. •,· ,. ·, ,, ' 

. for the 'moleoular e1eotr1oa.1 ·conduotivi~y} .. As , "fjhe authora : 
· .. ·,·; ' -· ' ::, .·, .-·.• ,: -: \;' ; ;;:;:.,•,,, ;"",i __ · __ ,,• •.: •. : • 

, ! . -: . ' ' . . ' ' ' ,_- . . _:· ' ,,• ' ' . ' ' -.. ' -,,-.•- :· .-· ·, .. ._, ' ; _, . ' .· ·,-. .. ' .. 

pointed -::out~ . . thi.s vaJ.ue. would se.e, ~o e~t,'abl;~h J~Ol a~ . an , 
. . . - - ' . ... -·-: •; · . '' ·.·,. 

electrolyte . O:f •"moderate. strength" and giv;· additional proof ..• 
. ;. . ·, .- .. . .. :_ ., ,': ' : '·' ' ; · 

to the :existence of a.ti ' o;- ~zon1.de ion, . . '/ fhey ':suggested· that 
th~ stab~lity ot ' th~. ~,-~10~, ~ou~d .b~ ' e?<Biahled orithe ·,b~~t~ · 

· of 'resonance hybr,i<11zat1on' _betwe~n · 'fhe -·~e'guiar .two-eleot,rgn 
. . . ' . ; ' . . ' -~ ' ' ' . . . 

three.;..ele~tron b~nd Vias : ass~m;d to b~ .. possible,. wl~h the 
' :Ji .:'_: _, , .. \ .,:, ,,.- '·,., ' 

., to;lowing resonance structure,st 
· -.o.o i.u.O. 



-The: bd.no. ~1f3:tai10~-wa}f C~lcule.ted to_;,, be i~::i~i,: .b~secf _ on /the 

e:Jtpressforii 
--A(io,:>\~·1/2(a.(ii'~okl' •F a(Ko~l::}H1 

wner,e ·<i 'refers ,to.'."' th,f ·. oxygen•O~ygen '_diataHc~ • 

. ·. .. .... . f ,ieli~~~.\rr¥t,t~1~B; ¥h.1r s tud~t~:~;~it; ted' ~lia t the ... 
K0:3 •m.ole.~µle p~oba,bl.y po~ae,s~_~s a_ ~I':l~t;~,~J,¾D;, structure 

:, .. -~. -.. .. ;_ .. .. : _. _-- :_. __ •::·.·, .. :.. . - : >> .,_· ": __ :··· ;:, .... ,_._ .' .. .. ,::; _. :' /:, .; :'._,· ,;_:: .-_--._ -:'. \,:-:-:,-/~\i~ff:·~t:\:-',;.::-::,r_ ._ .. >· :. __ ... ) ·_. _ .. 
Si~i.tar. to -~);•:-:: .. /.i:.tie ..• Pi-_ 10~ . w~s .. :f.ound•.·J~:r:~-t.r),;n~ar; a.a· is 

. ' ' . . . ' . . ' .. , : . . ' . . ' .- •' ,., ·,... . ' •· -·. ,;'·'•,··.l : ··.·•· . . ·.\ , , .. _. . 

: .th,;<~:i~'.)9n~\, 
< ·, - -.~ •- L, •. , ,._. •\ 

Whe aut4or~'.- prt:>p~aed. the• t0l~owing. __ :13J1~in meQhanism tor 
' /' . ·-'· :· . . --·_. ./)/'),i:.:;::,·.:_:•' " :.'- .··_'".. '. . . , 

J~R~.+ :· Pf\== ' K9!1'.•,0:;: 

·~9ti'iOtio;;;'J:, + Jio2 ;*,t9~ 
lIP:a .... Oj .l1f ~- .. · 
. ~0 · t .,oi/7·-ao2 / . 02·;,_.,.etc~) 

'rhta OVeJ•all rea~t;on ·WAS 'Wl"i tte.n as! , 

,Tne :· eieou.r~rL ai'fi·lii'.tt of .the -. ozone ·molecule waa ·· 
· . ; i . ' ' '. :: I •• •i:, • '.' ,• ' , ' , ' •' • '. ,• · • :,•:• /': • , • ',: ' '. . ·•.· •.. •· • • ' , 
;.·• calculat·ed \frPm ).bbna .. · euerg1es • artd .··resonance . e1ierg1es •.to ,.be • ::;;t~:e~tiii~~~r::~:r~: :::~ eQtkpi af tihi ty O t the 

. +.ni' £11'tem.pt1hs : t'cf e~aluattl, th~ piev-1p'1?• wo,;k, · one oan 

t~nd ;ani.ip<)in~f :r • 0!!#<1iiment. lll40n~ .. ••·t~.4I~~~i<)~8 ··. inV~ij tiga tor:!. 
All. :a~par~u:; .. ag;e-~.-fuat '.th~: ,rozon~-i~J',t-:}e.~omp6se ·_.1n wete; . . -

. ;_ -. . :_•·,_ / ',_··, ~(·' ., .,'./··-,:\· · . . :·:· ·;.: .... :-"\~- ' •' •··· \ ,:._,'.:'.· . . ,,. ·,_' /~-' __ :::._;?.:'_ ·-: ' , ·>•_: : .. _: .. ;,>{\./-::.·.,~ .. :' _· . . \_:·· .. : -. <·•. · _·:>. 

end dilute ' acid ·to · liberate· .oxygen~ · Most . of. tne inveati• 
: :,: •,:' .. . :,\. ; • : I :</ ) ' . : ; ::':)•.,,<, •> • .• ; . • 

'. g~t<ire ~po~~~a-:::llos.iti Ve tests f .01:' h.Y,drog;~fi :' l)ero:xide OIJ. 
:· . ' . ·• . - . ,·. - ' ; ': '.\, :. ·,: .. :·· ·:, . __ ; ' . r. : ·. -' ·., •· •-_/ . ,; . .,\ • , - . - . ;>·:·:.;:<\.,:\".:.) . 

, eolutione res'4·'t1ng, l't'o.at'. the . deoo1npot1iti. 'p~.-01' the "ozonates", 1- . 



'ai though Traube?• 8 r_epo:tttecl only i trace' i()f 'bydrogen peroxide' 
,, , • ·., • ,, :. , ;_:.;.-/·'. ;': . ,·_. ..... - .' -- " . ,:; " " ' -· ·-. • ••• :· . , 1 

immediately· after Pt~J?~rat:1.on .Of : the ·''.oz6b.~teff~ ,; .Ai_i of· the 

authors v~ho ven'turea:' opinions. on the 'niai{er s~~ed. to feel' 

that th6 .ttOzOllattls" were··either superoxf~eS· l13aeyer••~nd 

Villiger2,. ·,1e1sS1') or nre .. sub,stanceS.wh~oh toa-m~d .. ·.sup~r ... , 
oxides µpon standing (Kazarnovsku, Nile~~sk11, and Able~s,oval.f { 
Traube 7 S) f th8s .e' pi,opo~als J if t.rue t ,t:J~ expl ai.n the .···• . • .' 

positive _p8:rpxide tests, However, Bae;~r: and Vill1ger2 

pl'esen ted no quantitative data · tO S ~:pp()~~·:'\heir<p:roPosal., ao 
theit; Opinioh must · be aisl'egarded; WeiS~\'~ifely ,acQ~pted .the 

' ' ' • ', • • ' • ' ', ; , ' ···:: :-_,':.~ ;_: ••• , ,.,~ : ','. •• • ' ' '', , 

views· 9t-Ba·erex- Wld viiilger;. there~Q,:e;\1:'.~~s c,p1nion. must ,be 

oomp~etel,' ignJfed; K:az'ar.novskii.,. Nikol~'.~i1·, .and. Ablets:ova · 

tailed t~ .. men.tio.tl their method:s for detJ't•rnlning ;po'ta;3sium 
<· t ' , . ,.• , ' , : ..•. · ·••.' •. ··-.,•'.'I - :. , ·.· .,. 

sup ero:d de_ 1.n · 1ihe P~,esence ot., Ieo3;,., }3t>_ . oij{:cannot properly 
• . , , • ' ' '. • : ., I < • ' , I 

evaluate. 'their. datal ·Traube ,appears ... to ht3.Ve 'the.:Strongest 

oasef wit~ his quantitative detel'lllinati:=~ Of th~ oxti~n- . 
' \ /• , ·,·: 

. ' 

peroxide ratios, a.nd o.ne can ·scarcely ign~i-e 'the cc,~sistency 
of 111a analytic.al data .• · 

The role of/Water in 'the f o.rinatio.n· ,and s. ta.bill ty .of the 

"ozonatestt' ks b'ee,n. 1ep;eatedly m~nt:ione~: bY· several autbo:rs, 
bllt !lo on8 h8a attelllpted to i~rr.v 'ollt' ;;;~,riments ~esigned . 

. sp·ecitically to det~r~.o.'~ _the· exact roi~Jp1:ayed b'y the ~ater.· 
All .Of t;he authors'>wh<> .pb.nduo.ted .ex_p'E!.riments. Oll· sever~l . 

'i,;···•, ' '., ,•,:,·.-,;· \ ' ; ' 

·Of the alkali metals a.greed•,.that the ·stability Snd, ease of 

·:rormati~n:·;.C>t ,;the "ozonates''· :app~ar ''to\:·1nd·r~ase .tn.:'the .order 
'·-.. '. · ,.. ..- ·.,·.·:: .i'. ' ,' ,_._ '"'. ',:·:': , .. · -·- .' . ' ,·. 

sodiwn. potassium, rubldium,· ceslum, but'}very ·little.<work ,has 
' : ' - • ' ' :·, • '·.' ,,',_•' '. •, ·• ,·,·· ' ' •• '., • < 



· beeii reporte<l>'oiithij '>aeti'<i~ --n=>t·:· ozgne,, · on soclium· hfd:roxidEJ:~ ··· 
~j: 6;f tb.~ i~\lfuit~tiv~ d~~ki ' ~~13 be~1i1J:of ihe tto~o,~(;13"' 1?,t 

1 
r ~. , . , ' .. ' ,.·· : . : !. , -~ ·, : '.,._ • . . . ' ;· 'I . , . , > ' . . • . .. ' . - . ' : ' . • 

•.. Po},sSium;.··· ¥\lbiat~~.•.i i~ui'~~si~f ,rt"·/ihv~,zMatd,: .. ha;: ye,t 
· ;re;o f?t t;tiv~ ·~ {~d1:8~/ () f 13~ {U/11 '#i~r QXide 1t ~zoOateif, • . 

··· •i·.· ·' ~he/••r~po#til)¥':~8~i~,l .. t)f'.·.•.the,·• ·~.~t,jtlt:ti/or ... t~i· .e~()th~i-Dlic, · 
.. ~ature .. o,f,•f~e···•·.~eaotio;·.•·~j.iJ·en.··ozo~~/•0~}:,~f·~fqi-oti~~s. of·,··. 
··the .-;al~ali .. .mete.ls ·:.ean .... hardly. be -con aid.e)ifl{~:\ :~.s- ·.· aigri~~iQant~ \ . . ?.·:' ,•. , ·:,: :;,:. '.._ : .. ·-<· .· r,'' /•;.: .' .·i>,. :-. __ -_- ·:: .-: ;;_{-tJ\?1\ ,; ) •• > • .. > .. :. : . ·.>< < •· . __ ··._. 
i· s inc~ ,,:-·thQ ·:o~ta_lytie . a ·eco'n1pos itio'n . ·of · ozq:~f~i:.Jn:f oxygen. -ls ·highly . 

ex,o.t11erin1ct .·•·•••Th'~ .. ·.·enthal~y 'i.ehluig~· ·· of •.• ~:~ion·, ·.~o,·· · =< )02.·••' 
is ·given .b~tLewis .. an~i~all~au15 as A u? :t~f+pOo ·.caJ. •.. 

•• / , .i The obsery,ation~ mad~' by Strecker · ~ith1en~1f were 

• .' ttll~\l6~ticin ~blY the same as' t.#oji~ llia&~ . bi"; aiilfno~SkU,. · 
• Nikolskitf · and Abl ~tso;a14 •. · ··• ~;ter rea~i~r the . pa!)~r of . the 

' - ; ;: " , ' : .. ,.. . .. :,ii •: >,; · __ ,:-:~.···;_,;_\•<:·~/i,'::.'i_': ' _f; ' 

latter ~11.P Pi' autjlots, , oJle (H;Ul tt1?l•f;*;p1e • obs&rvau()ns Of 

(t_) 

pietal •~ .. ozonate It' by •·t~e·•.·•mDmoni~·· ..• to' '.give • ·th~,· deep .Orange . . color. 

' ·,:fia~ ithe color •~s}1ot:·4ue .. compretely 1to ,~z~11ization Of .· 

·i· anm!o~a ~s .evide~t: f~oi :~he i~epO~ tha; J ij;' colol' di~ not; . 
aiiapp9af .· urrtii th°~:: anunont·a., .. ~as a.lltloet., c~.mp}Ertelt ; evaporated 

\ ·. ,' ' ,· . ·,, . ' ' ' ' ' ' ' ' ' . ' ,· . .. ,,, ' ,. ·- :•\· 

.The .. fac~t. :tha:t ·they·· did n.ot c>'btain directl:.t the .. colored 

; crys'tais•··.·obtai?d·•···by. Kai~;~ov¼ldl~ .• ,~ikol~ftr> anu···.Abl.etsova . 
. . caruiot be .+tained ' on :thebasis .of hbl£shedi ·•1nrornlat1on,· •··· 

bu.t iihls•dQ;s not elter ith~fa~tthf¼t·til~i were ~pparently · 
• : . . • , f . . ; " , ' " • ' • , ·,. : ' ,,' • , • • ' ' , , , i · :-. -~ ' ;• ' ' ' , , ,' , , • ' • .' • .: , : : ' :, ' , ' \ , .; \ t •· · :' : ,: ; ., , _ J ' ' ' ,' 1 ', , , ·, ' • • :' ' 

:tthJ first_ .. . to ,: bl)serve-" tlle. ~~lubiliti/ ·:of·-i{h,.tJ \·uozO.nat.~•( :'i.11' ·· •'/ ., · 
• • ' ;,.:_ :/ . ' •:. • ' ,, •'.: >. ••. •i•. <:' ,' ,:/ · ; ' . ', : / '. < : ; •:'::i,: .;••i><· ,,/':, ' .. • .,·' , . ·. C + :. ' 
liquid ·ammonia: ,·even. though:·-•they. we~e . :appt:1~ently unaware : <>.1 , 

' ' . . ' . '· ., . -~ , :. , . . . ' : <· . ' - \·:·<;-·::\.!.·:·:,•·. -_' 



this fact;, . Their value e>i' unit.~,:-'. 'for -:the ;,02/G_s0H' ratio agrees 
,, ···· , . . - ; ' 

appi,o;xiniately vilitli . the va.l.Ue Of lt25 ; repioJ:~ed/. by.;, the: Russian ' '' 
authors · · 

Ne~ve;rtnele$s·, . the· wo:rk -oi' •the ' i~tt~f: ihve$tigatora , 

is by 

date. 
i'ar. the mbst' ~o.aipl.ete . 1.o.vei:;tiga.tibuC: o,f ,the, sulfject . tq : . 
The~r.·· kine\i.o ·an~· c~nduoti!i,ty··•·•··'~a~:~:.:(;n_d. .··•parti'cdJ.~t~.y 

. ,1; ,. '. ; , ;t: 

their magn;e'tic c1a,t~, ' couple~ with th,eii::'~:µd~e:sa ln is'ol,atiing ,' 
. · . · .. _ __ :·· .-. _ .··:·;·,,_.··_·: __ :· - . J:.:,>.·;: __ : _ i:'. .. ,. _ '.1 . -_ .. ·!~)i<·,:/\\/::./_;•._·;_ ,-,.i. :I·>:·:·> : _ .·.·: . .. ·, .. 1 

a fairly ptU•e ·prOduct, ' leaves on~ with ··· lA.ttle doubt . that 
. · , ,_.,· ' ~; · ; . ·. • ',; ' • ·• :· . · 1' {/\).',_:' "' • . . . .- . ,, ' ' : 

theirs is the most :read.Uy acceptable 'e1(p1Jhati:-on yet :offered~ 
. . -· . ' . ,. ' . ;. . . ' ·•. ' · ·-,· .. 

Pespfte their ,z-elti.,ctanoe ,to indicate: 1111~i:f .metiods 'ot·SrialYsis 
' ', . ·. . ' ' '.'- ' ·'-. :(. ·. . . ·-_ ' ': ,-:-::· :./.; ·,:,j· ··' ··/ ·. _ .... ,... . ", ,- :·,._ . ,': \ ,· ·. 

and the results'..·of. speoifio . ~hemieal ·teiitl/: if tuiy, on~··1's , 

almost forced 'bl the . pr~~Oh~er~11ce o·; ·thiti.fexp~ri~~ntitl. • · . . 
· -.: · , ' '. ·. .: , ,. ,_,.. . • · -:"i <' ' . ·:_;,.,·:-- ,.,_·, _·, . :1_( ;' '._>\ ' .. ·_; __ ~· ;..-: , -·,_· ~ .- ', ) • 

data : to ; accept their · formula 'for the ,'pottf'.~si.rim ·· ,,ozonate" · 
;_ .· '_·· .:-· - . .- :_ ·:-./ / :i·- -'y; ··, '·\ · ,_ . " 

as bia.ing the most nearly correct formula 'that has bei'en yet 
.· . . ; _ _-,: : _·; •. '...-•' . .: . . . . .. '.'//·-.. ~-,".,'·_.::·· . 

_proposed. 



EXPERDtENTAL • • • . ' i 

Oz·On.e~coJ:i\aird.Ag 'ox,gen was 'suppii.JA}>~}~i di.1'.fe.rent 
· _ -. . ::.: ·-- .. -<}:t.(_:_:?:/:·\/,-:_ •· _-_ ·_._,._ .. . __ :· _ --~_ : ____ .-:, ··_< · _ ._ ·< -.. \}X~·S\fr.i-!(:'?._ ·.< ,· . _. _-.· . . · 

t1l'llQS throµghQUt :::th$'. •inve$tigat10i1 by ti.~,9{·ozonlzers-. 'r.b.e 
' '. .··. ·. ·· . ::.J,c; ,• ' , . . · .·. . ' '))';;(.}5{/i; ' . . . >-::< . . ,···· : 

· lllaObiAe used ~i'.li·ougn91;1.t .. th~ gteat,eJr. p¢lrt.lf>hi ,·ct this atlldy 
. · .· , .•' .· ; ·< . . , · . ' ·: :·· · .. · . : ·. ; ?;,)\{/):\··: ···: . . ' ·.·.·· · .. . •····· 

Ud the ont · uee4 exol11a.l.vely tlu~ugnout.\:~:ha.:ea~ly , phases 

e1; th~wotlt •~,i.~rf p~!~~o~;~.,ri,jji~f1, . 
· taot~re4 . t)y .Oeone' Pioooesses, Inc.,· Phita~e,lphia, r•• · 

Cfa~ne ·1~ Pi'~du~~~,in t.M:s· ma.~~ne· ~; pa~~ii{ ~lr . '' .·, .. · ·, ' ., ; ' .,, \ •· .. · .. · ' .· ' ' . . . ' > •,:y:••i ,, . :< >' ' ·.·• 
, or ox,gen tiU~ougii •·an eleotritSfll ctlschug;J~b•e:tw~enC, ~iecttoa.es 
\ ··· ' , .. : •,,·:, ,/ '\ ...... ·.- ::·· :;·<: ' ' . · , ,: \ ''{:?:\::;;), · .. · ,:· ' ' 
: oon.aisting ·of a: :gr.apbit~•ooatacl glass · t·ub~')e.M a steel. 

' .,, ' . .., .-_,,• ,;c,· / ... . ; ., :·:·, ' . ' . ,-, . ,. . . : ;.- •. ,'):i.i/·.'f:, .· • ' . 

·· : a<iket which .3~.koounct!/ the glass tube ·e:t.~~trode ,conoentri• · 
. '• . . ' ·, . . . ··. ' ' ... . \ .\.;'•-.>- \,,·; :. 

{:0a1ly •. Tne glass tube elec:trode ·1s aeal.~~'>,on both. end$ 
·.• . . ' : . •, ...... ' .. ' .· . ' '.· .. ' ' ' .'· .· . '.. / .· · .. '•. : ' . ' ·. ' . .; ., ' . . ·•·)}i, ,i:,::, . ., ' ' \ : ·• . ·..• . . ' 

and is coated· on . the .inside with graphit$U~P tnat .. ;o.nly the 
' ·· • . ,, ,.. .. .. y:· .. ·:<.' " ' . ·. ··· ·'·<' i . ·• ·• · i",,}::. •i .·. i ~ / • 

:. gla~s· outer surface , comeif .iil oontaQt wi .tft\ :the oxygen •. and can 
•, , ' . . '_'. ·, .. , ._··.' /:_.:,;_ •: '. >' ·_• • ; •, •• ._; :. ' '. .. -: •.· 1 ' . \ ; ' ' '. :: .•, ' • '. ,-J I , , .:·. ' . • , •.-:.-,_·'. . ·~- , . ' ·. •:~.•::::•/\:'i}.') t'.:~~--~ ~:-_ :· . • : . . :_;·::: :::, .. · ':' 
thus .catalyze the tor.01.ation . of ·ozone; '. i'tf .fa· conneqted by 

:. " , , . , .,: •' •,c •-~ . - ; " . - l _ , : . , , . , .~ ·. :,, .,-,~. ~-•~,,t:\.','\i'~ , '., 

meauiJ ' Of a steel; l"()d Oif oie a'.nd to a spftiii'co.ntabt on a ' 
.. · .. •. ·. ' .. · ' ··.. " ' ' . ' .. ' ' ,'' :· ' ; ',f;J\}\:·,/ ' '\' ·,·• 

step-up transforme# w1tb a voltage rat.ip•'•i/primary_·; t* second• 

aty 't~i,J~l)O a.JR\ Wi·~ a mllX~um . seo~a;ilo~ ,i~~i i, . 
approximately 16,ooo, volts~ .. The voltage'0,j_s regulated by 

·•· me~ ot a.vatfa~le v°Ttas; t~AAet~~~;]Ji!,ii~~.P,~~( 
ti 2:~91:1t,,aAO. t,he , voltage. leading .'cto the . Pri'mar.Y Ot;rftb,et m·atn· 

. . ·.· .. ·. ;, ·· . · . .. · ,: .. : .. · .· i .· ··.. , , ·•, ' · ,\.::\f}?:,: .-. . r · .. · . , .· .•• · .. 
. t,a.nstor.mer 1s ·.tndioated on a panel. vol.~~iier •. · The "Ozo.nator~ 

~- \ .> • ·_ •' :• , <.: ' . . . • .;:_ .;I <,: ' • • "_ \i:.'.\:::···::·,.: '.·>:'..! :. -~ •:· > -·.,._,_• .• ' ... ·-'.-_· . ·,,., I .. ·,:'.·_:~:l~\:?,y:).:/({:_.:. :·_ .·-'-' •• .,. • , , •' . ' . 

ls dea~gn.ed fo~ opet-ati~n. on a 115--volti t·oo~oyole A.O •. 
·.. . .. . . .•• . •· . ' / . .. ··.··. . .. ·.·. , . .. . · .. ':)l();(:, ,; ··, .. · >'. 
, oirouit; the .prlmary vol. hage should not/ ~;x.ceed l.20 11olts when. 

' ' . . . \ ;.- ;,.__,; . " : - . . •_' ' ·,' ' 



the machine· is ·. operating Qtl . air .and . shoulti lJ.()~ . . be·:srea..ter .. 
. . . ' . 

than liO volts when the machine is operating :on o;x.ygen.. A 
. . I ·.· • ' , . ·. • , . . <. ,):· . . 

steel ., case,, as ahowli in Fig. I, en.closes the tran~·~ormer 
., . ,· , ' ; ' 

and eleotrod.ea and is maintain~d at ground potenti~l. The 
. _: ''. ,. ·, -.'. . , •· , 

s~eel jacket whittf.2 surrounds the gla~u~ ~leotrode oonoen• 

trioally is cooled by means of a flow ·l)iI~ter through th~ • •" 1•,: C 

EJurround.in,g oooling jacket • . 
Throughout this · entire study, tank· t>i.Ygen (Linde or 

. ' 

Puritan} was used in operating the ''0zonat0rii and i:the . "·'./_::-· ·':' . ' 

the "Ozonatorn was maintained at 8 poun~f J>er sq,/\ 1.,i ~, . as 
,. . - i : , . > , , , . , -,• ' •, , , : C _..:~•: : C •, • 

indicated by a pressure gauge on the part;l. board, .. :by -means . 
' . . . . ; . .· ' •;, , •• . , -- ;- . :1·: 

of a reducing val'ile on the oxygen CJlindef • .. (8 pbunda l)e'r 
:};/~·\)<<:i.::/.:-:;•W.t~-- ·· · · · ..:.i1\tlfJf\i•:~>::~•ttft , 

sq. in. is • the pressure recommended by the .manuf'a9turer 
; . ,;·. . ' .. . . . ' · ; .,.-.-·: ;"' .• :, ; . 

/, "\, ,•.:· .. ·.:-/ :· .. 
as optimum,) A . safety pressure switch ·: in J:terfes with the 

' ' ,·, .. . . ·,·,_.-, . . . ' 

primary circuit of the .TtOzotta torrt ·::opens .th~ circUi. t v1hen .. 
the pressure inside :th.e ma~hifte i~s blI~~·,1PO~~: per 
sq. in, 

The flow of ozone•containing 0%yge.rfwas controlled 
:,,. · . 

entirely by me ans of the ozone outle:t vil~e; the o~,vgen ·, 
·. . . . ·.·:<_;-{:::'" . 

inlet valve ~as left oompletei.Y open thrbughout. al~. 
·/(' ... .. ,. 

ozonizations~.. A .r'otameter, calibrated at · the optimum 
pressure of 8 pounds per · square · inoh, ·· has been plae~d on. the 

panel board for the purpose · of reading tlow rate directly • 
. , ,.• 

This rotameter, however, viaa . aalibrated 1n· ou_ •.. tt. per 
minute and . was too insensitive .for use· s.'b :eiper:1.ments 'that 
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require _preoiae, tnowlEld.ge o:r flt>w rate~ j[io~ th~a reason.,, 
the tl<hv ,,rate , was deter~ine~t by means :o:t}'.i~r·t1qutd•filled , .. 
ga~ JlO-.e tet'· fil.led wi.th a li gb.ti weight'.:~1-ner~l. -ci1, ~cl 

· ·· -. · , · .\,'r tt./ ···, .. · ·•.• . -: .· " ·- · .: .';•.'_ .. . •, ,: ·.·-:-· _ _, ;_.:• ... " " -. · 

calibrated: aga£n~t . a "Wet Teat Meter" (marittfa«:rtlired by 
. . ... .-.. . . · ., . -~- ' :- . '~ ·. ' •. , .,.,~":':·"-:•::: :;···, ' ' ' . '. 

Precision. Soientltio Co~.> wnioh was ·:pl.Jd~a) ~t the extreme 
end _ o; the :ozon~ .deatroting : t;ain (Fi;~.}i±f)~. Jii1oh ·w111 . 

' • .· : . -': ·'.: -·, -·. -:••: : . .· . . .• • ! . . ·: : . . . .. ' . 
' ' 

be. described. la·tei'r. 
'.' ' ' · . . . · .. --,. . 

moisture c.ontent, ' it ls i,.e~ea:Jary to us~}o:xygen' whiob: is 

as o omple tel3 •· IU\~tlr~\18 .• as • poa~ible, ' ~iW~Jtlgh ;;,.,.('3 Uttl\l 
mo~ature shouldi 6~ preae~ t iii taillt oxyi~;}rigitilf •· · ., · 
anhyarous ~ait1011e wer\l ~s~ured ~Y Hl ~}ss~.ng the 
ot9gen through ~- pur1ticati.oh : artd. dr;i~~\/~:~at.n 'nsist~ng 

. . ' ' : . . .• .. .- •,:.:· :.-. ,,·•·· . .· . . _: .. - ·- : .. ;· -.. .. } . -;,y,. ;• :.- ·:. :. ··.___ _ ,, ·: ;· -·.:.. . . _. ' 

of two towers. ot ' anttYdi'OllS Qaloi~ ohtofl#f an(/.i>ne to~et. ·. 
ot; anhyd;·ous .-.ma~:s1um: '~e r~n lorate: ' a11,'.-'.\;b~1ers; \~~in~:' about ' 
',o ;m. in he1~i .. (Fi~~ . nl~ . Traces Of·· ~'ll;ogJ}iin the '· 
' :. ; ' ' ,'' ' .·· .· .. · .. ',· ' ' . ' '.·· i< ' : ' ' ·.· , >;-);: ... · •. \ iLii,tf:/;i,'• \•tik 

o:xygen<:<(lo /nbt . a,pparentl-.v. hinder ,the . fQ.tm:at~on . ofi'.oloii'e ·e.tli ·. 

no attempl to ~~Ve the Jl1t~Og$n wa,lm11W.i1 )lO~vu~ ,t~ee• 
of iron{ II) ni ti~ te and , it~n ( III) ~itra~;;::'.:'.~1on~.\11e steel ' ' '', ' ' . ' ' :,:: ;, ' . :· ' ' •.. ,,·' ' '' '.··.' • . .· ·. :·:f;'//f:::;, ' >' · .. ·· .·.. ' 
walls of the ~Ozon$tOr" gav~ testimony,_ t~.:r~he fact that..' · 

. - . . ; . / ·. , .. . : -. . . . .. :· -_· - : - ;-. . , - , .. ·· _, ... ·· ·_,_::.)j l::f:°}'://>~.:.::~- ; ·.: );::·~ . . . 
nitrogen was o:rla,ized during the prQduofil;::t$,n. of ,~o.ne, It th~ 

' ' .. ,. ,. ' . ·.· . ' ::>:(-_; . .. ,•• . . /> '. · , ' ··-:\'-'(,: '. ' if/' . ' ' ' 
glass ~ube insidethe .- "Ozone.tor" is f1¥sf,expo,sed·to ··. 

1nanft$~i~lltl/i;1eii air or ~;€:en a11a\i!f oi,J~ii1)$<Miith 
' d,:y a:xy~en; j.t 'take~ ;6 to .l+S :hb~rs fo·:1::l~e .. no~onator" t~ ' 
' ' ' ·• ' ·. , .•. ·.·.. '' ·. .. ... · . . · • .. •.'' ' ' ' .· . ' , '' .·:-:2?.:( ... ··,<. / ' 
reach equilibrium. conditions and .maximµril,)putput. 

' -. • ' • • ' > • • ' ' .. • '"· • • :, , ~; ,_ ,,.,,_: _ ~ . ' ., , _.' .. . ' , 
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Ozone Ooncentratioll 

,41?.tie production of ozone -1'.rom ~yge.ff '~s -aff~cted ·b·y 
·-·:•,, ·::" ·· _\-i,-:·:,_·: : t i ', _____ ; . · _· _ _ ·:. _ i - .---. · ·---~::i:,_:.;_:/\\: _--· .-:-_-_-::.;r .. ,.d'f?:;i '~-'- 1,_ \_-:: ,. _ , 

InaAY f!t.qt<>rs,'•,; the more -outstanding ot ·~nem.. be'iag>(;a),,1;:mois~ _ .. -· 
'ture . cont'ent· (b} "frequency ' Of e1ectr1~al ii ts.ch~~~~- t~l 

. -_. -_____ - -- . : <'{ < _ --_ -.. , ,; · :C.\hf::, ':.>: )!f c< ) 
voltage (ti) typt ot glasfs used. in oon~tnto·~ag the ozoni'itfJr•· 

~Qd (e) teJBPe~.~; e·. In 1tddi t10Jl, the '49e114t1011 ;et 
'ozone in a ~~t~re G~ oiygeA· ~¢:·ii¢ih~-is afte~~ed 

- _ __ . _ _ ' .- .. - ' . •; . -_ ____ · .- ·_,):f/f'\S,:· ' . . J:,·\, i · . 

by the flow re.t:e of the oxygen .• · _The e-ff:ijijb_/ ot m.oistu!'e 
: i _ , . . • : :_ · _ · · _.,. . .. , . ·.r ,· . · • -'_.~· , , · ·(' :f · i· -· .. :··:·i::~ .. :\/))J!}){_}.·_'.>_~·;; ; .. )\\ :- .. ·, .. , . •:/,-

QO n te:n t has alr_eady been diseuaaed, anct·.;me type of glass 
-_ . . . -· . . '. ' ' •· • ' ;- ' '. •· . . ' . , -_-.- ... ' . I . , , ••. ' -tT:':(FU: ' . ' . ' : ' ' ' : . ' 

and tb.e frequency · ot electrical <iis4hargi;' ar~· c§nste.nt 
. ._ . '.: .. _ . i _: . . -. ... :,;: , .-. ·.- _- . : •. . . ·-__ ·: . · ._ · · . , --_. ::.~-:i(.-f;::;:t~;·r/ : ·· .. _'.'/;.:··-· 
tactora deter.mined by :the .oonstructio.a ,Qf,·.the apparatus 

. . . . . . ·. . . . . . ' . . . ' ;\,!,·,,,,, -', '' << ..•.. ·_ 
and the source of _ A-,C• ourli~ntil · -If tk~}~tiitfig,e·'." re~ina 

.·-. • . < '· .. _ ... _ . . _,_· ' \ , ' '' .· -, \ ·_ • ··:·tJj· . ·' ' ! .. ' ' . 
<,onstant• · the temperature and flow rate ·are. t'aotors wb.ich 

can be varied durin~ the operation or ~fi;•{·,ozo~itof" .• in 
. . . ... ' . ·. '••. · . -..-~·1?\\·11{:(._,_. ·,. :•· .. 

order to e1ther 1noreaae or deereaae th:~·,i?e.rcenJage ozoh.e 
output. 

-The reaction 302 = 20:a 1$ an endoitheriilio ·- <>ne; hence, 
, . , . :~i\:·?\-.\ . . : .r • .. >i::~./~ .. , ·, _·;:_ -: ~·-:·'.~: _:" ·.' .. . 

it is ta11ored by high temperatures. ror.;-tllis reasont .iii -· 
.. :' !/• !'Y}/?~: ':'"· . ·. ,,;.-; , . .. 

sb.ould he -possible to pl'Oduoe ozQne frb~': 6-iygen ''me:r~lt:''by 
heati.ag the· o;ygen· to a very hi~ t~.P~i:t~re~1:-{\1o·~e.J;~ the 

• , • . , · ·, .• ,· ·,· ' L ._, ·; ~' •• , ; •' • f I • , : /' 

deco.rnposi ti on iot ·ozone ia mu.oh slower at low temperatures,· 
' ., : ' . :.';,=,:-r,;;- . ~,;_. 

and fo_r . ihia i'e~son, ozone p.rod,tot1oa bj}', tR~ e'i;i~j.~,~~-
. ~n~\1}~;~(;:)}N'~[,'!(?'.Mr ' ' . ' . ' . .. ··<; :'\\ :._.·;-:; :' ·:··'' ' . t ii;'.~P~if-~/)'('.~_i,:,:~:1n~.: 

disoharge method ls favored b9 -low temperature$'; . the e.nel'gy 
• ' ' ' . ' .· , ,' ' . . !· .. ·,· •• ,:\<;,'_:',·'·, .. ·, 1.• ·,•. 



coOl!.ti.g jacket which surrtlU.nda the outer'./{st~~l)) . eleot~od.e. 
:eold _.Water ·1s. pissf.d tllte·u~h . tllis ja~~e~f~tirln;{thef - .. . 
operation·. of: the macbi.ne and the ' concen~;~~1o.n of zone ':le 
a, tW1~,1i>ll' t,f •. ~M ~~mP~rat,11:a .l>t 1:1)1s Oci~~~jj'il Jf 01:i '~~® u~ ·· ~~..,~~! ,f .~~r ~,9f t~~J} ;~~; ~re poasil)~ ;tfa1; 1*~i · . · 
cooling•.wa.ter .. ; .. tempefat.u.res+,:.-• 

-·~h,~,-ozon;};~i,~~11triiit~;:.ls·_ a:Leo:·:a}fµti()tionl/&'f · t~e" tlow 
· .·i . · . · . ·::< .,,,-. ·.: ·.,_·_ -···-_:• !:.-·-__ -·~:-.:_:_· .. . ;.. -·· ·-.: ·. ., . - · -· -: , .. • . __ . ·:'_-:i ·-:_:;··_·_::,::_r;·(.}?rt:i--_·_ · .,j')~~\\ .. _..,. -. -:-·:_ 
·.ra~~ · (qf~ . gt~ph) .,r:'A.t: veiy_, #igµ/ flOW· raJ~~f· tnelJe'~al. 

-·• __ .. ,. ;._. ~ti\~t}}:)i)\Pil:t~~~i:tit -· · ·_ :>:<~_\. ·.::-,- . __ --',) (_ ;: __ ;·.•-•_: _:~ f _. _ : · ~./ ·_,::.\· _ ·:_:· _ :._, __ ':·: _ _.. _ .. :•· ·:-·. __ :;_.,/ft}f.:-:- ~-_\;_'.:'i .:/: :·_ · ~~g~~\~~i~\~\:.:.~11rt{~i:· .; 
· o~one -'ou.tpµ:t ;, J/~ ,:g~eatet- · aue: ::t~, the . grea t ·~'.ti/: :tQ ta.l · vo1:wne · <ti 

;;~,;t;:t1{!~iti~1liii0:~~:,i~tif itJ.~i;:;e 
, cl.ec.reaaet:t, , ... At :ve;J:,:.+ow1flow.}r.atEas lless,i)ittia1J.. 3··11.ters -· · 
. _· ... ·.' . . ,, . : _.· .':<\:{;,; ,_;; ' .:-·,.,1·,,: ' : > . . '.' '.1>'f;i()'i;'.\ '.'..'' '././ • ... ·. 
i pet-: .houx-) ,.! the ,ccinceA~ra;t::lon,\o:t . ~ .one Wa$\C::f~und to decrease, 
ra~141;: ·. ~bi;:::1~;;J!i~ii';}; /~::~;: to de~·$~1~~1ti;~ ot. tlle ··. 

·• _·.·._. :' ., .. · ;,'· :, . __ · . / \ .·• ·_ : :· ' , ·•> . . . · .• ;' .. ·. . : ·;:;,}):;i:'.c> .. '\;. : .. -. . <. _· . '. 
. OZb!H~• between the· time . t>f\ t6rmatio:r( ,ru,d·/)fb_e' . tim.e -· Of reactf on 

-w~th th~:piith;~1wu·i~~ide ~:.:~~;~<.1~ -th: .j~iysls)\> It ,1s not .. 
· _ .. · · , ; ': ?,. · , i 1: · , . -. . ·. .iU~\f,;< , . . _. __ . _ - _- . . . 

i.neo.nceivable :th~.t : the: .. ntab.ner ·in whi.on ::.:tb,e · concentration 
. _' ' ' ' ',· ' . '. . . . _' ,; ._ .,.--- - . ' -, .. ·.-.-.' _-,. , . . .. ; ; . ;_· _ .. ; .: ' ' . . . . .~- .-, ·).'; ::' ,-.; ,-.:, . ", ' . 

varies ' with: tlo\l; . . rate ; may •. be ; aohie :tunriti.'tliii of .the time Of 
, - · . ---•.·-·_ '•·· · .: ·· · · ·<' ,•'/ ' .. ••·-. · .. --.--. . .·,n<c,,,i: ' r .· • _ _ , · . · 

'.. electrical discharge, · i Je.:.., so.m.e<funotip'i(:ot the. 'trequeiios . 
' ·- _. .- _y · • . ' • . .- • • . • • , :. ' .. ·-. ·. . , . 

or --:diaoh.atsJ~ 
' :,:- . ,.- ' 

, The. ooncehtra tion 6f ,the ozo(Ie~OoJit~);nfog,'~;i gCn is 
.'·measured 'llY · ;assi,ng the .mi~-ture ·oi,;~as~;:(I~tc, :,, J:\a11~~~ , ' . <,:, -· .. ··- ,(•. •.-· :. --.- ·,: ',-·. . · .. · , , .· ''··:\ :)_;;'·::· ,-, ... :{\··,. ' . 
. so;Lutio.ti. ot . POtflSSiwn :iod.ideti acidify1'li~;'. t~ deijosnpoae 18llY . 

: iodates 6~ peri~d~tea formed. d•~i-ng• oz~:I;;t10Jt>and: 
. titrating :; the li~e~~~~d· ·1od.i~e . with -a.•rs:~ '1i1$ble . r~-aucins .. , . . ,' , . , ' . ' ·' . . . ., ' . 



:;:3. 
In this\:,st·ud.V, the mixture of' ozone and ~x9gen. ),Waa1:·"leli . ·. 
ill to a i~ SO~U ti.on .. Of p~tilss ium iodide ;(i.~4it ti f}ree): . fi)tQ 

. soiuti~n aeidii'l•ed with. cold. ·dllute:·,nydt~t~iil.i,'.tt ~;:~r ':, 
, ,'·_. :.,. .,_:. ,iy~·/\.: .. :·-· · ._ -_ · .. ·: ; . _;· . . ::.- _:_·::·:-:/·{~/\};.)\:.:/-~h .. ·· /i:/:,_i):_ .-- ,:·_·· .. :~ _ _ :_: 

.· $Ulfur1o acid ,beifore . titra:ting~ :an.d the \i~ :bex-ated iot1l.ne ·, 
·_ . . . :fr;;\-T,_f::·\'. .?:::-;?,;-:/{. ; · ·.\ __ ;_-,·< _ . · .. - : _ . ·_•_ , -.... __ : . _ . : ··: ~, ·-:;:·_:_-:-:):·/\/d:\\'.--:' _ _ _·\ .~:-t(:;/;/.:i:_,.~0.:.\1{.x::•ii~ · 

tt trat.ea .,vl.•th . a<~tanda1'iizeo. ··solu.ti. on>,o::£;:/?'.1:'l.bdiwnr\thio~'.;, 
. --~ ·'\:··>., ' . .. ·· · ' .· _ · ::_:~(~f;;:i,'.}ff,,/,,·_· .~ .'._··,·: ' _1 _> ·.·,.• •.• :. 

s~lfe.te, 't'isi.ng . starch solution · as all' ,in.df~i:,k~ciri/ ; The total. 
. . . . . . ·. . ·. ,, . ._· ,;::;i,.\~_:- ': ' .-- ' ·_; . : . . . . . . ' :· ·_i··\'tt~~:ii\t/{\'-. ,:• ' ;,\:/: ' ' --.. : _ .. _ .:\/.. .'· 
volume 01' gaa 'Wtts '4~termined ',b,Y means ,0,;'d\th~ "Wet • Wes't 
· : -. ·_ . _· .. ____ '. :- ·:>:(·=-_:-/ -~·:: . --· -·: d' -' _ , .... _- -_ :· .. :- : •. -.~ ::.· _-/ __ · _.'.~ :·_,·._·\¼)/'.f;r(f{)\/i::.-. -:-/: ._·. _-__ .::·.-._·_ . , __ 1;: _ _ , __ ,, : -: 

, Mete.r" placed · at \'the end' .or.· th~ J:>zorilz·a,~~/~ ?'t~ai,h' , and :the' 
', . . .. ' . '._::>__,_,:_,· :.· .. ,,->•_,_:.:·· ·: . .. _ . .. _. . . :··_ .. .- ~--. ·.·. __ ,_·:'..-.• :',\\i;{/;~·--::'..1::1:):-·:· · .. :\i<_;' ,' .·· . ·>.:: 

: total weight det"rl,Iliued . from .this vt>l~~;!f~A4 ,, th~ kn<>.wn . · 
• . ' •. l . ' ; · .-. •• _ .• ' :;'\\~}~Nf{;\;)''-:·:-···· . ·~_:/~-, .. '.. ' 

::values . ;of te.tnpere;tu~eand,. at.ruosph~r\.e 1/ '''µ.r$.>:. .. Tha·, vessel 
. .• . . . ·. . . : ' // . ·. •· ·•··. ' .· •. · ' ·. . . .··: ··.··· · .. . ,ij ·.·,· ft . ,,;,;. · . .. < 
· oontai.nillg tne ,. ipi>'tasa1um .. iodide ... aolut16#{{,W~$. kept at · o~·-· 

. : . . . . .• . :: •. . . ··•· • ·. . .. ·. . , . . . . ;<WJ(':(·> ,• ::.,,r . ··. . . . . . •·· ·•. . 
i.n ... o.ra.e 3' to .4l.l)linie.b.¥: or. : eliminate •oompl,i~~~ely ·:.it' poani ble, 

, tile· J.ose •of . trl; iO~itie • .. by·. vapOiiaatii>n'ii;~iii~~ f ~e ~phi 
· ·pressure· Qf ... J.odin.e .ta:, .onlg . o~.0299 · at ,• t11fi;\i~Pek;·tu;~~l.7 ,,, 

. ' . . . . . . ' ·, . ' '· .-: ' . . ;··· <··:< '.;-l_-{,;'.·).,-' '":,; .... : ~· •': . . . • : ... ·. :' :. 
: ; ::,·;··, .' . '·>" 

the · ,J.os~ of iod~ne · by evaporation 'iij .no\Kg,,;-eat.O::·parttod.-. : 
. . '• - . '. ' </r;:-,•::;:~··r:·;.i!'."·'. ' . . ; 

J.arly it an excess of iodJde ' ion ls preiieht' to · .f··•.·.· •. •· .. '.•b.·. fir t. b .. e I~-
:_:_ ::) /:; ,._, j,J 

eompla~ ion. 
The number ot . eqtdvalents . of .; iodin(i ] .a . detehhfn.ed/ 

- :·•:·;/)\.\·· :. . . , .r'/'~,; ; . : , t:-· · 

from .the titration by the sodiwathiosuitate 'sdtuit£ori; 
. ,' . . . ' , .. , __ . ,. . ' ·.,•, . . •.. . . ' . 
.. . . ' . . .. . 

· aooordfiis ... t<> •, the equation: 
:f:•~·;,C··,·~y~:~:_::·; !{'!:_~!:;•:\:~~·:, =• 

: I2 ·+ . 2S2,03- . · - 8406 + .·•2I""'.,, 

' T.htlS, ' th~ volume .Qf J1oc.H.um' thlos~ite.te'':J;~iutioii<hsed,t . 
: ·. ' . ··. . . . .· ' .· · .. j : . . . . . . ·, . . . . ,,,.:.,x, ' ·:· '< . 

multiplied . by normfll.iljy . and ·· divla.e'a. \ij~J, 500,·'igi11es· :'the. · 

nwnber ·bf mol.es ot ·· JJ.ber~t~d iodine. a[k~~···\;he;-IJ;dirt~ ls . 
,· ·.•· --< ' ' '. :-. .-,_,·,, .:; .\:j •,· ' · . 

. , rormed aoeol'ding'.; lo . tne equat1oh . 
. H2,0 '~;{ 2KI •·,+i ··03 -·~ , 2KOR 



the . a.umber· or .tnb.tes :or iotl.fne1s also< tb'.~-.nwn.b~if.'Qf ·moles 
. i . . . ' . . . ' . ·, . . ; ,' -~ / . ' . . ·•· .. .-._ . . 

', V', ', • •:· , '. :; ' •, .• ,: • 

ot ozone US$d • to pro4ute .t1r, and mu.J,.tiipii~tio•.ti\ by .tll.e 
'.• ( . ; ' . :: .. . ·.. : ' :· / -,; ; ·: . : .,: <·· < ; :( ,::. ·< . j:]iy, ·.· .•• . . . . ·. 

111ole,e~;al" ·•y,ei@t\of .. ,:ozone ... (1t,tt) ... .. s11eff '. ~he• numb~t+.\iof . ga-anui o.t 
·~oili•}.!he . f ~a.l. welght·•·o£ t~•e,1.~tut8 'i! ~on; aa~ .~;gall 

f,),eiiifi~rii(edu~i~~,~~\if s~. otli}ien ~~aa~,d •· .·. • ..... 
.. bY: the ,,,,e~ .Weat Me~e~"- .\~ t1tanaati , con<Utlons :.tt .temperature .. <·-L' /:,: , .. .. ·.:,.··:::.-.,•:l' •;'•: \· '·.:".:1_·~:· .. , ·:. ,:•.•,>)'·:/:~- -- _. f ~-\~ -;- ·<:: •' ,_; '\ \ ,_:: • ' .,I , __ . ::~·,;,,:,;-,\'.;'. ''·>f~,_:·-:: · . . .,-· .. ._:,• .. i; ,: '· . .::· . 

and pressure, dividing by . the. gram. ,mol.e<iul.ar . ~oln.me·• multi• 
':';111~~:··~;.: ~h~· :;6l.e6~~r,·W~:ight.·.· o~ ·· OX;ge,#\i:'£,ii·'·•··J'~ ·.~dding 

.._. ,?·.:,i,:':-_-< .. . _.<· , <: __ \>._-_:;r · • ,.: .. : :-:' r::'.:'::i ·i.·-:;:!'.·\: ;1:<;. -~·;)Y'.·'.':f,-::·.·. (:- 1·_:·'<'.<:'•'/_\·,_:;,;_·.,) ,·,::,__ ·.::-~.'\:;:~:~·.:J~./~(::.I_·<.:::,,. . _: .. ·)\\: .. > :: :_: . .:· , , , ' 
one 'thir4. ,the ' ,weight· of _the . measured .. 0zone:f '.', Fran the WE;fght . 

>: :. C,' .//!·;·• .. . · .. . ··>:,:•••·· '," ::::-.< '.i .... . ,• ._:,_,_i/'· .. · ,,,_:,:.:i\/J-h·.:, - <·.-,0'' \ _i' . •· · .. · . ... : 
of pzone _and the ;:tote.I. ~e1gb~, one. ~n ,-~~a.111 Aetemine 

·.1:"-:'.; __ ::• , ... \ _('.:,_ : :·:: :·•i<··.,.·::.::·~•, -.~ , :;(:/:<./:<·:,-··'./! '..: I/ '. ''):,•;{'.,:~;( _·.:.:,,'··_;:'.: '.-:::\ './' ·'.·~-,· '::,i·•:_,}~?•-~/-t\}:t\/·_· ;.:--,· .. _····,,.·::y/./-" ,'-•/· '.;° - ' 

the .weight :peroant 9t t)toneJ •. n the gaseotis ._ . .tnixture • . 
''· '](,, :.:, ·,, .> ,,)· .: .,. ·" ,1.\>', '/r :rr:':::{·t · ',· .\/ ' .. 

In detarmf.n+nt. the_ <ioncentration· ofi:\~lle oz_o.ua ou~pµt 
'. .· .. ;- .. --.- _ \.:/<:-/~'.- :/.· ··.-, ... _. :/·'· -,_;_ .. ~/;:>.:/:t•. :t;~-- :_~- ).·_·._/Y/~i;::_{/ /'\:_1\·::·\\::·-_.· ·•- t ::_ -/:': -. ·,_:: :i-'· - - .,' t ~--· ,.·:,.··; -_:: ·-·::\{~'t;: _1:·:-!·: __ ·._: ·,:,:·-.~ .- _).: . .. :: '.t\·\ . . ,_;_~- _, -•-; .. ~---'-· -- · .. : . 

by . the T-12 · nozonator',"\ o.ne :m.ust bear 111.::' m.tna. that the.,ozone 
',r,::: •'' :.,:, ••·:c ,· •.•·t, . ) \ \. ):_ ' .. . :) ,:, : ' .,·,, '\'," i' ·: •.,< ' . ''}/\' :' .· ... : ·/,/. ·, . . .' , . 
JJOnoent:ratf.on ln<>.reaaes _W:1 tb,_; :ti.tu• Wlt!l/'fi~ : equil+br.-iµni_ 

·condition. is reached, .. ·It the. apparatt1$ '., lla1r been oompl.etel.v 
. . . ·'. . . '• ' •' . ! ._ ., ,;, '.,;;,, · ,.,' . :·, .''; ' •·· : . • . . , .; ·; ; , ' •:• · .. ,· . • . _,,- _.__ ) .. ·.• : , • J·, ·. ·'. . '. -~ ;:/, ,;, l , , , _··'.. • , :· .: -•-·. -··, ... . , ( )' .. · . . .- ' • 

r/ ·· ,1 - . ::-.-"'. ···•-:·',::.• ·': "~\;.-,::(:i·<"",;_ : •,:· .. .-·~-. .c· .'. _ .''.\.'i -~:·::: •, '·/J;\·':} ·-'·: . . ' •: .. _.)·::·:·,_/:\>,_·· ..... .- _· ,.-_::- .. ; , · ,· · 'dr~ea.• the, tun, required fo,r -egu.1Jibr1Utll i to .be .e.stablishect 
· .. •·\_:. --- .. :, · ... t::'<//}/._.<}:>'.> . .:-.·_:1/:> :. _ .. : ·· t·: ... /- .( :t:\\t :_:T . _ ·:i:: _, ·· _ . -~; ./·:>·_< ·· ·r::-:):·;•it>,::\·-:··~:'. . . :·- .. ·:·,_. _, -... :-_, -- .. -.. ·_ · .. · __ · 

i.a Olll1 about·• 9 ·.:l!Otl.~Sf t,µ~·-ir :the"Ozon8r.~~,r". has pee_n. ·expOSf!td 
L._,.: . . ·_.: ·-~. :\ ,:·:(:-: . . _· ·\._·---).:_: .. :~;}<:(\:·::~·\:· .... ;}..--r>/::·:/-\:. j-_.:- _~> '.·· ::, ._·/ --, .. _,~:; _.t:(:< :·i 1_ . .• ; _ \:}'.-~t}/\,;·.:-:;,-.··.:_, .. . -~ ·.,,.;;--_:.·: ·;. -. •. -:;: ·.•} .. - : ·_:·•: ·:· . . 

to inau.1't1Qie.n.tl;v d:rie\1 ai,r_ .o.r oxygen, Eta, ·~;ateQ. previouelt, 
. tie tinle.· :r~<i:i.~i:to.r • -••eq~lrlJ.Qr~tful :{;;~:·;~;~atf~a. ,to ··. b~ 
\:.::-··.: /~ __ ?..": ,;;}'.:' ? -i· ,:·.?_;>_,•: ·:i._\ ·:_:_/h :: :>-:_.,:_ ;_.-:::":•... ·_._:·=t:•i.t ·.-· ··_.:_;, , __ ·:,\'. _: ·,:-.__--.. · - _'.:·, : - -~: t:->_:·?;(/)){-.•:·r•,,_;:"~ :;;-·-.:_- ;::\?:_<:"> -.•· :.·:· _. ,_ .. .-

. r,aenea: $~Y . be as long . as ... ,36-4~ ... n~urs. ;:Qoncentfa,10• ::~;;?~a,~en~:~~ .·be ,mad;~;i~·•~e .. ;,f;e ·.of,;~ ~aot~oa, . 
;'~ithotit 4J:s,tur,~ing ' the reaotlon itSl~ltf, bi:-use :9( . a _nbieed.er 

,: .-· •\ ."_·(·> :••.:,.· , . · ')<· 1 ·:'., .. -. · :· 1 : · ._ ·: :', -!" . ' , . ; -- -- .,/:?l,:::.>·'.::· .· _: ·--.i~: .r:•.- 1,, · c' 

Wh.e.n' .. ~J-;::ia·· .•.. the · .... aouroe·.· or _ ox.ygen, 'tiie exitOsases·· :trt'm 
the '·ozou~e~· irl\,~1·; · 10~;·P~~:e~t~g~~ 6:? ozon~'• thaa when ·. ,, , .. __ .\ . i'., 'r~r--~- .' .. . ~-. -~_ -., _;· . , . · =:; -·-.- ~--i .. ,;_, •_;.-,~:·i:.- ·:- .. , ... ;,_~-;:.)\. ,. __ ,. :;:,.-.\:1 .,, 

· the· pure · ~xygen i~ u~edi . The gases al.$o;y;:~911tai.tt ~m~.11 . 
.. <<,··i':: .. _·-·,~-:._;_;_. _•<·J:·_ 1>· ;;_-_ : ._-:·::::.· :-·'.~ '.· . . ,· .. \~:r;:•; ···>·>·_.1:. ·;·:· ··:.•:' .. :_ .... -.'. ;:;-_, __ i_-: _:'··>.:_}7:/Y/:/ .. :_.,._-, :i:_ .. ·:: .. ·· ._:< :-~_· ,:• ... ·._; .. · . . 

eniounts· or nitric anhydride or ni troge:n _; ,p,~!1~~:xi,d,e• dependi.ng 
, • , , . • • _, " • .. "'-' ·' ,_._,. , •.• , : --,. · ·-" .,, , .. _, • .._. . I 



o.n the: volt:age used, , ·.A decrease in the rate of/V.floW' ' i.rioraases 
·,,,.,~:~:-\=:., ... .. · ·,, ' :) ~ >1~;;.\ •;:• :.:-·: --: ... r.->~·1 

the amount of nitrogen: 1entox1de,· ·but .. suQhamoun'ts ·are' rel- . 
' .·· . · · ,-;I: " . _- ' • 

.. a.tiV:ely lOVJ a.nd need be oo.nside,red .only~~-en· examining ·a 
, '' ,, 

· reaoti9n mixture for .smail amounts. Of' . by-.;roa.u~ta, .,o·r · whell the 

. presence Of · au.ch o:xides 'cause$ a cataiytid, effeCt 01'1 the . 
. ' . . ' ·'. . •'• ' ,' . ' ' '-,~--... :. ~\,;., ·•< : ' · .. · ; ' . 

~:xidation ·or th~ compounds in the ; l"eaott:aiiT; 
. .. . .. · . .. •_ .• . . _ .. · . · ,_ . . :· . · < .- ·. :,_Y\ '\ 

Ozone · eoncentra tion de.ter.minati ol'is j ;ij ' the 'Til2•::,iozona tor" : 
used in this wor1C.. were :first mad~ :in ;rJi:• 194716 ·at a. . 

'\l'oltage o:f; 110 volts, the maximum. speciti~d ·i'or :.the :use Of 
. . . , - . . ·- -- r·, -·•·· . , ., . 

· oxygen, ... and with varying rates'· oi' flow. ': ;fhe pressure was , maih• 

tained eonstant at . 8 pounds per square , iii'~ and the temperatur~ .. 
. _.,' . ,. _.. ,.. . . ' 

of the cooling water remained about 15°c;, _, The ozp!.1.e oonoen-
.. · . .- :,..;·:·,1·.' 

trations were as , indicated by the_grapb.,)·· Ozone: ·t,oncentratlo.ns 

de tar.mined ~n May, 1949 at lower flow ra:i;s .we~~ . much lower 

(cf. graph). 

In ::Yadd.ition,. a considerable. amount ot m.oist#.e vt~·s follnd 
- . . . 

to be oo.m.i.ng from the "0zonatQr''·. 'l'his .. was det~r~n~d by 
.Passing:~:•~~~-·;~ne-oontaining '1:/.ygen th3;ougb. t\nh'.;;~;;·~:~;\ ~YI¥ tel· 

' ' . ;1: , d , . ,. ' 

copper(II) sulfate and noting the .change in color .to/ the 
. . ··,. ; 

hydrated · ( blue}.· sulfate. · J:>.assage· ot .. the t>zone-~ontaining oxygen' 

t,hrough • a trap immersed in. a ba.th of acet6ri.e and :solid carbon > 
, ··!•.: .- : _,'. , , . ' . 

dioxide resulted. in ·a consic;lerable amount of wat~r in the 

bottom of the trap after several houra operatiol1 of :the .. "Ozonat-

orn. Since the presence of large amounts of moisture was ·very 
' -· -:~, '.,L . 

undesirable in this study, this trap was':used for :r.emoving the 
. . . 

water from· the .mixture of ozone and oxygen during ozonization 
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reactions. However, the low concentratlo.n of' ()zone · produced 
' \··i· 

by the T•l2 .· even at optimum fiow ratt:s '-~~s-) un-· 

<lesirable, and the latter portions .o t thi; atuJi. wJte·>c,:duoted: 
' : ' •, • . ' . . -· .· ; ·' ' " i <<"- ,,; . , ... ;; :·,,_.., · :,:, __ ·. ·-: .• :- : ·;',:: , .. : .. : ;·.-., 

' f --.- , 

with the aid. or a .laboratory • ozorifzer .wn} ·oh ' prod.1.1cecl c,~n~ 
. ' , . . ' . 

concentrations ()f .·•7 to . 8 percent. 
~- , 

Laborator:r Ozo.riizer 
The labor~ie>ry ozonizer used durini :Xi~ne letttef · pb..as'es. . 

·_·_ . :~-- - _ -- / _, .. -. -- ·_._ ·__ -----:-:Yl:}\:\\_;:.-\t·.. ··:-::·. __ ).: , • ;> _:·\ _-:.: \-: ·_ : 

of this work: was a small, oompaot ozon.izij:t-, con.s.tructed for 
· -, _ . _ ·-_ · ·_ . > ·: ·/}N·.'.:\}~---/ :··:._ _ );_:_i-:< .:>.':",_:> _'.· . .. ..._ · _:· 

the · purpose of producing a . large ooncenti;,:a~ton ot .<>zo.ne and 
•' :· . .,.;-.,,:·t,_·;..',;-'·· . . . . , · . - · 

designed so as to take ~p very ll ttle s1~~e sirioe it was to . 
~/ 'i/'( ·.· ' • ' . . . 1: ' , . ·;·, 

be used inside the hood.* · The essential'· le~turea e>f th.!$ 
ozonizer were patterned. Elfter the .desig#~\'.*'~este~·b9 m~ny 
previous investi'gators18•19 but all of ~ ~'·factors co~d;~ive 

' _·: :,:_:•,. ·,..-:· · . ·, ,• ·... , . 

to a large percentage . ozone output llav~ (~~ell 1n;iorporate'd . 
__ , . . ; ,- . ;'. :~\:\>~-:'_:_. . - -· , :·: . :: : : '-<·i\'. : '' ,<• I , 

into a slightly new design in order tha{ '}~. maxtmwn;· autpu1; 
could be obtained with the use of nwi1ml c:~OW1t . ot £!~&~:~.; 

. .. . . •. •,• , · ' ·•. ' .' .. _. . ,. ·' '.; :< · . ' ,· , '·· . .' .· ' . ' ' . ·: .. , 

Si.n.Qe· ozone prod.uotion in a. ·ailent;.eleotri~ai:,di$charg;. 
' ' ,, . • • ' · ,. : · . . . ' ' i • 

oo.mes in cont;aot with the oxygen, the temperatti~e it whioh/ 
-' . . ·, ,·: •'' . ., .. ·, , .·-':i._:·-/ ·.,,}\,.;-.,·· 

the disoha~ge takes place • . and the exten.t. ot . t .be el~et:rode . 
, ,·.::',(-; '•'. , , 

area, these factors were . taken into aocotiJlt in the . co.tlsti'U61iion., 
·, , . . . ' ', .· ·.,·.,- ; i>. . .' . ,; ::,,: : ,.;,.ri ;< ';•', . .. . _,.; 

ot the ozonizer~ • .. Whether dtte to a negative catalytio·.actibn of ,, ' . ·. . .;_ , _- ., 

* An excellent review of laboratory ozoni.ters mE11 be found in 
Organic Syntheses, E§., 6)-76 (1946) • ·.: 
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. . . ' . ' . . 

Pyrex t~e,~ g:,.!ss, or to a positive oataly.tio eft eot ot 
,spft gi'ass, it' has · been· touhd by e~.rlie;,:1~vestf~!t;~\~2,o · 

. that ' use ' Ji $C>i~t C"gl.a.ss: .. iri;,''¢zoniz;r ··c,ons~)Jhtiorl/krefitly : : i 
enhances the CC>ll~fir$:t~1/ ot ·:oiygen . :ilit~ :ti:'(i;~re:N!~~tiv~ ' 

;I .~.! ·,.~· .. ·;' ·_:·:_;· ... ', . . '. ;' <:/: .. ' ' ' ' . ', .. ·.- ·:: ·. ' _· ':;_)?·\\(l./(/ ___ .. r_{;ijt~}.(_\-<..:-:-{:-~,:;::,,::{if~:,. ;,.•:_·:· ··:··.-:· · . .. 

allotroi,l,o .. rcm, .... Gre'ater ... . conversion 'is .. :::9~·!t-ne~,' by ' cooliil'g· . 

. menters18 ,l9 bav: incresSed . the·. Pereafii(~f~ tf iiy .colinecto,\ 
ing sevi.ral "'f ~i i~r tubes' ill s;r0.tn· s~. st: r·~ •u/ o.i.:.t.~.•.;·;·:·•·i.·.:.;.;::.: .:.•.: ... L.i.•.:· .. ·•.t.·.• ··.•

1
hr0i.•f: , .;·:··.·.·t'.•.•i<.'.'eo~.·~.•••zt.·•·•0hn,es1•ez.··.·e' " .. • ··. 

effects ,Ye;re 'c·b·ri'ifi.aei'ed i ifi ·,the ... u.i.v" u V ... 

described below, 
. , : 

.; .f . ·, . The individual oz<>nizer tubes we.re \iij¢ . .tiatru:'6ted of soft 
.. ··. · . . ·•.• .· : .> · .··•. . . . : . · •· .· ·•·· ... ·· . . . ·:Wtf?V : ':!: . : . ....• •.... , . 

. glass tubing 1 the inner tubes . o·:r 1:a· min~;/g}~:D.* . ·tqbilig and tlie 

.outer tube$ or# mm, o,n;. tubii.€:, Tti~ltli•ts:~~ Olitiet• . 
·were· 8 mm. O.D~ soft glass tubing.. (A'sQme"ha1f;larger ~~ze 

>·:: __ · :. - . _•--•.~- __ : _· ·- .-· . :·-.. · __ .·. - _·. _ ,..•·_-~ --,_ \::•{(:,!~. :: ::_,· .. : .. ! r\:.\.:.· . ..: - -_ ... : 
tubing sbould be used for the inlier tubas tf tne· sscondary 
V~l tage : of the transtorm'er is' less th;~.:.:~~00 volt$::•, . MY .. 
' ' . ' . ' '', . _- . ' ,· . . ·_ . ' . : ' ' ,. . . . . : ' . : i,~/, '' ' .. ;_,_ -- :· .. ~: i_\\\.:{_ ·-.' > (.'!::/_', ' . 't' . .-: . : . 

· conventional ring type seal may be ·used/ to'..seal the· inner · 
-, . . . . ,,• ;' ''' iyi ·:'. •; : :,j.;, ·' . 

tube to the out.er, since the · o.nl.Y tUAoti~i ~f · th~: part . above 

the seal' is to. provide tfonie 111eans af aui~~it fo;i '. tlla · ~Opper 
:. •r• .'.'1·., •:. ·, 

Wiie 'leatlins toJDStraJl!lfOlner • . ,\ith&f,tite '1Xten11ioA sbl>wf 
. in Fig. lV is the same aize diam~ter 'as:i\~:~ '~Utf)~ ''.tubing~· ·wit~ : 

• - , . - • , , , . ·• ' . , . ; - . . ,' ; ' ., ·.~ .: : ·.:, ·' '.~ ;' .f .'~ 'I/ .. ,• .':. . ,· .... , .; · , ' :· . " . , -,: , . • ; ' . : 

tr length' of· 3 mm. · O.D., · Pyrex tubing in a;i -~q.·•_2 Jne_;hole· rubber 
• .,.i _: ;.-:-_ .. .. . _. . • ' . . . 

* outside diameter 
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stoppe~ \\ist;,d•.:to :support the cdpp~r wire,. the ex'te.nsion may 
be ·any ''size corisiat~tit with the· kiou.tit··of\£risuaJation oi the ' 
wii-~ : and ~ii t1i : th~ t;ie o t e ~Fl~t · us e~·i ·>• · Tii \:J,ia:i ·•·~ hould \be · 'as 
I .;_. -. ,_::- .-'._ J.•>_:. ,". __ ' .. ·\' (>:-,. : . . ::: ,-: >•. ,,' >:~•. ,.i ... ,_·;~ '_, \ ._. . -:.· , • ' ' , •:•·: ~:-:::{::_:_:; .... ~--. '. -,.' , _>:.:··' ·•, ' , '. .. :.' ciose to; 'the in:l~t ·:as".Poasible ~o tn.ai in~imum .eiectrode . 

I .··· ·• · ,.•,. ·_-. ':<.'-. .'.---· ', , ., . '. . . _-, \ i ;{>,. ' . ' . 

area.·\11ly be obiiained • . 
' . . . 

Tne ·'oontainer·w~1'ch 'tioida .·.·tne. ozo~,:~lfi•ttl~e•s''was· 
· 4onrit.ruQted 'ot.\74, 'inni'i Q.-ll~· Pfre-;, tubint 'i:X:2ts: cm<..: in 1length. : 

all~ •hf t~ tl~e~ e\t~~ tOp; tA f ~I ]!,,~f !te' ti.Cak8J! 
· is ·quite · adequat;e toi: thts purposer 0bu. t ;''!if'llUt~'/f.\ · ~nte.lle~ · 

;:.:' ... ... ·• · .. ,;_'·: . .' > ... :·_:_ ·; _ :· -.··.···:,_ i · .. _- .: ' ;-:· ·.. . _,_ .'_ ·;,/:>;··. :> ._.·:;.- - .' _·:::- ~, ',;· :·'f}J]]tf//\/\:.:·-. ,_-'.'~i c::::::_.·.·:;·\i:-:' •_;~\ '_'::.-:, _·:-- . . _··.:· :., ' .'·,·· 
electrOde · areal.) > Whe . tb.atee tazoniter , tub~-$/v,ere /held · in plaee 

. . . ' . . ' -,, ' _· . ' . . <'':;'/f-_f ':-:_1•· ' ·. .. ·. . . 

bf ·- support ·-p~ , tnJ bottom.. oi .this ' oon~·~ };rr ·out t~ ', size f~om 

· a pi,ct ··:of ~1fi9\ p1.ate end contain.i.ng0 ··tJ~;: hol.es ·s11sn·t1y . 
• ;:,·,, ·:. - > • ··: \ ·" . . . . . - :.- • . -..-, ·-;-. ;-' .,.-- " • • -

smaller ·than the aiaai.eter ot th.e outer· 62:~lii.tel"J·tubes. · (If a 
;, . . ~'· . _, _·; __ " ... -. ..': ' ·:- . .- . . . '- . 

· •, - :· .. . _. · , , . ': .· . ., • ! · · .. _· /. , :"·•.) • ' . , , --' , · '. >. . _ . 1 , . ·' · . ',' :·':'..·~\'.;:·?:.-:1 >:}::·::'.': ·:_:i:'\_:t··,_,. 1 ·, ,· ·_ . · l-' ,-._-' -:._:, · .,.-_: 

non.-·(u>rroslve _Jna~erial '.ls __ -· to be · used,·aa: 1aie ;outf)lt· eleotro~e,. 
this sup~crt ~t .:·b; con11~le~tly constru~:i1t. fr;in ··a ' la~g:e~-~: 
• i'~b~~-; ltopper)r· .. Th~ '.~~ppoio:~ '·6l'.t :·the:tol),\. \YaS rmJa~ ·of. th±~~ 

. _.·,: .··,·.-; .; .... , · _ .. . · . < ·> :, , ,, ;. . \i{!<;··'.· : lf>, ..• · ·•.·•· .. · •. 
plyw.~4)~t t'~utx~oJit __ ithe _ri~~d :top · ot._·_ 'th)t <-.oonta~inet~~, riw!th i 

Ope~;~:. to:f r"s~a.~t2t~ ..•. bo'M ,th1:~;~~ ... i.~;~.~d ~ufret,,;, 
~ ·4· s.r.range·a s;t{a~ : td : be . · ciol.11ci;a.e1ft . vJ:t'-tif;. ':_:the ho1·es" 'on : the 
o~·tto:tn s·up_port" ·: A.rf opening in · the top· sµpp:ort· provided for· 
t· __ -.. -· . _ .. . -· ,_,-;:· : .. : .. . :_, .. · -· ·,: .. -- ::-,:·~:·-:·:_.:,':· ;_ -.. . ·. _· .; . ,_ _ _ .. ·: , _: '. · :: ,: _. ~:-_ ·_ ·.- \.:Y\Vt~\/.:/- ·. /' -.. : '- _;_·· _ . ; · 
.the. 'pas~age of · th~' ¢opp~r 'wire· ·leading . ft91li : tn.e · t 'rans:rormer 

' tb:-' th~·,iaolu ttbh·:·it 't.b:' ···¢0·1nt·ii11ii- ·. that J~i;l~: ·ag/\th.e outer .. . ei~ot'tbt:;~tc ... ::.;c.· .• ;., · .. 
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tubing; both Pyrex oontaine1' and Jn.nef fube~ w~}:e f1J.l.edi th 

. 7,7 M zinc ,~hlorld~ ~olutj_on and 66~p~r :'.Wl .re~ '!~a.ding:; from 
' . • . t. ·. :';\ ::_ ' . .• ' 

· the aecbnde.ry · o:t '.. the '-transformer .. were pe:t$it'tea\'.'to. diP ·into 

the eleotro~e !} ,;il\~l.0118, · .. (T!ie l.l\ll~~ ~l".~,ifoM 'ma.v,•iAiio be ' 
. 1J1.iroury or an,' type . Of eleotro1ytio con~,irr #r Whil)h wj_J.i not 
freeze .. at ,the .· t~.~er~t~e, of., the, 0~;11n~1~¥t~. i:r Th~;:~oniimji 

.was the~ plaQed:,.tn ·a _large Dewar vess~1;·(1Snta1:,~i llS :a' 's.~tabl~.;i. 
~ooling ,~ath:, .···s~ppor~ed :a~ · the ~op by· f4:: ~~4ium~·~ize ::o~rk _ri1tg{:; 
-- . •• ·· : . ,_;_· . • .. :, · •. - -__ ,: __ • _ . -.~- ..... ·- : ·.· _ -i . - __ _ ·- <-.:r_;:f?rf\}')t:\: .·i/ .. >~ : . ·_· :, _. ·· ·_. __ ,-.-. . : ,·· . 

. The corit · ring .was f .itted :vii:th e.ri Qpeb,ing{;;~ \' pe.rmit .addition . 
' ' ' '. · ,' · .. · < ' ' ' ; • ' ' : ' ' ., .; ' .\;::'it'?{ ' :;·',' i > ' ,. ·.: '· 
of ~.oliq. carboI_l dioxide . tr the .~em.per a~µ;~~: of.t,':t4e •tba th , .becaJA~': " ' ' ·_· ' ··.·_, . " ' ·>. '' ' ,: - ' : , . ' ' .··,·. · ... ·:// }:{ ' '/ . '' ,,. i 

too .tdgn, . and .with anothe.ti opening to i p~rtnii passage ·ot a 
, ; . · . . . . . ·. -· , : .1 _.;'_..'., .. >, .: ·- • ·<:, . . _: .. ,, .. -·· , . - ... 1 ' . ; :- :-:··\Y)/r\··· -, ~-:-:::.>. :.·.. . . -

· lmv .... ~8IllPe.ra~~e. thermomete~ . to .. cheQk ~ri}j~~~ : ~~111~:eatur~ · of the 
bath. 

,'.l.'b.e transfonne'.t-: Used was· $ . war s.u~:~~S .~av;r·. iransfOt'me~, 
cap~ble:·of 10~8,QO: volt$ at 115',•v:oit~ >pr½~r.v Al.nd./1'at~cl, at · , 
,; ··. ir:il\ , /. ,-,• ;,,·' .. •··_ .. _· · ,· · . ·_ .· , ,· '. _ ),f: . . . :'_ .• .·· . . 

0,095 ,amp~ . on ; .the . seoondary.,, : (A-1ower,3roltage may , be . ug~,i -
ff the · d~~t~c~ . bet~e·en ele~_tr~des is :1;ore.~sed:;,-~c~~rdingly; 
. ' ' ', . :?,'(\\., : ,,;,:.:.;- ·. ' . •' ' . 'A'. '' • ' ' ' ' ': ', ; '·ft . '';:. ", -)!\{:/,•,,;L:dt.t ' ' ' ' . . .· 
with . the di atan.c.e described · above• howev~eri no .dlaoharge took 
place·. ·at seo6n~;i-y volt~ges :.ie'aa : .than a~t&.:iolt:~.~.i ._· •i "Powe~- · . •· · . . · .· · ':.·. ·. · · ·_ .. . ·-._ -•· -·. ...... > ?i:ttii:;ftt,: -_ r::t ·.,. i. ·_ . · 

.· stat" was , used to . regulate. the . voltage . ~ '.9,;.,:;~,he.'.1;]4.neEi ; l19ading 
: _ _ . · ... __ y~;-/,;:-:~,'.=':::,::·.\.:!.i•·::'/·-. , :·. __ _ - _ .. · _ ! _, _~ ::: , •. __ ,'/,~;t1fit};¥t~~><~- . Tifr/{:.\•/:ty:\1Ji( _ · ·· · 
-from the. 1':Power~~at'' to the ·,p~imar.v·· of :>~4i!t{~·:t".ans~ljrmtir,.wer·~ 
fused a; 2 amps } L The fact ;h~t th~,a~.: f~i~;;,.~er~ ~uite. '. . . 
: . ;, . · .. ·· . . .: ··-- ... :. ' '. . _.:, .. ' _·· _·' ._ ··· ··./f)j)/'.\:.:.~.\ .,_~: .::;,{:i· . •.·- : \ '_ . 

adequat,e :i _ndieate~ t hat , the a:tnount of o~rt$.nt drawn by, t,J1e 
• ' , , •' . • •., ' ' , • , . ' , , : • ~. , _> .:t·1:'.:i_~/{:\'j .:·<_:·. .. ; : ., • ·: · • · . • : .. 

ozonizer must_ J;ia.ve ·been JE¼ss that): 0.02 ;- ~P~• , This Q.zo.nizo~. 
whilEl . taking up ~o . m~re , ~pac~ t~·Bil. the:ri~~.~r ve~sel ilsed f<>r . 

. ' •'·. · · · -·r- •. · •. -: ~.,. '.:· -~ --·- .·. :' , _ -~ . '· . · ·.·-.: •.•··• ... :· ·(-.(·,'·i:,, • ._:: "\ , _,;:· :·:·•-·-\•~ .·-, · -. _·i , ·. \· ··t:-, .. _ •• ; 

cooling purposes, consistently ,prod.uo~d .. b.~tween\·7.5., an~ 8 per~ , 
oen • by weJ-~t.,. of oz~~·e. a_t . , teni;~r,~t,u#~ .. ~f- .:~~6°,~ . EiA(i a 60 



oycle. 8800.lld~ry voltage C)t about l0,'500 ;iidits. ', The iuetbod 
. /· :~. · - _· . • _ ,/ ::·_,: :; ·-:_ ;_ : .. \: _\/: . .. \ \ . . '. .!·, -. _- -·:_/:.- i: __ \!_:\/ .. ,.. ... _· _ · ·: .. _'.> •) _·:.:·>'.:::,.·:. . ::--... _ _· . ·>:·_ . .,· .. _ . .. _ :i ·._ <::::,_:.;~··r>:> . ··:/\· ·· _- > _\·:•; 
used to deterznf:°'~/ t.b.e i c9.ncent'ratio.n was the _same_ ,!is that 

used , to determi~e :the· ozone ~~tput ·of theS :~~la /'0t6ria tor •. ' . . . . ' . . 

T-e.nk oiy~e~t ~aretullf,'dried · bY , pad~'.~~~ tnfo~~li tb.e 
·, :.'.' ,·: __ ·_~. ~). :-·.· .::: .. _ ,, ;··::.i;_.;; · .. _- .>•:· \ ._::, ~-~-.>:-·· _-· -'::'···<:\ _: .. :•:''·._: ... _ .. ·· ;;,:··_.-_ ,' __ .~ ..\/::.:;/:\•:,;.:.:i <?;> 

previously melltionad ·ury1ng and ' puritio~tlqf train• was passed 

. tllro~~h ., .. the "a~~~t~t~~et a fl.~~ • rate ·0f'.i~'/t~ ;J,i1 te~s., pe~• . 

ho,11:. ,ti~ in41ciiiti hg . tlie •w~~ Teet M6ti,m~t ; . i~~er perOen ta.ie 
·oonvers1.oti was ob~alnea.· ~t , faste11 ·fl~ i~i~s; Since tllci . 

. ' - ' .. · . .-,· ,:'.,. ' \ "· ' ' . ': · (:'.;::\ \.-.:·,;;:. .: : ' . -·. <.1> ,". ~,;.,. 

~rociu~tioa ot . nion.e · is ehhanoeci by ·nt'gi{rpi~ssut~~~-a some~. 
·: . _,..,. .: ;. ::.,_ i ". • _'. ·: , . , :_·• ': .,:· :. ·:· .· · __ \ · ·,_ · (_ . ·.•: :\ .. t ~\:i : .- ::, .. ;·/.- ' ' 

w~t• iµ'e~J;eroorr"i:Sfoll was Ob1;ilfS9d ~y:~j:<>fti~g a p!'essllre 
di tfer~n ti~l aof ~ss the O?JO~,i~~·r bi pla~ihi an :·~d justable 

clamp on trne 'tubilig l~~din~·f;onf the a~;ti~er rit tletf (Thia 
,_ ' •-·•· ' ... , , ' ,/' ' ' / ' ·> _ .. •' < ,< > · ',, t,' ; ,'f,\ :/ ', ,J; ' ,· 

pressure _dependence· it)- clearly• indicated rbyan ./applio~tion of 

~fe Pri~~p7e \fi1.i· CJl~.teli~r · .. i& ~he ~Ji~~ion .Jg2 " '~o,..J 
Osemical :and. Bj,oloa;eal 'Et',feo,ts .6f' ozo.ne), 
', . > ', ,:-:::-:_··_::·'.;-, ,(.::.'·,:-_\-_<_ '·. ·. ·::: . \. ..-.:-r·'.'.}/\/:·i•) "i ··: ··_/ <! ' .. ,_ . ' ·_· -~ · .. ,. ;(r ..... , .. _. _; ' 'i•:·?·>·:·,·.-·',-(·•·-:· .. ··''!_::.·-:·-· 

, 0eQP,8i/i !S;:i one of t.he 1lt0$t; powe:rf'ul oxidants\lik:ntiw.d', and 

its use ·.ices .i ~~t/:·~nt~~l th~ remov~:(9t ,«>ri.tamin~-ting• reduction 
' . : ' .. ·, ,,": .•·>- ~·-·_,~:. _·, -, ' .",- . ,:· ~. · .. ·.·_ . .. ' ..... -::_.:}}'.-:):/.·:;: ·_ :~ ; .. . , ' > . ' , , - . 

,products whi oh S$ , of te.n. ace ompany the Us~::/{'j:f other oxidants. 
'._\• ,. .. ,..,.,,, .·.... 

, _ ... , _. . :: :·:• _ .. _. _ _ _ . . __ :r;_ ~-, _ _ _ ::: <,- _ __ :_ _ --: .· . - . :··· :·i,1\:L?~t i:·/ -: . _ . .•· _ _ . _ .· 
For this __ reaso11, it has·· toun4 1Aoreaaintl.#. greater p~pulari ty 

. :1 .:::::::. :~~!et: t:::i:~:atr v:1fitt:~b,z:ss::: 
. ' ·•.•·>;·,:., ·:• ·, . 

.. •, , ; 

, aggta~a~ihg t~6j\ 
Because of its great reactivity, . oz.one is also- a very 

toxic a~bstance, end ·~oncentrations 'in ~~«~ss of -0.15 to 1.0 , ·- . .. . ,. .• , . /.\{:i.Vt.. :t- -: 
part per million cf a.1r are extrerilely 'harmful .to the hum.an 

. ' , . , , l . . 

body. For - this reason, all reactions we~e carried out.· in an 
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,e1':ticient hood' so that no ozoh~i,'w•as: permit''ted, t ,o e'nyer the 
-laboratory proper.: · The ozone outlet of th'e T-l,2 .rtQzona:tor" 
led ' direotly , into the hood through a small :J.iole'•'. in y tb.13 aiue 

,·. r:•/·· 

of :the ,.nood; · '. t 'h.e entire ·a,ssembly o:r' the\ ':L~borat}or.v.; 'oi6ni~~r 
: . ' ·, .• . : /_ >.~!·''.:.', ; .. '.1. - . ' . ; "-

was,'. pl.aQed a.tld was operated · 1n this hood~? 
' • , • ' ,, I 

. 'J:~ . further :i.~:~ure an . ozone-.frea a~i51'pliere in ;'tn'e 
, , . . . . . . . . , ,, :." . . · t ,: :,:: , '· ·?tW\:!.• ', ;, ., .. 

labo,ratpr,v ':Pr<>p~r. the effluent gases ,.~~~! th$/ 'reaQtiQ1'1 v- easel. 
/i :,: . ,·./_· ... ·. ;::t~·)i\ --·,_. .·_· I . _· : ,··~ - ~- . - - -:;':"'·\:'.u~_/ ·:>::,:· -·: -,;-''.:·>/::'.-> ·:·:: ::·i:" •-' ·'. '__, . .; 

were·,· paSsecL th.rough several. oio.0:e d&strovi# tubes before 
being pa~.itted: to ent;r 'the atmosphere, ':§t'. 'tb.e ho~d • . : Se1'erai 

• -,•, . ._ ;•.:: ·.<;•':• ' -_, ' >- •~; ' ' . ,.• • "J:~t, ·:i· '·,.\<·'. _.,. ''..' ':· ,. '.__ .. -,~ ·: ;' T •. ' , ' ·:• 

·good ozone · deat.roye.rs ·were , used , at vari6ti.s: timea throughout 

this study; s~1[l manganese ·, <li~xide, or/~f\l:;;e~ai'on', of · 
: · .. ,,,· i . ' ,. . • • :-\ii::/:))t··,.:_i):; '. , ' 

ma.ngan.eae dioxide in water, :was found tµ':,;t,S: : a good ozone · 
• I ' • \ \',;•;_(i~ . .-. • , . ' 

destroyer. (The action is presumably· c~t;'aiytlc, bttt a , purple 
,,·.· ' : .. : ' .• .. . . . ·'. , ·_.\/ /: ',; . , ·_., . ,, ' r-.: .. , 

water a1;ter seve~al' hquts .o:r ·: oz~nl!l ,p~s,aa~"i · this would ,seem · 
;, 1·•,; ,. to ' indicate oxidation o:t .man~ahese, dioxid~ tc> ,,the perillatlganate~) 

. _ ' ' . . . 

Caloium.'o:xide was also used at ti.mes, but the, mq~t sattsfQoto,ry · 

me :thod of destroying ozone , 8nd, the one , used, thr~ughciU t the 
' . ", . . 

major portion ot this study consisted . of, ,Passing. the .,!'fluent . . -' . ; . .. . . , 

gases· through . twp ·: JO~inoh tov~ers , ot · eono~tr·ated , Sodium · hydroxide . 
' . ' ·· 1 .. ' . . • ' . ,, 

tor potassium ,hydroxide) ' . solution connedted, in\ seriee, and. 
then into, a bubbling tower 01' pota,ssium fod.ide '"it~1ut,io.n . as<a ' 

. . . . -.· ;, ' ' . 

:final indioation· or complete · ozone '9-ecomJ;>9si tfo!l·, · :a1noa .'ozone 
. . ; ·. _. }; _·;_.. , >. ··~ 

reacts, quantitatively with potassltllli 1odid~t ,: this last .. tower 
• , . r ( , • • • ; ' : ' : ,. ,· . ' . • • .• • • ' • •. ' 

served admirably as ab., indio~,to;t" ot ozone~ destruction as well · 

as an additional destroyer of .the o:zone, < 



. . ,. , .. 
-- ~ --

Ozo.0:EF·reacts · qu.anti•tati11ely' wftn , the ' do1.tbie ·bonds · 
,· ·} ;. ·• 

in u.ns'iturateld1y~rganiij:>,· C)allpounas·;._ :ini·r~i!ore~• ani. rubber . 
Jxposecl t~ io'zon~..:oontaini~g:: ,bxyg~~ .is qtii~~, .~i t~Qked. 
' ; ... · :: . ··•· > :, : •· : · . ,·\: .< .. , .. ·.•· ·· :\(::/;{.'.:/ }:); . . · ', 

·For_. thisreason'{,.1 t was ·found0.necessary'/tq:irepl~ce . 'all · rubbe'i 

tubing .~; llub~~ 'stoppers i~ '~;,~,e~ui~~~sl~.~~~e' .1or . . 
iUlll1ediately :adjaceht.··t ·o) :tb~ -hood~·:· .(TB.is'.i/1$ • ~.t{ additional·' ) . .. · :' ·.·_ .. ··• .. · . . ·. · . . < . ·, . ' _:<; ,' ' >:.(;{,ft:},/> < . •.· ... 
reason ·tor destroyin.g all. -·ot· the ,ozone.:·b'itl":re .permi.tting, 

' f .•. · . . ·•, · ' ' , ·. . • ' •.. . . . · . • ,, •' , C •. •,· ' ' •, • ! '.;g•nt;;;•:, :, '\ ' ,• ,: ' . . . I . , • 

tne· f,3ffluent ga:ses.: to enter .the · atmosp.ttiitff ;;:ot: 'tlie lab·o-ratory .)' ' .. . •·• •,· < . ··. ,;?' · .. , ' : :·< . :, . . . . . J;(i}?/;{.('' : . //, ( •• · .. . ·· ,· :: 
Tygon tubing,' waJ3t; fou.nd --to (be ·qU.i'te . ·resi,f3/\;"~p;t•·· to attaQk by 

·- ·:_ .. · ·. : .:. • . ... , .. \ :'.:y ·::·:/•:::·~--- , .,: . . :·-_:._.:: . _. _ .< .> :-· : __ ._.r:·_{f:i'f)\·-~,-t '. ··:.( ___ ·:·::i.:,; ::"}(X.<./i\. ;_:"• :.: _.. , __ · 
ozone;··:·and . was ·theretore.: used ·-for ,all ,· (}0}¥46tfon·s ,.· Gi<>und 
glass . _atop~er._ed ;ye·~a ~{s'~i-J.~b;i ca~~il .,,by'/:.~,;ijAk.,~e~i~. tarit -_:_ . 

lubrio;.nta, were ·<Us~cJi . throughout'. a11· op:Ji~itons~ .Silicone 
- ' . -.- '. ' ' . . •, · .. ... • .· ,'·':::;/]/'.// .,; . ''.' ·: ; .. ,; 

stop ~ cook ; srease.:- manufa.c;tured by:·:bowi: ;W~ /tou.tld.· to ' be an . 
. ·, .. ; ·. ··:· ·, '- , : ,; . , .. :-. · .'. ,, -~ .. ' ' . . .. .', ,, ' · .. ::·· , ,_; ; ' ,._:_ .-: ' :_ ., . . . : ' 

e:xoell<fnt ozone~res1s•tant<•.iu6rie~t. · 
Ozo.nization . of,'the , ,Alkali., ettdAlkaline~.•:mafth•· :Metal B~dr~xides 

?--·> " .. " . . ' . . · .. · .. ' . . . . . .. . •·· ·. ·:· . '·:·. ;·,.· ,,,. ' '' 

As has· alx-eady been merttioned, -o!le· p11.rpo~e of •' this 
st11c1ycwaa to :repeat~ . insofar' as possibl;i\, tn~}·;~t~i~'llS experi--, 

,, :.· . ·._. ;,:• .'· •. -::-·._.:..;• .·:,, , .. ,_. ·.,:. '. ·:- · ·• ··:-::· . :,._.',.·, .. , '· . 

.m.e~tal .wofk •-- ~t · earlferlnv-estisatota. Ozone•c~.titaining•.oxygen 

wae ·pai;Jsed throu1,;h , ~1Utnns ·ot •tbe •solid:/Ji~<iioxia;~' -'of lithium~ 
. . ··•• .. · _ ?,,,~t;>:,::":': •:AW. ,· .·· ' - . · .. ··_.· .. • • .'> ... · " .' ,{is\:I:,,•.,:,•y·M ·. . ' · . 
. sodiUir1t,'· potasei'tun~ .; oesium, . ·lllagnesiwn.',' -.ca.loiumf'.;fuld ,;ba.rium; . 

' •. • ·, . , ,·.-:·•~i' ·• ' ' ' ' • ., ·. , . ·, •. • ·· .'.-.'•,Y,: -;-::,-: ,··· '• ' ·>:'.·'.:..:)'·. 

the oxide~ : of .mag.tiesium • and calcium were :;alread,Y ,powder•l.:l.ke• 

b~t-al.l. :of the· oth~r ~;droxides were' puiit5rized .by means of 811 -. 

aSa.t$ Jnorta.r 8n4 p<!~~l~ 111 a ntoia.bnre.-i;e~ etmJ~~here> (aubiq.J 
.ium ,'hydro~ide ·wa~ ·- not· ~sed .in ·• this ' s·tudfr:'li was felt ' that-··its 0 

, - .. . ·. . ' ' 

behavior ahould.::be · Q;Uite •si.tillar to thati pf pot:assiwn and: cesium, 
., •/ . •,; , • J , - I, , ' ,, ,. ·.' , • ·. . , ' ' " • 

· and little more would,• be ,ga:ined:''. from the investigation of 
. . ' . -

. rubidium 0 ozonate" •) 



;.T~e. hydroxides · of it.he ilklili 1ao.ct alika.li.U:Ji\:eart,b.:'. me.tals 
are hygrosOJpio'. .thosJ . ()f ·sodium, ·. p6tt\~~¥~} 1,~~J.fuJ/•811d 
.cesiuni ,'be1hg ;'partiotiJ.a.rly ,;sc,.,,. · thl.s .:;~Json~ ;: t:he hydroxide~, 

of · tbes,f met·~1s·,i;e~ · pul"~~izeo./·~1 .. ,thi#,:~{.;'.~.ftt~~:l:~rt· ;t,.ar.v •box•r:Y 
: .· -. _'.• . -. ":'- .• -: ,, _ ·;,, . __ , ' . ' . . .. :_ i :". . · :· ; · , ,· ___ ·:·:-·;) \i•:··..:::···.· . -;/ii.::/:-.· . _' ·:·, , ... _, : _·;· 

wbi'ch oontai:ried •:phosphoni's pe.nto:xide '·S.niiYi~gnes:1um.'· pero~lorate • .. 
' • · ., ·· - ' : . ' · ' ' 

0

1. . . ··: ·/\ · : ' ' ._ .. '. ' .' ' ; ' \ " ,_ .\•' • . • • • :, .. ! " '< . ':· .- ·.: ·.· .. ·.= :·,:: . , \:\~_{):':\/:-::<~---:·\ ' ··: .r .-' .·::;::</<: ':_ ... . :r{.·· ~_:, .:; .. -. ·-.· ;'_ > .-·_: ·;·r::.·:;_::_ 
a.a d.t'yi.ng ' agents,: and whioh was t.t tted.' Wii~h. '. :two·::•.r6;bber gloves\ 
seal•d to . op~ning~ !rt th~ :s~:s .of the :t~t;},ljY' ~b.i6h;\~~u~ 
op erat1 ons , i~s i~~ . ·.th~ bo~·' ooul<l' be ~cm~i:ltJ~ ;' ~;: eieot~ c light . . ·. •; . ; , . ·-; ·.:<.·/ .1:.:-r .:; . .-., ___ . . .... -- ... - ., 

inside · the t>Jx ' provid~d e'the .flt!CE?SSary t1Ii:H( 'tor ,miri11>dlatiohst 
This ndry' 'boxtt \V~·a · ais<i e·quip~ed ' with j ~·J/.ff·#ie~·/~n~f' otitiet\for · 
passage . of ·ary '; itr.ogen :or ''somi other li~1)~l~'.ti4:· ~s in order .· : .. .. , • . : , ... •·•.•·· . . · .. \· " ... · .· • . . · .. . :Trr.,> · · .• , ·· .· ·· .. ··.· . . .·•· ... ' 
to maintain. ari l ·nert' ·atmosphere ·•inside ·the··box. ;· In. addition . . . . .. . . .';tr ·:,-.. . . . , , , . 
/ . ' .: ' ; . , =< ·_ .. · ' _. :._·, ' ·· .. · : · '. - ·- ·~--. - ~ - _,_ :_, ' , _/, __ ,··:'./:-:.:-::: . . .... . _ ,_ - .. -_. - - :·· .. · ._ ··. - , , • • • · _ _ ,.;·_:: 

to ·usi.tig '·the · "dry box'' for pulverizing ·the .b.yd1f'oxides·1 all 
· ..• ·•. ,, . ; ' ' ·· .. ·· ' ' . ' < :. ' .•.· '.· :·•>);,(. 't.· .. · ·.• .·. · .. · . ·e:· ' . ' 

oper~tions invo1v;ng the ·handling ot any,i :p( ·the<s£U11plea, •,, auoh 
· &'s 'trefnhforrin~'srun;fesii reino;ing .. produ&f~·:;,:·;prJ1ari·A~ .· aaro,;les 

; .' , .. : . .-. ' '• :. . . : , . ' .·.···:·, ' ,-;- -~ ; .·;·, .:;\ ·:_;_:,- .- . ·.\. :'-. ·" . . ·-,.: ";' .', -:f 

for ma'g.b.etio OJ? gasom'etri.c an.alyses, etc/, were;, carried oilt ' ' 
> S • • ' •~ <• . , ·, ' • ,' \ • ' 'C ', < • ) 

in the moisture~f;ee· atmosphere inside: • . 
. ,-· .. ·-i 

h',vdroxid.e·s 'were o't •two 9iire:rent ,tyl)·as, a'~pen~i.ng on . the · 
intended' purp;;~:·(Fig~ ·UI)'~,-,- :·ThG )l~11; i i1.,~hi~h hyclr~iae:· 

, 1 . - ' .. •• . ' . • ' . ; .;' . .. ' " \ ' , · " / '. ., ' . . . ' . . ' • 

' pellets of: tlakes were' ~ZOl1a)tad ·o'onaifil'ted '1u~rel1:, ~t ·'a0 f~trl9 i .. · 

large 'diametez:•·:tJbe· ti; t~ 20. mm. o.n~•):-?it\F;r:~ .~rtUldrgl.a;a,; 
titted 'at .on~ :eild with a : 29/42. o·;, 24/io)~~:j~il ':~iass 'inale :; 
> . . . . . . . . . ·r.:;, . , . . . . . .. . . ..··-· .. :}·:\'.(f?· . :.• :/ ·,.. . . . . : · 
joint and sealed at· the · other· e.nd to> a 1eiigth ·rot i oaplllar,v ·· . ' , ' · .... ··. . ; ,: . . . ;· ' ' ·.. . ·; . ' : ·. ..· '' . ' .: ·)/:·'/{: ·, : , :·':, y •.· .• .. ,. ' · .... ·· 
bore . (l' to> 2 mm.. I. n.·*) Pyrei\ tnbin'g tha~}~~~/ ~~.n:t upwards :·1:n . 

*inai de diameter 



A 

Figure m 

B 

D D 

C 

- - -- E 

A - Ory Ice Trap 
B, C - Ozonization Chambers 
D - Sodium Hydroxide Solution 
E - Potassium Iodide 

Ozonization Apparatus with Ozone Destroying Train. 



a u.:shape' }ll or ·· Fig. 'IIl) '_• ,. '4r~ '· tb.erilale ,joint· dk;• this tube 
was :titted a '; C~Jr dotuUs tihg ()f: a g~ound' ~rasa \ .t~;~~[e joint . 

. of the size::·and 'talei•· corfespohdib~ to . ttie :mal~'.·' jc~t. : and 
-s~aiel to a shbtt\ l~ngth ofi .$ -.tnm~ ·-· o:~n~.-·P.vfJi tJ6ing; :w{th '. 

; -' ·, ' ' ' . . ·-.· .. ' 

thta··a;pa~-~tus '·I:f waa ·'_poas'ible'-- t~ ··hav~ -•f~~:l ·d·zoh~:containing __ 
,' ~, . , ; •, ' •.•· , :; ' , . ·:, .'.• :• , "'i <" (: :i .,_.. .'_,', \,1 _ ,·.•_.·,. • I . -'- , _•: ; • '. ._. _, •.- ~'-_:-::;i:\\}/=J::"·:::,·:. ,:_·::_. -·<t<:.:'. _.•' ' -: • :-- ' '> . •_. . • ' 

o~yge~ Paa& thrbµgh the hYdioxide pellat 9£f ires , frbm 

all' -Qas·es; glas-~·woo+ :ill,S .. i>la~ed :at :tn~ ·/ti:9:t~om. ·)@a· ·topo'f ·the 
._. _- · _ 1 __ , : / '_ --:_·;,. __ :,-.-L-.- /t, .. __ ,\> _· .... •·)-~,:- ::/2 ·: _:·- __ _ · .:~·-_1.'. .. :···'_:-.·-:· , __ :i _ _.- _.\/t}t('.':'~:-/ . __ , ____ ·:\\.::,'•_ :·::. 

hydroxide oolumn:Jn :Orde~ to p'reve.tit' clogging··ot th& g·as -. . ' , ,i ·/t'._: · . .-·.- ' '• . . . . . . . .. .'." . .'!·',/;;';···-. . . ,· . 
>, - . ,. - , . . ·. ·: : . r _., 

inlet o.r outlet. ,_, 
:'!'hi.~ type Of ·o~onization 'vesael.wa~·-'a1st> · used for > 

ozonization of ·t~ ~ulie;i~·ed·· hy1dt6xid~:':V When used ·to; this ·-

purpoae·• it· w~~-·to'und to be :~-~~e'~f~.o.t to ~~v-e the ~f~relOertien-
- • -· ,•' -· • ' • ,-,. ·, > · ; 

tloned J"1~as wooi 'tfaps :_s~ · t.h'a~:·t_he :l1ydr~¥ides o~ulci :no~- b$ 
oarri ed 'meohanicaiir : f'.t"om 'the ~11 by ~ '.~i_1~suin:g ·gases. 

i' ·I;_:)' 

Ozonization of pulverized hydroxides in 'such' a' vessel, was . 
· ' '. , .• . . . - _ _ .,., -· , . 

· :round t~ acquire ihe problem ·'of tfohanne"Ilh8;, w~:ln :the flow of -
, -·· • --. ,'_ , - , ,.,_. -. ·- • -·':''::·- . -- .- . . , . · ·. _ . • • . • -1 . ·-. •. 

Ozo.a·e-oontid.n.ing oxygen was ',fn/ the, direc~iO.tl o:tigravit1 ~<i.e. t 
. -- . . ' •_. . : , . -_ .. -.-. -. . . . -· . _· . _· .. ·. . ... ·. _. . it < ' . <'.:, '. . : .... '""'" ' 

-from. tb.e:.:,top\:to the bottom' of the ·ooluriui.• . T_he :·: $f,n6o'm.fng ga,sE3S 
,·• •,_ : ·,. , / • ' ,· , . 

picked '. oertairi 'ttcharineis1t ·of least· r.esia~anoe in going through 
t~ : po~der oolumn::;,;~4 _ mimf' ~'.t"~~~ . were "n~t abl~{._to 9ome ; i~ . 
oontaot 'with. 'tn~··o~n'e~ :. 'r~i~ diffi.~~lty; watf pafti~la• overcome 
> ' :- -- -- -._- .. . , . ; , . , ... . -.:. , ; ,, ;' . ·.. .:U::, ·.'( . - _- -- --- - _- . -- < . -
by periodloai1.v·· rev~rsing the gas· flow. and: "_permitting the gases 

' ' ' - ' ' '.- . .• . ' -:,~ . . i . ··• 

,to go up· througn · the ·column Jroni b<>ttom ii'i~op'. ,·. T~s ,method . . .·· ' '. . -·, ·. •- ' ' .;. . ' 

overcame the difficulty ot "chall.ne·ling"·, but pfeaented the -
. -<'.-/~ ; ' ' 



·additi.ont:,l problem,,,rlf me~han;i.eai1v ca.t':I'Y!.ng of \the 
' ··:, '_'.·\ : _" __ / _.-). '.:':'/·_'_ , __ !_:'.•:::,\·( ·_·:·,;-•.:\·/ ·"_ . . \·;: ::•:·:-.· . .': '.\.:><:_ -:;_· >) :. '·, -. .,i ... :-: _··:-_;<::•/'·, _,.'.\ '.·,'··<·-,;;_:· :/)/<:>: j_ ' 

hydroxide r:ro.m. tt>,e -' cell by 'the 'ei'flueilct g4;1S()£3 uhieas the ' 
·;: :, . ,' ... . : •, ;,-: :, \ _·, . __ ·. ,;.,_ ·. :_-) ::::-,0 '. ' . ' ': . \ -':.- < '; ';,t: ';·:~1·( ·:_0'1 .'-:·'::: ; ' : . --~ \·•' .. -~. ·· ._-,1. ; __ ,:-.· :'. ;· ,; . • i . ... · , • \ ..• \>' "< '_,.°:" .'.' l: ·:_.:. ', ; :, . . : ' 

·glass ~ool ·pluti\1a~f o·t . sutfioi~n:'t ·~:i.ze ~b{trap th~ hydroxide, 
. ). ' ) _ • : :- •-:· · ·;';,' _ ;. ' r ;; _'. -, ,,: __ :, ; ;_. , / 1,:··x·<~ !' /-'. ;?'/_:•:'•i·,/ •:·-•: 0:,'," ·: ' \ :::\';"' ;' • · , •· \ 

Another ' t#pe of v~issel used in OZOttl;ltirig \pulverized ' 
,' ' :\;,i;:.') : :,(<'.\ ' ·.>' '' ', ' '\•, '. 'i"- ', ' •.· . " ' ' ,' . \ ,: ·, , ,;'; ' '\tf•;e,/{ .+·,' f :. '. ! '. 

mat~~ieJ. is'J1Jh9w,n 1n a. of Figll \:tII. ·, T11e ,h6nst,rijction 0~ ' 
• .'· , , .. · , · • ' ·1 • :' . :_.:,·\., j-.. , __ :_ ,' '': '.' ,1 • :.- :,/:.>::-,:._/,',-\ :: ' ,,.: : ; ,,· :,· ,· 

,,:· <·, ' ._: ' _• •.· .' ,-... ~.· . · \,,.,'_ ; _ · ' - _ - . ,. _'· · , .' ::·>1, ., ,···, . \. l~ i<-::_;_i\i}(};''i-\-~ - ,:...::::~)_ .. ·' , 
this veesel was ··quit~ · similar to the one'' m¢nti<inerl .. a.bove; 
;.:.·, . • \ ./·\ ·,•:: '- - .-'.\.- - : _ .-:".:··: · :_\./:( : :.' ·_._ i• .· • . : ·,_•y·--· · '.:·i~ .. .-\ · ;·~I,·.>-\'_·, .:. _ ·:, · '. ·:·>i·_\\/i('.\)·?/:.>-,~ : ·: i·<.\(-,.-::".':·-} ··,t -~-r~ ;: . :, 

howe-ver~ this· cell was fitted ·with a <u,~ s.e. • trrtted. glass 
.--. ~- · 'r/i?(\-~~;-_,_:r:\.:_:,:·\·;:_.~-.\'• _·, .,: __ ._:\'. :-i_· _· ·, __ -. _. , . ,). :·-'~:. _·1.1,.; _'._~;!::.:.t_:._;_,_~, :·,-.:.. _).;i\tr:i>/(::,.::~,t/•;. ·: ·,· .. : 

filter at the bottom. of' th.e ·cell whioh l~a'ii,.·cf autticient 
. •·• ···... < > ... ........ •·. . ·, , ·. .·•. '/.' ' .· , · ;";~(j!;:'.:\i;}: ,/,' ,' 1, ;' · I 

·:J?orosi ty••··~ o ', j)ermi! >:the .~apld·pa.~aage of ' .. t ~¢j.saq.ing •.gases. 

•· The}·~~~~.·· ; r/t~~ei~~{" ~i ;1 !/1 .... .• 
· oell bu.t ·to a lesser extent tllan in the •: ~~li~rf ,~he method of . ·. 

-~ · ·_ ,.: :_ · _
0

) · . \ __ • _ • • · ._ · _,'-.:,,, _ _ · , · -'. _ _ · _ ·:: _;:·. \·:~;:~\l_..\:)}:;}f}(:};,'.:·\,-·;:_ ... ~_..-f) _, . _· __ .-· -· .... __ : . .- .. . _.· 
teveraing ' the flow Pl ozone""oontaining ~jyge.n Vias not teaslble 
/.:; . ' .•• • .. ··• .. :··: _ • .• _ i __ .:., ,:-. : . . >:\• :·,·'• _• ·.>·:· -. -. _ •. ;:_ .. >,_-,. '} , , _,_,,::..\_ • __ ,··•i,~/:f\t{:·_:?;:i<::<·';:':'_;_'" _- :_:.' '. _. •I· . · ,• i ~' •, ', / ~' • . \ " : . 

with this ··oell. 'beeauae of tbe oataiyt1ci)/l ~com.po.~it!.on of the 
· . ·•·· . • . . · ....... · . · . .·., ·, ::: .. , .. ,. . ··::\r:·\;::,ci ; 1 /' : .,, • ,·. • • ·· . 

o,zone b$ . tne sp.arp edsei;, o~ .. ·th~ ainte·~ec:1_ .. sl.ass ctilter. Hcw~ver, 
· . :.·. ' ·; . ··:·: ··· __ :::\ __ . , . ' ,:-, ·_,- _. ;· ::.:··~ ' '" , ,,:· ;/_i,,: __ _ l• "' ' ',_-''.'~,,- _.,--~-'..', ' _ _. :··.:.- · .. _::~:,:_.; _:._ ·,·_: ' ' ·_..:(~tl\.:':~> .:>:'. ,_·_~-- -:--.. ,:_ ( ... ·'.::t:/_<·\ 'l ;_ ' ·~: ' _;:. '.1;_ · _. 

the tl.ow was of~en reversed ln 'ope.er t ,o ,:,eaitroy'/ tbe '"channels" 

9reat~i~,,~,:,:~i:,7./.~ei i; f i6:;~s'·~~ \J!e ~;~~~ti,i,,:~,,,tr~~i ;~. ·. 
This t.V:pe of ·vessel was t.1aed <primarily ill :.the phase ,1nvolving 

:, .. : ", ···,.:' ' ..... ,'..: .. :_/: ' /' ': .. · ·',· ; ,;, ·:"'."'.<·<' '.\t'i'.·•·. ·-\ '' ' , .. , • 
. ·the elf..~rao1d,on ,of the nozo.natestt __ with liquid amm,oni.~f and its 

·, {. I·,_. : 5:• , ·. ·. : .·. ; >,/~ _,,·-,_ ,,_ '.' .;: -_,. :: . ,' . , , ., '.-~:··_ ·.:,>·.:_ !; .. •·:· ,--:'·':'. :: -~• ;. :: ·; .;, .-- .:: -. - ' '- ·:_- : <;'. i: /.·:,, -1 __ .;,. ,·_; ,;__;-,:;-•: ~:>·: <:.· ,:\ ,: . 

u,ae will be mo.re ·tully described in a lete:e· section. 
·.' ,•,, . ,· ii • ' > . \ ; ,; ,, : •, ' ;C}c; ', J,, '· 'i• . ':: 
·. Qzone-conta~ning ,c,xygen .. was 'tott.n~:(~~/·ciJloj ttie : ilydr~ ted, 

•_· - '·_ ,:_• :· •; ;._··.',_\ ·• -, :, .,·:,./::>'tt:.t\:-•:•_' .:•,.•~• ... _,:;-~-•\ ·-:·> __ I~'.·, •:.•~· :• ,l, ;. -~, · :._· •:· ·:. : ;'_' .. ,;!\i/•?})::: .. :•i, , ... : .. :.?:}_ .. :.•_:}.; :'·(,'.·:'.:_'.> :,-·_, •· .•,·.:_ ••1 • - !• '.\ '• \ 

hydroxides of sod.tum, potasalwn, and. cesium at 'toom temp~rat~e 
-, >::: .. -::_.: :·: __ :i:,:: .. '. _ ~.-_ .. -.. _, .. : ::. __ --: :: •·_.,_.t ': :· -· ., . .-: . __ : - -- : , ., - - - _.:_:_·;_ : - -:,· •:,;:: :: -.'-- :: , . .. ··:-; . .· r-:'.'.: ·.··,_ ·_, .'/. . -. : . _·. )-aa . wer1Nr.aa--:it t~roperatures · as · 1cw · as ;.. 5.cf::to ·-6ofc~;>,ta~a.ium . 

··_~ ·, i {~~._, ·;).·.::_:, \:'.-:.-:·}: ::-:: i-- ·:, / · :. ; ·: .· -~ .,; -··. ·_. _,-~,i-:_·; ·-.:-:,:: ··; ·_-:•·. _:_ ., __ ·. ,_;:: .\ _. ~. '.' ·-'_·-: : ·:" .. :::.;:?:~:rw;:-::/.:::?-i:': :· ·_ ; _:i\--:~: :"_ · ,:'.·;·/ .-!·~- .. ; , l 

hydroxide .. wris colored .yellow t with oocaai.onal patohes of . 
' . , . . :; ' . .. . ,- -,, . . ; . ' . '' ; ; ,-- '·; ' , - " ... ', ,· . ·' •· -. .- · : . - -_- :. ,. __ " . -·, ' ·: ' .i: ,; ._'. , . : '' .: .. ~_:i.:>::t ·.\-. ._. : / \\ '' 1

, ' ~---

' range 1. pota.ssiUIJ! 'hydroxid i> ·. was ~olof~d deep orange J .and 
cesi1uni h;~~xide ~as . ~ol~red :~ :dark . :t>r :4~~P red:; ,·_: 

:- . : ' ... ' ': ' . -, ,_' :,.::·; _ :. ·_·_-_•_;,:_t·~:·<·. ,_: ?-_ /< . .- _'.:- ;-: ';- ;: '. : !,'. : ' \. ;, -- -~- ' -~·:: ·(, :· ': . :: I: '. ' .· .. ,:::_:· .. ·_. ':.\' .. \/·(/•):.·;, t-·· ' ' ' '/.lJ 1·' _· :.~;.' ,., ;- . } :·-'.:: :·":,.S i .- '. ',_: ! 

depending upon ·the · 'degree· of: hydrat.ion ot\ ,the h9dro:xide . and 
, . .'~·•·:: / . ',·· . . --_- _,._, ·, '· >'. ·-_ _ :></~:·::·,,.,.,· .:_,·. ,·'i(!_\'..-/)i_-·?;. ·;-··-; \:_/'_:",'· .· ·_._·, . 

extent of· ozo.nizatiob.• Barium hydroxide:·'hydrate· was colored 
. . ,, · ' · . ,• __ ,·, 



a pale yellov!~pink und~~ ;the SlJU!l(f C)O~ditj_ons, ;,~'.~t, the 

. h.\ldroitide of l.1~111 qm, · · c,Uci~ ~ .~· mal!ll.;.~f lUA ,,wJ;s~tiS 

· :::~:::s~;~:::0:!::::~2:~;:~1:i~tt,'::~::: •· 
"':.·.:· ~; '::> 

Tb.e .'. (;lf'f'e6t; 'ot water :on the · 'reactloi1_:\v.Js ,qfti,te,',p;rt>n~\lll.Ot)d • • 
. ' ' :.,: ,; . . ,, · :• · . .•; •, ' ~-: ,' ' ·:•: ·•: ;- ·: .. •\··•' e' i ,·•,'.:~\ : · •/l ·, ' . ,/>: ... ; • ·,.:: ·,.· •~·. 1 

All of the hydroxides that were ,eolo~aJJt':bi~ne were fir~t . 
•' .. . ' ::.:< . ·. ··.· ;i ·. . . '.. . '·'. .. ' . ',;:~ ·, _,~··:··._ : ~;'.·.·-r:'.f{~:\{:~~-:-\-/;:;; ';:::·::. ___ .· .:~· . -; ; . ::·<' 

. 1i1:l1lized in hydrated tom. ·· Scxlium hYdrOJC,id.$, both : in pelle .t 

. and flake ~orm)\~as f~d to ~o~taia- b~~*~.lns $ ,and ·'10 per! : 
~ent wate;: byii~~i~t~ -pre·~~ab{;·1~ ':thi \~~i•Jn o.l ~he 'Intino• ; 

hydrate. The . potassi~ hydroxide \vhi~h::~~i i' hristnally'. used 
was ·found . to cdntain bet~,~~n {5 and 20 ,: i~f:ririt percent ,water, 

.-. •, - . . :, . ·>·:~.:,/•.·:: ; . ' ··: . _') 

and the ;cesium 11.Vdrb:Xi.de ,was present e~~{rely ·all :: -' the kono--
. /, ,{ ; ' .' ·• . ; ' ., ,, ... -,:.;>;'_•.•::_, . . ' . .• . ' .,. ' •·. 

hydrat~, . oontatn1ng between 10 _an,d :.if p~:;g~nt._.: ':~y . weight,· 
' . ·, . . ' . - . ·: . ; ' . ' .. ' t.f ', ' ' '· i ,:: ,, . . . ,• -' ·,· . ' ' 

of water • . The hydrated hydrt>t.ides w~fe:·:;:~·;en more readily 

attacked by . ozone than ~he anhydrotte; hye;fi:~~fde~t,_:i,_i.nrraot, 
. ·'·. , •. . . /, , '. ·•· . . ' . . . ,i . ' : .. . '<' . . ' " . ' ;, ' •.··•·•·.• .. ·.··· ' • ;, i , ... I 

the -dehjdrated har~um ~yd.roxlde .was 'no~ oolo;-ecf?;tkv ":tlie·; ozone · 
. • ·,; . • _;' : l': 

stream at room tempera.tur~f OA!l' the hydrat~d fo:rin wa.s -
affeoted. ·._.· r£ne' ·.w~iie~ .of hydrEi t -ion .was i a~i~k~ntly '· reiehsed 

' ::_,;:,_;\:·,·~·,.>.-. ~_/,· ' ·, .. .. ·· ~--·'' ._· 1/ .,.; .. · , . ·. ·,: .·:. ··, ... ·, ._._. 

during _the rea({ti611S or the' varioui:J •. fiyd~oxid.a . hYd+ates '"1th 
, . · - · ·. : ; · ... · ·. . . ·.. ··'Ci./·.·-,_ i,•. · •·::' . . ·. · · ··· · · ,. · 

ozone. In ati c'as~s 'where . the hyd,rated ~t~;ial~ ~are used,. 
a,_.ops .·•• of water ,p~eared along . t~ ~al.la /jf :t~e1\t~~sel . 

'·. . ·. ·, •· .' . .. '• "" . • . .',. ·>'· . ; . . .• ', '·.:\ .. _~;)}:"·:\ /:·,..:-: __ :.,_ ii-\: .'. . 

~ear~st' the poirits'. of g~eatest. 'oolor • . . ~i{a:b>tµls -moisture 
,. .. ' '. . ; • ' ' . .. ... ' . ..... . .i,:' '! . .- . ' . ' (' , • ·:·//' . . .. . ;:· ·. ·:·,' . ·; 

must have ''oome -_from the st~rti.ng 'matert~i G(la sKovnl by 
' : :-· . ; ::· ·. ,• . :--.· . . ' . ' ·:, .. · :·, . _:· .' .:· .. . :· . :··,., --.::~·· . . '·):(·?{/- '. \,:(·:·.} ·:~ ' -- _· ';' >:,::·~.: -. 
removing · ell other possib~~ aourc~s ··~t ~p,is.tur¢:, !.·•.&•• tlle Dr.f 

. ' . : ·,. ,, ' '· ' ':' . . .. . \" ,:,.. · ·, -.";·.:\::-~-- -:- . . . '._; ... , . ' ; ' . . ; .; .. . , 

Ice trap ·removed -all moiattire oom::tng '. frdli(the),tt,bzo11at;or":•. · When. 
•-' , , . •., .. r ·, i , . •;,, '•. · . ; • : : · I ' • " 



the ,dehydr~te~ · hytlr<;>:xidea::were used as st~rting -mate:rtals, 
the, dropl~'tJ..·o:r ;ater were ri6t}in evidetio;~_-, .Thi~ :fa;:t would 

,_ ·•··• : . • . , - i·:·· · ;' . . · · :.,'\ __ ,. , , , .. ::,r,·· . .,..?'· ·: -•-- ·. -- ---- .:: ._·.:. . .,;_ -- ,.... _:,:·_. /- -. 

lend :weight to th~ tllernfy) that the m.oistu.fe 'was: 'a.ue to water . 
: ,,- '· / ,_·_··_ .:;:.\ /_.,_'_ .-",_ . . .' ,-:·-.,·\.:,J.:-·•:.:: ·:·,: •,;._,· ·~· ,-: '._- ::,:•- ·,,·:-- -: <·•,•·· :-.:-· ; :" · _! :,,.·. . . 

or _ hydration' ·_ belng>liberated_-:dhr1ng. the _eourse __ /of 'the .»eaotfort • . 
B~r~unl, hydro~id~ octah;d;et~ was -.~~~Ya·r~t-ed _by { ~e oi~n~- · ·_ · -
• : -: ,, i :. . ,,· •'._, ·_-_. _ . ' ·. . -; ·. ,, :· •' ·, ... _ ·, ; ,·, ... ,.: , · ·.· ,> ·-'. , ' ··:• ,._: ,; . " j._ ' ' ', ;-: . • , :\-.'.:,}"-· ' • ;., . _, : . • . · .' ' :' • ' · • . • ' -'· .<, 

oontalrni.ngi oxyg~.n . during the ·oourae of t~i .~eaotio . .n; thi$ was 
• . · _ ' : ' ' • : ' .( :.•_ , · I ' " . ' ' • ., - ' ?Kt : ' . -___ -. ' '·: ' ' 
indicated by ,· a chMge trorn a · crystallinej::t:orm /to a powder· • . 
. . . #tho~(91 ~d~~uori ~ .•a .~olj e,p~~ai:}1i~ ,raV,rab~, · · ..... 
infl\le~oe: the: eo·urse of_ the ,:~aption• · ~:ie~aii!,r~ moiatn.t-e 

caused r:s~litni potas.stum and i·esil \ ... k2ion~t~~1' to, be< '. . . . '. . ' ' > __ · .. ·. ' ·_ ,,, ; -,::,·,,i ·;:, ' ' ' .·. . . ·._ ,-
qu.i te ~stablei_ \~1th the re:ault that' tl;~il( ()olorations soon:' 

.' ' .... ; ·,. "' , ' ·._ . ;/ ... ··-:,. ::- . . " ''. . " ':'. ,. . ·' ·."::·> :".. - .:· -.~·::··;) :'.'< . ". ! -.· , ··,, . . ' ·;_ ·: " ' •, , ·, ; . . 1 

vanished ' after the -source of, ozone was r~oved; sodiilin ·, 
' . . ·• " .. _. _, :, ·">. . ' .. · . ' ;. ,. , .: . ; .. . . ," _:_.: .. · .. " , ,: : ' 

hydtOxi~e •QZ~liate•, . on the otheli ba1\!i{~fprre~ to .be Coot• 
paratively, s;table ~Ven 1~ the· ptesenc~ ~;:·a OOfi ;~ider~tile ·_ ' 

i- • •• .. : ·, • ' . , .• • . , . . ;".' .... .. • .. ,·· .;, ' ' . . , . • ' ' "\ ' 

~ount ot. mo'isture.,. However,, when strfotl.Y anh,Ydl:OU~ conditions 
, :._ •:: . • 11• .. . '• ' 

were mal.ntatned 'by passing _-the .'oz6ne~containinlJoxygen, th.t'bUgh 
' ',i;!//:',\/,,:f;.;,•);_ ' - -' ' .. -· . ' _· ' . . ' •. . .. ' - < . . ·/<':"'i , ' ,,_; . ! • 

a eolwn.n o;r 'lllegnesium. perchlorate before .penni tting it to_ 
. . ' .. ' ' . . ·:, . ·.,; .- .-, ,,· .: . . . .. ,. . ... ' ; . . ; ' . . : .. ! , •'' . . . . '!'· ', ·, . . '. • . . .. • 

x-eaoh 'the hydrated ,hydro:t'ideS; ·. no reac~l~rl took place.:· C>l' at 
' . . . . ' ,· . ' . ' . . ,.. . . ' ;, . . . . .... . : . . , .,·. ,· ; ', •' .. ··,,- . ·. ' ,, . . . , 

least it took pl.ace .,so 1sJowly as to be wiobs,ervablef '.f:hi.s 

expe l'i!nen~ was: ·~·ep;ate'd ;;ve~al: \ time~ :~ .• ~~:r.Jg: ,the . b.9d ro~i des 
i '. . '·:'· ._'. ; .:_,• · ... :' ... ·'.'·_--; :' ' _,:': ._ ·: ··:·' _: .. :. __ ' ;, . -. .' _ _.>·::; -.,,-·· . ._: ....... .. :,~, , . . : \'.'/ '.\'·•·_• ::, . '1- ;_:•<_t·:··,~;:-,!\.·· ·::~.:_. __ ·, ' . . ·:_·•, . ·:_:> '~- _' , . . ,: ·. . .. . · .:: 

of a Odiwn, _ po tass.itim and' c,es ium. -and .. i.n . every _ oaset the · oomple te _ 

dryin~ of -tti~ ozo~e stream ~·~sutfted· '•ii i;{;ek. ~t QOlO~ation ' , ,. ' - .. ·. - }:, ·:) _· .·· .· . . .. i '' ,::-:/ . ' : ; : .· - -, ' 
oi the hyd:rpjitles • . ··In: order · ,to 1stabliith tha_t .this ,1.ack -Pf 

,. , •• ': · I ... . • ' s. . . .• , ..., : .:b:,i\ /··'•; '.. . ,-·.•'-, 

C)Olora tion was not d-U~ to ·, ~he a.se:ompo si~i6.n 01' t11e oz6,ne: b,v' 
". ' •• . . •\" •' _.. . ,I ' "\ • ••, .':· •' " ' t ·1 .. ·; ·. ·: ' • ,' • . ' •_;' );_·, .- :,._ \ , , -'~ •. • ,' '. _;,.·, ... .'A ,._;:•• -:' <> , . .... ,•:,;,- -.. ,,·_. .: ',, _- ". _ • •. , ' • 

magues~wn perchlorate·; -~he ·issfA11g ~a~es.:;_"~ere· p~ssed over a· 
moist ~~mple of. £n~ ~~;re~;~~d'irtgi:, hyd~~ic1$: or tnto ·~ -. · 

- . .:· ' ' ' , ... ... . 

~O'.\Ut1on ot potassium iodide. after ·,leaving the ozonizatio.n 



vesselJ'> that these effluent gases contained . ozo'ak, •,,was. 
definitely indicated · by the 0010:ratio.o. pf.'.' the Ji,ist 
hydroxide or by liberation ot i~dine , :t;-o~/ >.tha -: !i~:~a.ssium . 

.. · . :· . ·. . . . . _ . : . _ .. · ·. :·. -·:· ,·. _:}'-/;:<:·_:·_:· _: ··-_::rt-:_:: .. ·1_ , · ,.r 
iodide· solution, ,· depending u.pQ.ti the testr used. /.These obser""' . 
v.ations can onl;<be ·-expleined' ·on the·. assAifip~~n ·:\ llat ·a traoe '.>,ff? \ ,:'. . . •· '·.·. . ' . .· ' ' . . ''' 
of .moisture is rieoeflsar.f to oatalyze the: ireactic:,n .betwef;)n :, ' .. ·:.:;.:<;· ,;.-, ' ' . -' 

ozone a.ad the hydroxide hydrates ot S<>d,?tigif' potaaai,um, .and. 
. cedum, · No reic,ioh was.· no~~ wieJl , par~J!~1af ~ar~ was• 
taken . to ·exoiu·d~'. mo!stu;e: . p~rtiolllarly ,~,~~~ ·the hy.,oxJ.de 

. , . . ._.i':.c:·. .. ·:. · ; , ,' .. , . :tJf(;_:'.,:,.</·. __ :, .. : ·, · · :>· ,·· 
was "sandwiched" · between layers of hlagn~;s'.iiim perchlorate, 

. · · .. :_, .· . . \ _,· .. _ : ... , ·,• . . __ , -'.:::·.:t)})I\~<i.<:_ •_: . ,-: · .. ·.'._ •_.,_· :_ 
even after a period ·of oz_onization time '?p:t'· 4 to 5 hours. · 

. (}(~.:'.. :.·: 

The . a tabi;l ty of the. hydtratea alkilL metal ttozonates~ 
,'.;,I.:·,)\•? /' ;·• 

was found to decrease,, surprisingly en.ough1 'in >the order 
. .. -. ~· . ' ; . . ' . . -·. :. . 

sodium, 9esium, potassl um. 

"ozonate" was .found to. disappear within. a · te\'I ho\l~s titter 
· ozonizatlon a.t room tem.perature 1 · even whe.11 kep(irt. a oio~ed. . 
vessel, leaving · only a ~ale yell~w coior Bfter J4 : 12 h6~~-. . . ,_ . . .. . : ·/: ' _,• <~:.-__ .\•: ' •. . 

and this color also disappeared after two· or tts'.'fee q.ay~ • .. '!!he 

orange-red color of -ozonat~<l ceElium · llydtoiicie Jinohydr~ te · · 
. . :l '\· ' .,· {{f:-i-\>:'.;,J::::-/~)i:\V 

disappeared w1 thi.n a few days. of s~andihg ,at ,room temperature, 

leaving _011ly· a .vellow-.orange color. Th; 'correflponding 
·.:-:-· i ' ! 

sodium compoWld1 on the''Other hand, remain.~d apparently 
,_ •,; 

unchanged for a· period of at least a ye8r '.and half; ozonated : 
sodiunihydroxid~ w~ich had been stahctine:}i·;{;.' roo-rii ;temperature 1i" . ' .,_ . . _:~, . .."- ; ' .· . ' ' : ,-- . . ', -.- ·,·. . . 

a closed vessel . for 18 months showed no .apparent .l9ss . in Qolor 
over that period of time~ ,The de~ompositi.6n of' .~be oe~ium , . . 

' :;wo.i 

end potassium ccmpounds was retat-ded by 'lo·wer tampe~a.tures. 
•::-:•,:,.;· 



' The rate ·•at which ozonization of. t h~{; annyqrou111· 
. ) . :.•· ·' . •... . : .... ·. : . :, . . ·· . .· " _,r,:/:r' ;::: : , 

hfdro:xia.es p:rooeeded was :. qui,:te dif fererit , tiom th~ rate a.t1'. 
which th~ fei.'cti On Or . ,;~ne YW1th • tile JiJ ~ li~a J ~eiial,s 
. ~i~de '.. •• ; ·,hai' ~e~! :n~~~ii~a ea:1*~'.~l, ~~~ti11ydr~ tea 
hyd~:xides of sodium~;, potassium,,, and oe~ium wer.e eol:c,r,e~t>' 
· .. ' ._·:·>,: ;' :_\~-~)~:~j,\ (,f<::- :":-<·t.i:~1.:.;;;·.\·:-::) ·:;)-·:.:\· _ .. ';' :.:_·: _·; .· .• :: -.:·.•.-;::_ · :--~ · .. '. ·.. ..=~-r-,/.:\::c:;\r.;:·-~- ·:·•.\f~~\-i:;i{;;:;_\,:~-j;/.1i}\;: _·:·_-:_-:' ·:~._ 
almos~;•·':i:mmedlatel.y ·· by a stream of ozo.n~~:9¢.ntalttlrig ·'o"jygen., . 

.-:; .. · · · ·: . · · _ -· -: __ (: .. ~::_:_:·i: : _, . · ;;<:-:>:_ ~. - . <: · : _ ,, ::: ·: _ .:.. _·! ,_ ,_ .- :: - •. ·:.:·i·//tr\~/v.-::.<.:. _ . ·:.-:\;::_.-·.:·-/ _ -. _· · ... i· ·_, · -.. ·• · 

•·. pi-ovided t~atf ''t:ille incoming gases we1ie .nc,bt firstf iPaasea.:· 
. ,i_ : .. · ·:·:~-:~: - ··:\ .. : ·-:r ::.):\--_>·:- ·/· .. . 1 .... , -·. · ... ·: .. ·:~ ·: :_:_. _ ._i _ .. : . .... __ -· _ .·_·?-U/J}Y/\):~~-:\·.·· _· - :; .. ·_i/}i(r . ._._•<· 

'through $ 4ebYdiati,ng ·agent sueli as mag~~$1um perchlorate~ 

~rium 'hydr~: ~~/, ?otatqdra te was . .• • tl~ th~s .. 
condition.a,. 'although .not :$0 :rapi<.ll.y~. · T~ij;,."):l~h.Vdt-ated m.at;eria~1''1, :, 

I \ ' I • •• ~. I•") , • • . ,"•! . , ' ~ • ' ' "· ' • ·. -,--,:.•i?;:(\:~):;•• • ,• • .. • ,;•'i .. < • j . ,\ ,,_ ";• , • •• • 

.on the other hand,- reacted with ozone ~t.'-'.a .mu·ob. slower· ·rate;:: 
:<:\ :,;'·\·,r/ -~· .~ ', <; :. ·, _<. : ' ·. ' ·, ... ... · . ' : ::': _, '·. ''. ,,:· ·, ::: ':. ' ,, ·; ::_ ;.'_'>'.::tt\f/.f:_::'. .?/: ' ' ... J:'-~/:i,., '.'-;·. ·.··_'._ :;_ ·: ,_, ,. : 

iA faot, anhydrous · ba~ium,b9lti-oxide .·gaj~~ViJJ;o · evlaence of '. 

. :~:;~.~::~Q?~,d~:;dt~&~:~¼~~-·¥s~lpe:a~~t~ . 
.faintly . by t.be ~zo.ne after an.· exposure of,}_.jf1ve hqlira .,, Potase_ ... , 
, . : ... >\ :,. , :..;\,. · , ·'>··, .. ·., .. · .· ·••,; ···.···•. · •· .. ·. ·:. . .:. i, ·· . . <:\\i';:··:... · .>L·:.,., .. ; :. .· .. ·.····• · .... ·· 

ium hydroiidef ;,a~ter .. cl~hydratlon.· in a .stre~ otI;,:art•' ni trogen 
~t )oO~c•;. wa~ ii~r<;f~l~:1;· bit~ tf ~i,~~i,t~-~:t~~t}h~n .. 
the hydrated ma teri41 • · Cesium hydroiid~i Yi~te r b~i ng ,heated 

·-;_·;-·..- ,,_ i . . · _.:· __ :: ,•-._:. _ . . : .. ' .... - - ,.·, . ... •:· . . >t;· _·. -- ·,. _·;:_, .·:·._.\:f··_}./~()/;'.:-: ,:_::::,:· -: _1 .. ·\ir:.:,-.: ._~<·· · . . ___ ·: •·:- . -, \ 
ill 'a ·~ickel' 'crucible fn, ail inert atmosph}/fJ· ·: at 45'0°0 ·:and th ell 
, : , ,,:•, . ; ' ; ,i, . :' , ,) ., :•. : , , ' , \ ,; ,, ",·; . l .· ''. ; : ;/1};t:}\,; ,•.'•( ,'." ,•i ·' . :.· . . 
pulverized 1 ·was. ·colored quitfJ rapidly b}t\;;:t'h~ ozo11e. but at a 
p~roei>tibly' aio~er rate' than w~s .. 'the ~C)~z~;dr~t~·: These ol>'s~i--
;1~ '_, \ ·'.:···:. ··: ' -;· .. '._· .. ' _':_,.,_ ' ' / ..... · .. _ .·:•,\ .:, .. ···:•':, -~' _ .. ·· ... ?~-~??i'/\·\:.,,.\ //.;::; , <' 

vationij, .. lend added, ,veigb:t .to the postttlate th.at ·tnE) ozonizati on . 
• : ' ' '. ,' . ' ... . . . • . '• .. ; /,-:",,;:_. .t'",;.;J·, ·, ., ' .. ·, 

, : .. -:.; ::\)(fX\~ · ·.. . . \ . .. 
.reaction. is catalyzed by water~ , 

.- ",_ ·~; ··)· ·1 ' _· ' :, ' _: _ .... ? ·: '; \ ·:·_--.:_:.: '., . /~1\->::':~•.:'' '::.-,:·">.::"· . ·.' . ? . · .. ~~~--- _ '•-':_ " . . ;:,i~ .-/,,, ',; ·<. ·_: _; <,?-. ' ii \\/?\)~·-._., .:.. . '·-.-·;,i_. .".: .~ ·: .··. . . ' ' .' > .' -: ' ;· , .. . 
*Tne hydroxides . ot sodi.umr;'potassiu:m~ · a11d:: e'eaiwn were . dehydrated 
in a .,m.uft~e :rurna~e _at :2.so0 , .. 300,~, .and 4,'Q9~, ~espe¢tivel9. "<, :,'·. , ·. 
Cont 1.o.u.e<l passage of dr1r nitrogen .during ,J,th.e dehydration process 
.prevented both -absorption of atmospheric" Oa+'bon dioxide as well 
as attack of the ·oon.tai.ning vessel by a1r. · A nickel cruoibl.e 'Was 
us,ed to ·con tatn .the _hydro.:xites, · although:: !t was attaQked ~tp . some · 
extent • .. desium hYd·t9Xide, although heated in the 1.ne·rt atmosphere, 
e.ttaoked Pyrex glass and .silver at ·400~.;00°c to such an extent .- ·· 
that these materials , could not be used tpJ• conta~nera·, . .· : ' . .. ·' .,,.•~ .. ·,' ' . . .'' . . 



;;3 •• 

.An· ex.cessive amou.nt ;Qf moist\ll"e ptov~d to_C~e •as detx-1"" 

Jrientar :to the :producticin of alkaJ.Lmetaf ,;ozonJt'eitt as was the . 

oOlnple ie ;bsenci> Of wahef: iii tlib~ th,%~,~~~ i~l'f ~pQµn4 ~'414 ·. 
hot readily lose · 1ta . cola,: in· the .presenoe: of l\'. :·.:aligb.t e:itoesa . 

of mo,:8 tul'e • . a' lal'!!e , eXOeaJ 4~cploi,ized J# 4\ii ~t rapfo;r I tiu{ 
oorre'sp6nding .potaaalum . ~d ~~~iwn oom_p~~i~:f aEi:~~mp~aed ,..~ th·~,:. 
tuickly' in the' p~a~noe of even . a. s1J.g11( :\ii~~.s~· ;~l\vatei'. ·, ~e 
e~ten,t · to ~,;,t11e,·7eV;"je aPProa.ih>r!t;itozOn,izatf~ ot, .. 
. conoentreted hydroxide solutions, took p:i:;a9e was quite diff .. 

', . :··,: · . ·_ . ·· ._·. . . . _, ... \. ___ _ ·.-···,:·;·.J:'.':(+/.: .~ ... ·. ' ; ,. ., _._ . , _.· __ · .. - -_ ·, '' : erent, however,. Rigbly ·concentrated (laMJ' solutions of oeaiunf · 
: . . . . ·. . . , . . . . ·_.· , . . / . : .,,;H/?/:\ , . .• . ·. . . . , ., 

and potassium were colored yellow by ozo,h~-ioontaining oxygen . 
at temperatures of ~40 t~ ~59°<f~ . b~t s ~cii.:~ 'hicitoxi~e· soiut1ons ·. ' ' .. :: .. './·(\ <: :·. . \ ':·. 
containing 20 p~r cent solute 're!!lained unc'oiored at even· 

' ' •a }.\:' '., :' 

•-, _:·. _: . ' ' . ' ... , ,:_. · · ' .· : ' / .. 1.=):;?/i: •.'-:· ' _. \ · . . . ~-- .. lower temperatures.,* · 12M potassium hydro;r.'i<ie a'l)lutions were 
' . . . , - .. . . • . ,., .-; ··· ·,_: ... ,._._ -; .. 

ooiored. 'yeliow by ·tlie . ozone~cotttEli.n.ing ilt;eani at ·temperatures . - ;.. .. . ' . _-",/,:.':-•'/ .. ., . ' ·; 

as high as -,,0 o~ /bu't the , corresponding<e~~iwn·J1olutic>ns were 
. ' · .- . ... . 

not. colored. until . a temp~ratttre . or' ~5l,5PO was reached~ : The .. 
. ,. .·r • . . ·' ., . -.. • 

;color ot ' thes\3 solutions 'ru.sappe~_red ,when ' the t:emperature w~s 
. ' ' ' . . ... . ' • . ' ~. 

p'er.m1 tted . to . rise' above:: these . valuee\. . wh~~',. th~ ·temper~ture . 
was ma4ta;'n'e~(l>eiow the·s·e . values~, the . ~'.iI6r hr'::, t~~: solutions< 

' - ! ., •. : ' 

pers+s1ie~··tor, 20 'to 30 minutes after 'r~oval .:oiJhtheYaburoe ·c:,t . . . ,:_ . . . · .... > :_ . . •, -•: ·. .. . " . -;·: . . 

ozone • . In.· every case, the _'oolo.ration w~~;' .. p'reced~d b,1 .. a pa.r~ia1 ·• 

· .. '.· '. · 1 • 22 · . · . . . . • . . . . · . • · . · · . :' . , · . ·. · ·. . ,.; · · · . . · *F1.oker1ng has reported · the lowest eutectic temperature of a 
·sodium hydroxide-water .. eyste~ ,as being ..;:,2°0 {lt 'a. · ()OliO~llttation 
.o:1' <20 : per cent sodiu.m' hYdl'oxifle. ·. uo:werer;.•a.20 pe.r ·cent sol-
ution · ot sodium hydroxide w11s,; made to -~:xist fi~ Jow. as· ,•60.QP, 
without f'reezing 1 by cooling the solu.tio.n gra.duall.Y while ozo.ne-
e~ntalnin.g ()l{ygen we,s ps.ssed int.o the.· solution. · · 



54. 
o.rystallS.zatio.n Qf Jihe solt1te. but , of the solution as a. result 

of -tl::t~ ;,~~l'~ase~. so~ubllJ tt. at 't'hese · iow · ~empe Jk.tures. . This 
, indi pa~e.$!f\that,. the . Jo1·o~~iofr· may :po~si. blj 'nave\}been due 'to a 

.·· ,reactibh:: b,t\~~~;·,r~'one, .· .!$cl t#e ,:>sua p~ndeq. ;'(~bl 1&'if ..:;;;iiolee. 
' I ' . 

.· '?.be '\:St'f°E>Ct :bi' 'temperature :O'll both t#Ei:,,roriiilit1on ,ana. · · . . : ·,.,,, <· .. · · ·•· ·· . · · ··_._· · . ·•·• · '•.)x::;.t; · · -·_· .. ··· . •· · · 
d~·c,om.po~it:tQn: . of the · ttozon~te~." . was.touni/:ti>: '::b~ qu.i.te oo.nats~ 
, •·. ' .·'. · . . ·.• .. .. • . '': . ·: ; .. ··' .·· . ·•. ' ' , , :: ; : i'1t}g;;;;- ·· ' ,,;;;. ' , ... i: : . '. > 

· tent with t~e ',expectet'l' ki~t.1Q t).Spects .:<>fir;the.· p.toblem .• ·. All ·. of · ..... · ·,-.·_ · · .· ._ · -· ' · . . . :-i · · ·. · ... · · . ·,.· .• ···_ ··. · ·r\·S:~.:.\r ·t:• · · •· .. _ i . · ,· 
·_the alk~l~ •. metal\',tt•ozonat.e~.ff•:.dec()lllpO,Sed '~\\Ju·ghet .temperatu.r~s •, 
\vltll the de~OG11roaitio~ tempe.ratt11/e :1nor~: ~1ng1 r i ~ghl.y · in the . . 

' '.. .' .' ,· . ' ,j ' . . ' . ·. ·, _.;·_.(:':' ' ' '. ·. . . . ·, ._. 

s.ame (1~ij•r0lii! , tb.e atoiid.1) we 1gt,t Ot, tlltl ~~il•• 1;~ ,-,11t~er WOfds, 

·the · ~e~lum comp~@~ waij only ·$l~wly :a~J~ posed ~ith ev•olution 
• ·. , , ;• ,H • , . · . • . . •.• · ,. •. ·.• · . , .. : ,.;, ,, .'• ,. · . \ .. . ·.. , -·i :_'·.·,::-,< -. .. ,\··, ,· ·.. ' • . . ' 

(?:f' :,oxygeA av th~ tempera,ture of boiling ·v,a~e:t ... , Whereas the ' 
. . . . : ' . •· . ·. .. ' . . . ~- . .'. •• -;.' :: ' .... '( ! ·: ., .• .•· : . • ' • 

so,diu.m compound. t\eOO!lll)O~eo. •' xnuoh faster ·• at'/t,hi a , \emperature. 
' . . ', · . ."-" ' . , ·:· : :•· . . ... . ·, "<:, ·.\·::(/'-,;. :,:: < ;.·,:.' ' ' . 

The ' :rormation o{ the "6zonates''.·a.ppe,ared: to 'so ta~ter at roo.m: 
' ' ' • ' . . , ' .. ' . . • ; 1 . . . . . ' - . : : :·· .. ' • . • \ • 

temperatU~/3·: .th~ri.'\'~t :'i<#iel ' t~mp~ratures •. i've'n, t~ough i'11~ ,ooior . 
. . •. ' . ·,,-·:· '- · ' . . ,· . • . . ,: :, •,; ., , '· · ,•,. . . . · · . .- ._; " ·'' . . ' : . . ·., ·.' .• . ) . ··. i "\: , ,::,:., ·. >:' ' :· . ,, • ' 

·· ai sappe~rid f.(is)et \"~e.n .the , o~Qne . a 0\\.1:'<le ias refu'o'Ved., · At 
·.·~: .. _.:··' ·: ·:·.• ~-)·:··.·:-,.··~•:.:_:.-• _:, .... ? .. " ' ,,:: ·:_-,,: ',_• · ... •: ... _ .. .. \ ...... ·~ .. .. ·., .··. ,:::.:/~.\;.::::-.... -:-· ·· .. ::.: ··, ; 
tempei-a.tu~es ·. beiow :,f7Q~c,·; ;; the reac,tion . w:aa .. ~O :a.low ,as, to . be · 

... , ... ·/;·'•, ,, .. ·~·•·~-.: · · ;.•,;"·,; ·• >. , . .. ·.,,, .. 

in the· com.poUJJ.ds·· that were formed at ,. theae temperatures • . This 
, ·, ' •. :,:•;' ,. :.::. ·; •: •.•.t:\ ' , ; j ,,_./>:. ·• •:· .. .. ,, , ; ., , · ':' .>../·\<••:.'· : ,•··.. . .. .: ·, • \ , ' 

mu~t mean that ,the formflt.ion a.nd deeomp'6a1tio.n 6:f the "ozonates" 
.· " . . ' •' '•' ·, . . ·, .. . . ).>" ·• ' ;. ' _\ ' ,. ,. . ... ' 

are ·09mpeti.t1g .reactions,, .the ex~t,ent oi ·-t~<>oit? ·• ot eae~being 
.... , ' " j • ' ' •, 

. . . . . 

re~ctlo~ waa p~t'I!iltt;d,: to pto ee~a.: :. 



Ob,emica1 :lieactibns . ·.2.t·the tt()zonta ''tes" 
The; oz,o.nat~d. hYdr<fxid;s 'of s:oa.iumr :ptj~aasiuia; c'eaitim 

. -. ·._,_: :. _' . .·· ':,_::·_:·.·i ·, '· ?_, . · .. ,-__ ... ·, ,t· -_-.. _-• .. . _ _ : :.:· ·:·"~) _,::·: ;_,. .. _·_:.:··. :. ~ . ·-:-·: / ./ .' ·::·· ,;:_: ,, .,: ·• · _' , 

and · barium . showecl very li·ttle ohemfoal ' aoti'ii:i tyJ . t ·h~_fr: 
'· : : ' . ' ·,. 

'ohemical · ~o-tlvi ty appeared ' to he{ ·co.nfin,eci: ltir~eff to ' 
:: J' •.· : '_ ·i . ;, .·· ' " .'..:. •. ·: .. ·.· .:,:· . -~ ..... ,, : ' :· __ ._; .. _'.;- :1- .· '<•'.(\\':: _·· __ ,_,. ·:·.:> •:_· <·:_: ·. -~-~ '.-· _' . . 
decompoai tion reaction a : or to reacitie>ns i.i;tvolvfng · the u:.nre~ 
ioted h~d ~oxides·~. :T~eY 'dl.d ·n~t ie~et: \liliK p;ri.dlne~ c:arbo~ ' 
tetr~~h).o'riae. beniene: or fil.rixan:ef.e coi~l.' reatition between 

•. I ; ' , • · I _l_ ', "• , ' "~. ' ' ':, .: ; ' , ••• • 

ni t:r:-ob~nzene 'and sodium "ozollate" was pro'1~d ·tof:;'t,ij fu~1iel;Y 
:the reactio'n 'betw~en ·111 ti-ob en~ene f3 !1<1, ·sJi1'-l?A· lii~~~ii~ei 
Simiia~i:v; -~-· ~olor· ~e·aetlon: ;with ~t11;i i{~ii"ol :~~Ei~~~:. ~o 'bl:) · 

due to ~-d6l .,(londe~sati'oil with, aldehyde fm~urit~ij; ,>·~i,:;;;th.~ 
. ,·. . ,, ' ' ' • . ·,' ··•·" ,'. ' ,. ·•· : .' .. : i 

alcohol .• '' 0 Tb_Ej' 0 oze>nates•t a'ecam:p·o~ed With ·."evoihtt'~n ot, oiygen 
• . : .: , .- •: , . I , ' . _, : ._, ' : ., .> __ ' ,· ... -_ . _ : . _··:• . . _:-_ _· _. ·, . •·::~-.{_-·\>_x:.·.:· ~-.. j -. _ -:~\<_:'._,:• '.~.. •·:;; .. i·•:: _ .· .', . 

when heated t6 high temperatures·: or wheri 'add.ed: ::,#o wa.'te,r or 
, . .. ·• · . :t:• ", ;; : ;:, :s:f-: ·.·· i, . ·• t' . . , .'•···• .. •• . , , .. : . ·• .. •:;s\ ',a' / . · ,\fi(>\•C;\Y·_· _ .. · .aoia.. 't11e'•O.rate o:t :c1eoomp9s:Lt1.on. · 1rr wat'~r':be:iins ·Inverael.y·· 

_; : , .- • , •,_, ,-,_;·:••.>_··•; ,':::_;:;.:_{::.' ' _\• -' ' ', ;' ', _ . . -'~_:·, :•·: ,._ '· .,,.. -• _,_ , '. •_.,,_ ·•<:\~?/./::-.:•··',.,_,_,,::\•.·•,· \. ' ·.j _. '::' ·w :.· .. ·,, 
propcrti'onal · tct 'the solubil1ty- · o:f 'thE) bJd)~~"Alde} ·tr~fk the 
- ; ' i '\"' . :-. ... ..... ~' '. ' ·, · . .. . ' .. . . . ·,· ·:.<:·),)U,}'::~<:: ·-\ . • / ; -~ ./ •'~ ,·_··--, 

svdium oompou.nd decomposed · the slowest 9:f;lu:1·, and the' 
• ·_- · :;•:. ~·., _ ,., • .-. ·· .~ . : ._ ... :' ,.'· ~-- • • _:-__ .· .. ,_ .. _,·:·.·'. .. >· : l_,'./t'..:.j \t/·_\·!':t ., ,, ··.-_·;·,:-_: .. :.,/:1 ·:'.; ,"•:;'_·_ , .-. . 

cesium' n·ozo.n.atett deoom'pOsed ' th~' most rai>Jdii~. .lt.rn~ glowing ' 
: .. ·• .. ~·:_:._ ·.;_., ~- -::•··:· . . _: __ '.:.•_1_··: ,:' .. ·'. ,1 _· ·, .. : ·. :'._ .\·.-· - .·:,_.:·j~•(\\\·-.(:i·::·~·:: ·.,- _//)· :·_··:;--- r . __ . ' . ... ,-·,·· 

splint test WafJ • 11'~ed t9 deteot· the 11hef~~ed. ox·ygen; tes't~· 
wi.th ··staroh~iodi.J~ p~itlr · show~d. ·· t~1/i~1k:};{i~e~atecl 1~~-s~s··a~d 
not contain '· ozon'e.) :'.The; reaction';~ith {~{Ji::f1e)i' po~s~;itim. ' 
!Odi,de ao1'Jtion'·\1!i'tte;ed wiih _'.th~ .a.irr~i,·t~ >noz~nat;~tt; ·: 

' , .. ' . . . .. ,, ', .. .. . 

·_ •_ - '.<·>- --.,~' .. .. ·.•·. _. : '.", . _-; , __ . : , __ ___ , ,_·:_;:-::/ :<·- . •.'. · :'· . ':.·:. ; .. ... :. ·.·· 
cesium nydroiide_ m.onohydrate vihlch· had b~e.n. ozonated a·t ' ·, .,_,_, , ._.,,--. 

room 'temperature liberated. t a", srilall amoilii,if .bf ' fr~:e .. iodine when 
added to ' acidified ' potassiillri i'odi.de ~01K\J{htf: 'but' ~-s6111ewh~t ' 
'la;g~r amount of iodine wal :o·bt~frted.,wh~~•:.the tl:?st waa ,run ·011. . 

, . . . ··:. : 

cesium· hydr1.)xide which had b~eh 'OZOn~ted at. ~bout -~o0 tc.,_ ~4,o0 or 



and . an ev-en arnaller amount ofliodine was<torm.ed ,.when the 

test was rn.n ·.on. cesiu.m , ''ozonate",<'whic'h had. been preparttd at 

,60°0, - . ;In ea1Ch(:~:s·~~-t~ .. t1ozon,ate1' ~as ,~~ihed ~~ll ~-1th ~ry 
.- o~yge~fit~ •.Q;de1•· ::~; ~alte oe;,;in that _.no i~~id·u~t·; .. \QtO~t·· : 

\ · ·· 7 .. : <, :_:, ·· .:'. . .:. -: ·:,\:::- . . -: . -: - . - ·_ · . _ _. - · .· : , /. . ·· ~,./)\J{/I\:: ..,. · :: ,:. (-!-.{::\.- ;_:/ .· _ -·< ; . .• 

J;"emained. .. Potas$i um hydroxide w hioh had,: \t>een tteated _ wlth .. 
.>Yi:}:•:-;_J.~'. •; ; ··. ' ' . :•;· \ I • 

!!Vf 1!e••r.t~~1ft~i'°f Ygefl at. rooa. t era~~ J li ~ate<\ a · ,rery •b~relr;f ep~t~M't, ~~~t of i~i&,~tr tn.e ~- ··. 

conditions; in fao-t the· iodine _libe,:oated':~lla detected only , .... -. , - : ; : : : -;,:,- .'·. , . , .. ·· , ; ;'' . . . - ; : , }{'A\}\ ·/ :: - . , • , .. --• . , 
· by comparing thtl i-esultant color with. th~ <co.lor of a blank 

. , .. · , - · · · - , · · · · _. .. · . . ·: }' ·,: •. · r · ' - ;•:·,_-/·\t \-->-.i· :i>\:· 

conS1st1ng ct .. an tequivaient .. amoWlt of .n~rtlbzonated potassium 
·:-;-,:···\ ,:.·· :i· _ :· _··- . ·;:·>\.<\~/:·: ·: . ·:,- _-_, . . ·.· .· ·. :· ."_·i~': ·, __ /_· .· '·,··_;·:>"\r\/).~·:\:' \·: . · ... ::::,:::_·· < . _:'.· :_ · . · _,\ 

: lly~oxide .in _an -identioat _amount _o.f aoiclitied. potassium iodide 

·so:Lut-ion. : t'A s!mila.r •bl~ .was ·~sed 1n;i{~~ry . o~se where_ the , 
. '< :,_· __ ·:. _· -_-··. :,'._ ·:. :_·~ ', . ',_ ' . .. ·_ . . ' <; ·~ :-:,, .•. _-· . _. / ,.· ~·: :,,· ':. -_-- '--:'· ... ·. ' ' ;' :..; . :·. __ :/_:':/}/_{· : '' ,; .,--~ :_;<\: ' ' '·: : . 'i . : ,;, ~., 

amou.nt Of iodine libe.tated. _was small.) ·./f .otass.ttim hycl.ro:xide ·-
. . . . . . . . . r _ . · . _ .-- ' · , , - •. . - ··· ... ·. · >, . . i ·. 22;!.V . ··• ., - · .• · -

. whloh had peen ozona'.te<i at about -50°0 ·.~i:berated : a conaider~ · 
, • • ·' : ' ; C I ; .:·,;: -:~-

ably , large~ . amount et · 1odine; but •. soditllll:;)ro·zonate0 .• failed 
, , . ; ' <. :< • .. · ; • . , ' .·. I . i t . . ·.·,• . - . •, r ' ' /• . . -.. •,: • . • .. ·. , 

comple:tell.t •··t?·· 9xid1ze t\Cidified _potassium iodi~·i;f tµi's 
. ·( ,· 

obaervat1:o.n was repeated with different samples on at least,,; 

twenty occasions i.n order to definitely .establish this ;fact. 
; ' .. J \ • ,• s ' • '; , •,, _,. . , , / ; _~ .'', .-,:., : , ,', ' -;;. ••. I \ 

Only a very . faint -trace, of iodine was noted tift~r. addition to. 
• , • • ' ' · ' ·· a/ ' ·· .· • 1 • 

acidified potass1wn iodide s:olutfon'afsodium hydroxide w!uch 

~ad been e;po $ed, to ozo~e-c~.ntai.nins oxygesi J1 ~-:-;o0 to •60°c •. 
. .. •; -.'.,;r>:: .\\- _._. _ ' 

> (In. ~vert case, _ the. resulting · solution w;s _ tested .with litmus 
., ' •. ':.· . .,_ · . ' ; ; .. ; ' .· . ·' .'· : ,_·,. . _;-_) ·: :,.,: .: ,_ .: .. ·. ·: :· . ; : ,.-·. " ' . '. ' ;" : \ . 

papef·· to -make oer.tain • that the'.' so:lution :itas acidic.), Sodium 
.. ,. ,.,. ,: :, .. , , .. ·, _..,, , ,: ,;· 

"o;onate• w1li9h hjill .. tlpparl!ntiy r~ned.~~abli> for . at· lea$~ 
_ a ;ear -·~ a· halt ltb~,:~t-ed, 11~ -. iodine r)tini cioid1;1ed po~as~ium 

. ' . . · :. . ,-•,•, ' ' . 

1odJ.de, so.iution. 



In almost every instance where the aotion i>t the 
.·, '· 

ozonated hydroxides on e~idified :'. potas~iwn iodide . solution , 
. . ' ; , . ,: 

. was :l,.nvestigated. : a. !~pe~.ific ,test ,for ~re>xide :Was con-

ductec\ on another po,rtion o~ the '. sample. :•/.A.~ no\ time, 'w~s a 

positJve .~roxid,e .!i¢st ,. ~bser1l'~d on .'.s , mp~~~ .~1' . . Sbdium hydroxide 

~ozonate"~ eith~;· on · ~ainple~ wllioh had ~:~;~cid for eye~ a ~ear 
' 1:··., ····.:,:: ,,.·: ·i, .: 

at room temp·eratu.re . or on .freshly p:repar:ad Samples • . Part...;.· 
' • • > • ••. • • > .• ., .1 .. ' ... ' ' ' ' ' ,{. <: ' ,, ' 

ially hydrated potassiwn hydroxide whiop:, Jiad been .ozonated . 
.' ·' '· ',• . · / 

at room temperature gave a negative pe1/oi£~e immediately 
' . ' ,-• • ,, . ·, , ~ .": . . ' .. ·. I . .•,.._, '·/:)·\tr_., · . .(:..:.,.·-:·. ·. '·, ·.:~. _, -· . i 

a,t'ter preparationl the · potassium COlllPOwicl,'(deoolo,rize~ so .. 
, • . . ', i ' . . ' . ... • '.; ; \\-:, ~· · ,· , :,· :.·.- •. ' :· -: ,· · · : . 

. rapidly upon stan~ing, however, , tbat . . ~hJ .;.resµlt~f of p'~rolf.ide 
. ;, ' ··,, . . ._ ··: :,·::\•>-';:: ' ·- .. ' .. '; '. ' ·. . 

tes~s ''were.,.n,;>t oonsideted, ··repre$entative'~\:- Ozonl ted )ce~ium. 
' : :':. :_:} ·;'· •' ,: ' 

hydroxide monoh,Ydl"ate ' gave a neSative pe'f~xide 'test aiter .. . 
. . .. : . ! . ·.'' ' ·. :· .• . ,) ,: ·: ·., . . ·,. ' . , ... · ., '. , . 

standing for a we~lr) a~ . well . as .tnunediateiy after p~eparation •. 
(Somewnat 'idifferent behavio~ was noted ,1~ the liquid ·ammonia. , . 

• - ' • . • -~ . . . • • p • 

extraction studi.e~; these observations ar~ described in the 

1'olloV1ing ,section.) ·· 
' ' 

. Again, as was ·the_ case with the iodide tests, these 

observations were. repeated well over t1,\ienty times. usihg two. 
different peroxid.e tests, .in order to det'initely estiablish . ' . . , . .; ~' . . ' . . ··:.~ ::·>:' .. ' ; '· ... . 

. , .,,,_. _· . ·: 

thtl a.bsence of peroxide. ,.That the : teats . themselves were .not 

in er1:or was e~tabliahed by 'adding ~ii~ o; t\vo arn_~l granules 

or sodium peroxide ' to the solutions ,whioh remained atter ,., 
. . ' . -· ' . , . .. ' • ' ' .. ·! • , .- . ·: . ' :.; f_'_, :···. ' ·, · .. 

. . ' . ' ' " ' 

running the peroxide tests on the "ozonates''; in every ~ase. this 

tiny amount .~·~ pero~id~ was ~uffi.<:ient ~t'OclU~·; . ~6~i 
,: ' ' ; .---- ·-<•··'.' . _. ;; . . . ··-~ -~- '. . ·_:.. . ~---- ,- . . ,· : ' 

color teijta tba~ a ver9 large sample of "o~onatett oou.ld .not 



· produc~ti •; (the resµlting . s~iu.~p-~ were eil~va.v$ i~eated with 
litmus' bec~use the 'tests will ;n~t work ,~J alkai'f~e; or -neutral . ·, . ·, ·,· ' . ' 

. Tv,o ·specitfi; tests f ·Ql" 1}$r()Xides .we~e :iused{'Jnr,>u.gbout 
thic o\l~; •Lt):!1~; PeJeohromii ao14 teQt:f ~~~Pab~i ot'~eteoti~g 
·o.a. mg• !f ~ro~de in ·oonoentr~~ens ~ri:itJi~\lrO~l per ~~t1~? 
consis •• ted Of ._· a1sso1ving . the ___ nozonate•u· j.nf;a'ri ' exoiess of ice• 

t~.1;~ri~ ,.r:f iil~ins. ~ne, 4,rop of S'f l\i,~f f ~. cent · . . . 
potassi·tim .. chromate .• solution Md ' adding ;~;~Mr·\tq··exttect any 
per<:~rom~e ·eci·at,: t:iiat n;ight be .: tct'rmed~· :-~h~~\}'..t'2,J,: tlle.·;~rtittlllicti 

' -,, __ ·,_·~- --_ :'i ';"·:,., -.--:-:·. ~·· ··,, \·.' '::·i--, · .. '. ·' ' ·. _ _.- -- :,:_: 1 
,- _ •, ,_:1,. i\::,::(:(:){{;~::'./. ·, , . ,_:::~ "-'·_··-:·-:,'.· • .. \ :i: 

acid test, capable ' of _detecting _otie parrjot pero~ide in 
1i 80;~ 000 , 23 1iv·ol, v~ m~ r<lly the add i ... small ~unt 
of a '~Ol~tio~ •oi:,ti·tan1uni(IV) slllf4~e**i~kt' dilute sulfuric . 

' . -.: ' ,. . ' ·_·., ' . ·.-, ._ ;·}[}:~f;}f\·f_·:. ,,_' · .... _' . . ' ' ':.' , ; '' 
acid · tti a col.d • solution of the :0 ozonat&,, :S)i'n an <excess of· dilute 

' < :•\)f/, :,; . I $tllfµ~!1,e;rt~!~· The perchromio acid eth~?solutt!n b~$ a blue 
color Which '1a . visible~ in' dilutions of • 1."-:1n 40 }6bo24i:i: howe~er: ' 
the pe.rcll.i-om1o acid 1s qut te ·· lttls table ert.d decomposes 'quickly · 

' ' , . / _ ·. ·, ·.· . · · . .. ' 

in ·. aqueo\ls solu.tlo.n·, . whereas the pertitanio ·,ofd is a. yeliov,"" 
o;ange ~ompound. wniqh is. ;'insol~bl~ ih etb.,r but is muon more 

·, ' ' ,', ;,- ' :;.,' ; ',•; · ,. ' 

$tabie in aqueous ·aolut1t>tf than is the p,rdhromic acid. Both . . . . . , . ' ' · .. -. 

testa .are spe~ifi~ for ,per6xide since the,f.-ihvoive . the replac .. . ;"-' , ' . ' " ' . . ·• . . . . ' -~- . ·,, .'' ·., ·_ .. ,\: ;, . . . , .... -·_•.-:--:: ... _.:, .. ·· . ,:.' : ' ... \ : ... ,_ ·. _. _.·. >~ ,;·}_{.}:(::_.•.->·<·\·>. ·.-.· . ' ·-' . . . ing of an· o;xygell __ atom in tfu,3 respective ·rcid~ :by a peroxide 
group25: -~athe~ '~tia; ariy increase . itl o'xi~~iion ~t~-te of , 'the metal, 

. . '. . ,' ·, :-.. ' . ',. ' ' .· "\:\((\\:· : 

*The_ formula . for perehromio acid is, m;<l~ftain, but the most 
-~~only e.ooepted fomula 113 B2cr05• · ' · 
**:'Prep$;ell bf ' tusih~ tltaniwn( lV) oxide,c''.t,ith potassium pyro-
sul:rate and dlss9lving the rnelt in cold /.sulfurie acid. 



59. 
Since· no peroxide : ~as formed · v1hen th,e fres'.bly prepared. 

"ozonates1t ~ate dissolved .in cold~ dilu~e su1rJ~1~ :f101ef~ the:. 

'nypotheai.~ of B1e.ve·t- ariil vil.liger2~ that :t"ihe- ai'.f~~t pt-~duct~ 
. . -i ' , ~ ·,, • ' ,\ 

)/:: ., · , 

of ozonization of. alkali metal-hydroxide:( are >supero:xides• 
ls open to · quea;tion. Furthern1ore; 'sampie~ ;O:f J:8di.um nozo.nat'e" · 

. .'./,-fi .. '.':· · . ' . . . ·' 

,ature to,: over l:k,.Yea.r did not give pa:J i#tfe':.pero:xide test-a; 
thereto.re~ ,' these sµl)stanoes cbuld :not. 11Ail:::1'.-~e:ai-1~g~d· ·(or ' 

. . . . · -. . • :_::_ ::·., , :,'_ .· . . ' ." · - ' ,,', ' ··\.>:':/\?(({,:·}-"'; -·; : : I -' ' . • · ·.· ,: , : ·: • . · . ;• • ' 

decomposed)," on ·$tanding at room temPerli;~U:re, : to .sodium aupe:r; ; 
oxide. The n~g~tive peroxide tea~s ob~:.~~~-d · ~rf-s~pi~s ot . .. 

• . ;,· I • ·• ·;.:. 1, ;·t·;:.1.:., • . 'It, ,_. 

ozonated potassium and o~aium hydroxides/j&liio.ti haa stood. •at 
; ' ' ' • <-,. , .-.·.,,::•·- ' '. • ' 

one ·o.r two small granules or sodium: per6iide is· sufficient to 
• l · :. ,... ., ·::,(>•_\:.:,:,, - . 1 

give a yellow , coloration with a solu-tion of 'titanium(IV-) 
, . . .. . . ('' 

sulfate in dilute sulfuric acid~ 

.Comparing the results of the pertita.nic acid (and per~ 

chromic ac1d) tests . and . the ao1d~:fied potassium '.t~dide . tea ta -~ 

one is imtnedia tely struok by .the tact that ·the ozonated . ' . \ ' ., ' ' . ' ' ' ,· ... ' . ',·, ' ·, . •, , 

hydro:dde:a of cesium and potassium contain e. compound which is 
• . • . , • · , ; . . .. > 

:·,·;. 

cf sufficient :strength to e>xidize hydriodio a.~£a, but which 
. .. . • • ·, . , · . j 

' ' 

is ;nei tl1e.r· pe:r:oxide nor super oxide. ·. Some addi tiona.l tnror-, 

l;9ati,on v,,as derived from the already me.tition~d ex_perirnent~l-
obser•at.tons .· tha1; . ozone-treated sodium'. hydroxidJ evolved ' .. ' . ' '. ' ' ' . ·-. . ;_:.~·: ·/\!/: 
molecular oxygen upon deoo.mpositton ,_ but di~ not oxidi~e 

• < • • • I ! ' . • • ,, ' ' ," . ' , •·• ·,_•;_< -,· .• • • ' ' 

hYdriodio acid and gave negative .peroxide trastsJ although 
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potassiwn. 'and,· cesium r•ozon,ate~'· 'which.1g1.4 : t)eeit :~~epared 
at roo.m t .~1peratt.tra) !iberated small quart)~lties ot~iodtn~ 

' ' ( .• ' ·1··· ·. ' ,· . • 

\Uicle~ :t.n~i same: cona.it1ons, . iow ': tempera,tuf~ ,ozo.nizati.on, o~ · . 
. ' .· " ! > . ' . . . :._ ;·; · ' '. ' : .. . .,. ·. y. _:·_: :,. ·. :,/ . ' -: . . , . '.:"',:(:\ :.:., /> >" . :,:-_\i:-~'. .; _. . , . . \ ; 

. these hydroxidee ·produoed '_t,.ompoti.nLW , WPiC!;, S.ppeereo. :' to be . 
r1char ,. 1n -.·~ .su~atanoe Which oxl~ized ioc1.t<il1oi} tn addition 

· : · • C : : ; ,,, : , ' • ,\:.<'. '> •,· •/ · .-.- - • I • ,,., '• ,: ; . • :.,,_/.·,<:;-·•.,:.;'."r'.,_: }\: • . . • • . • .... . :.,_; 

to t.b.e.se.·· ops~r-v~t.i?ns~ !.tt we.a fo®d/ tna1{ /t11Q solta~io.ns which ,. ·, . ; ... . . ' : ·. . . .. ' ' . . .. ,, .. . ·. ' . . . . '. ' ' . 

ramaiiie4 atl,er dil!f!i)lvillg ,d~; .. ied Oes~~~~a Jt(4~8 iwn 

~~oXtder +4 ·?t~f Qr ' f!C;~ ~01Uti~ f :~;:~thilmi~f;:;, eapa~l, 
ot. onclizing acid.iti~. ,po1fas;:iiU.1i:f_ ,iodide :,:g:r;>laµon. even . 
though.. the ~orrespondii~ :sodi-~ ;~l·utit>h~-:'.ai'~ nc;t allow . ttl1$ 

, , .. r ' . , ·. \ ' , ·:. ::.- ·• ~ :: , · •• '. ' , . ' ' . :-." : ~' ·:-.'\.,,'._,.;/:;: •:~\ · ', :;··· . <,:;_ ·' • 

. t.vpe ~t J.> ~be.vto~·• s91~ tiona i:, t tti~ •· ttesaj;t /pt~p'a:rea . ozonetes • 
. when ·•tested ' i~edi~tely. af.t~~ the •iolu~:e/:iJa;·~fa~oived~ did --, ,· .. ' ' . . ' ·. ·,· .. _ ,, , ,/; ·· :: ' ' :.:.. ·. _ , . . ·: : :• ,._ .;: ·' •' ·::•."·.'·.(:-.\~ / '. ; ·,'.'. , . . ·. · . ;, 

not contaill. hydre>gen p~r6Jt1¢e.·> \VheA tnl,fesidue remaining 
. ' .. . ' · ·' <, . . . · ' ,• ··>J"\ ::;./, , . . . ' 

aft~·~ ~e'O'erai :: ,.repeated.' ozonizat!o~s. and;·,:tJq11id •o.nia 
; .. : · ·-· , , · :. :"' ;- ~~-.>•i1.tr_:'._ ': . ..;_;_'.·. -:·-·_• ·' -: 

extra·o.tions o:r : Partially d~htdrated cesl~; hy(lro:tide . nozona.te" j 

COi(er1ng a ·p~;ri;Od Of abc,>ut ti~e ' aa.ysf w~~\atssoived t~ water,, 

'and t~~teci'·~itn a Qol'\ition of ti.tanium(ii°i:::s•·~1i~te in sult\lrio 
. : . ·: • . . . ·., .• . · · . .:-, -,•\ . . ;' • . • . ' _- . . -,,:.,._, _·-_i . . '. · . . ·. . . , 

acid,' . t.rhoes .'. et :hyd,rog~n .. pe rbxide)were .. fnd.ica t~d (of~ follow~ · 
inS se6'~io~). ·• 

:,:, .ih~ae ~bservitions ca.n beat be :etpi~itled d'i{ the assumption 
that: ~t least two ditterent Q,o.mppup.d.~ . ai-:~:i :for.cried as a result . 
of the -~cti<>n ,of .•. ozone of: the, alkali metJJ. • hydfi>~ldea~ one . . ' ' . ·. . . . . ' . . .,. ·, ._- . \ . -• .•. . ..: ... _ .. ", . ' -: . .. . 

. Qf' wb.1c.b. evoi,reEJ :m.olequla~ ,ci:iygall upon· J~homp~~tuon but wniob . :: ., . . . . .- ' . ,. '<./ .. ·'· ', : ·• . .- ,, .. 
dc>e~ n.o t lib ere. ttf iodine- :from >a~itiltiEad. ;~C>tt:lsS 1.wn iodide 

' '., ,, . ·. ';_. ' :'; ' ' .~._ ,. '· _;, .· ·:::_ ;_,·: ' '. ,'. \ ; '-__ :/ ' \!.:...:·· .-- .•: i. 

se>lution, \end t~e ;other ,which, doSS .-· ~::tj.dlz43 iod.1de lon•. These 
'ob~ervatio.ns ' also indicate > that th~ •Qo.tnpoUrtai whicb 
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liberates-, iodlne .from 11.Vdl.91odio aoid. is J'or.rned in ·1arger . 

amounts et lower temperatures. - Further~~~e,· tJ~ : o,ridiz~ng .. 

power of ti.le solutions :remaining '.at,ter -~ct&lt1otl.:or oesiwn 
' . : ·, ·.. . '' • . . :' ·, , : · :· ' ' . 

indicate that tb.~ oompo~nd Which ,has tne ;P:ower '• tO o~di~~ 
,, ... .•. · .. · . : ,., ·. . . 

• ·.:';'>"\., .. 

iodide · ion is ·somewhat stable 1.n solutidii-;f ;. Q;uanti.tat.ive . 
. . .- : .. ' .,::, _ .. ;/:::_:-:}.'.'t' f' .. . ' . . ·,-· , 

experiments ,to determine. tne n.ature of th.~se <:ci~pounds. v,eie 

oPnduoted .rind will . be des.eribed in a. .1ai:i'i1,seoiion~- . 
. Solubility of the "Ozona•te~" , .··· . ,, ... ,. •· . . 

;t11asmuoh.· as the reaction· ·between . o~t>.ne·_and >the · alkali 

· metal hydroxides .is · a , sur.face :Ph-enomeno~~f:.; 1ihe· orily .hOPe• for 
• > ; ·- ; -i-· i-~: -.~;- ; ,, 

ot,ta1.ning reasonably pure comp_ ounds w.a%_ •,:_tci f:Ln<f a sol1tent . 
, ,. ,. · . '. . . 

the uru-eaot~d. .port;ons of the ozonateil miiture•f:o:r · ('2) · 
d.iss oi~e the unreacted po rtlons · of the : -nu:iture oo.d leave 
behind the ' colored ·. produots ' ' It was . ho;~~ tbat perhaps alcohol 

' ' 

would serve in the latter capacity~ but .it was fOun:d that., · 
although sodium "ozonatett did not • deoom~Ose nor: dissolve .in · 

, ., . :: _ "/ 

anbydro_us ethyl alcohol, the extent to w~ich the unrea<:ted ' 

hydroxide diss~lved was not' aufi'icient t~ -l:'e-,nder tnis methcid·:, 
-'· ' .. . -., ,. . ' 

a feasible one. - Furthermore, the various «ozon6tes" were 
• ' •

04 i:'• . 
.-:-;· -

round to · be insoluble it.r anliydrous ;,py.ridine; , dl,o:xane, ,·carbon 
• • I . • • •• • ·-., ·• \ • • ., • ; . - • • < ,. ' 

sodiwn. hydroxide· Which bad ·be~n -·prepared, ~t :tooni ·tf3mperature 
. ' · . .' . .. ,.,• .::; . 

wa$ added to .liquid ammonia'>, no ·c>olor was : eitraoted. ·llov1ever, 
\ ''. I 
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potass1um :ht4r'oxlde 'wlrl.6ti had d:>eeri t.reshiy ;pre1J;re<l, at' room . 
. - ... ·,' ; :· ,• i· , ,' ··.: . ·, .,. ':-' -~ '.·' .... ; ' ·.\ :;\ . ' ' 

.. tempeta~Ul'e, · I¼ ¢8t1biti/ t>i,ange~fea ~o1ot~~:ofi •~~lf 1m»art8d . ·•· 

.red : ci-Ystfllline solid was· ', obtai~ed. : T~\i):i as ·apparently· ·the · 

· same »~~u~t teia~ea ·w iK:zarn6isldfI ii~~isidi, ana · ··• .· . 

• :::::::
1tj '.~:::~::·· ::~::f ~f ia/il~4~::·.;···::tfi ~t.• 

liberation 'of .eJ conaiderable au4ou.nt: ,<:o:f' '.t#~~ iddine; when.: a: ' 
. _ _ . : · .. ·__ "\ ··: --,. ·.,:. _:·:>_ :· · ·: _. . '..' :t,. , ... _ .. ~,- ·/-·-·_ ..... ·.·. :-· .- .\~~\!(/};(\-' ·_::·' _ :-'_:.:::- __ -. _i :_'. _: :· _· --~- ·., 

portion: Of' 'this ·. sam.ple 1 was ::ad:ded to c61~;}41lute sulfuric ' acid 
·_ . -. . ... · - ._ .- _ :-:<·- _- -~•-i . :· _. ·- - __ · , :/ \ -,·._;. __ ,·•:,.•" i --_·. ::-·<}T{nt/··:'_,, . '.·._ .. _ -. : . :, : .·_ . _ .. . _ . · 
and l ml. , of .. a solutioo1 <:d' 't1tanium{:l-VJt suli'ate '· iii ·siilfu.tio 
~Oid'· :ado.ea: , ~o·' :O))l;~ation was ·-obS;,.-.,ea}it1tnie illdi~ated . -

. . · : •• '.1 . , .• . • .. . ,. . . .·~ . :-.-.,·._,.r: j:''..._. .... _ ·.:_ , . - .. 

that· tfuj· 1'ed' '.Pl"OdU¢t did 'not (JOD.tain ·pot6'.,Jed.um supero:d.ae, or 
\ ; . ; " ._:,;: ,_·' ,. . 

potassiufu: ~peroxide . '1rmttediatlely after · preparation, ,' ·rt deconi•: 
·' ' . ' , ' -

posed r~pidly ;with liberation of · rixygen:).J ·~he• i1reaen,oe or 
·, . ; -:. · . '. ' .,. · ,. · ··- ;.- ·•,/ \·,_· : ' ' 

\'later or 'a.cid', and the :i-esui.ting' aoidio \iJoltition was :touild ;to 
·. .' " ·' • . : _. · . ',' ·• ':• :,.. . .. , ' '' -: ·:··.'.!'_._'. ,:, ,.,· .. · ·· ,: •. ·• • .. 

· contai~ :a sub~tanct{ which '.oxidized p:yart?d±6 ,acid to free: 
iodine~ .· .. The$e observdtions &greed. with :•thbse ·, ra_ported earlier 

' ' ; . · ; .. , · . . . ·, 

in this 'study ·en . the : ozonated mixtures~: 

*Tha extraction ' stUdies wer; c~rried out'.'1.n an apparEltUS such as . 
is s llow11 , iti Fig / ,;V. '. A' detailed . d<3soripti on of the : techniques ·' . , 
involved is included .lil. t.tnrsection dealing 'With tne quantitative aspects· 01'" the . problem~ . . - · - . . .. " . . . . 
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may have rematn<:3d on the ozona.t~d ·hydro:&tde,:· a ;i'.~ti:eam. ·ot 
o zone..:con ta,iAing oxy ge!l was . t:>u bble d ·thr9 ugh li q°ili.d ~'llilo.ni:a 

, . \ ' ... ,. ,· ,: . .. . -

at .-70°0. ' The' liq~id: ammonia Was soon.;;ciol6r~d ':; bttfgnt' 
orange•'tea· by · the·· .. ·ozone. · the•· oolor s,}6n ··di!ilpp:;itea vihen · 

the tem.perattire :. ~as , permitte'd ·to' rise • abo~:e, .~;i~rtL ·,. 1'he 
:- _; /..--; · '. { .•: . .., ' " .' :.'. • . . · '. ; ,. . " ·; .. :·} . .,.' __ _ . -.;.-: ./-:- . 

tea '· s olut1 on · ·re·Julting ,fro~ ~x traotiort · Jl<;iot·ai~ ium O ozon ate••>,' · .. · · · · . . · .. · · ._ .. , ·. . - .· _ ... ·. · · ·\:r~ri·.<: ·.:. .···.•··. . •·· . . ·• .. · · 
.wlth liquid • ammonia, · on· the other hana_,:yi:•~.~ained its eoloi . 

: throughq~~ . the .. ·e.ntir~ . process ·ot : ~v~po~kfc,k (~)3°0) i:;- ·· This ;:; 
. . •.:. :,:-:-::,,",. :;, ' ' ; ' , . ; __ ., _: .. >·\'-·;'._:;'.' .· . ·. ,. ·; ; · , ' •'\.\ _ 

indicates• that the two; soluti ona W(f:i-e- :'ndi'i the ' s:~e·:~ . JPurther.;. 
more. ·· e·~aporatiOn to dryness' ot ,. tn:e ~zoR~:ied wruhbnia' i>rol .·,. ' 

,• ,• ' , ·t ·,;.,. : ,' •' ;' 

dtloe~ a wb.i ,te suhstanoe ·v~lliOh gave .: a poat\~~e 'rtbrow.n ring" :test. 
"- .. ' . .'·;.,:) :!//~:'{-. :· , . 

:tor ·.m. trate .ion and Whioh proved to' be\ p{H_mari1.:y anuiiohiu.m · 
. ' · ( ,. , ' \ .. : . 

nit.rate,. ·. This ob·servatiott ··agrees with· tti'f:i obsei'ta. tions ·o:e 

Manchot12 'and of Str~~ke;· and Thie~emanff•: One;Jnits~ •' oonclua.e • 
. ::;.\,.:,. ·.,. .. 

then, itbat the red solid was extracted tfom the :'f'ozo.naten by 
t,ne liquid amiaonia. anci, was presumably the . potas·s:lium./'*tozonide" 
reported:·by .Ka,zarnovskil, · IU!tolakii, '. ahd Ablet,~bval4~;. A' .' 

' . . . ,. . 

rather· :.t,tough. quan ti ~tiie determination,;pn : tUis\; ·.red ·solid~ 
' ·, : · ' , /} , •,•· •,_~:·,,:_ _;~ ·:'._. _. · , ;:;- · .. :·, •:'. . __ .. 

•• which •appears . to ' confil.'m theii- 'hypotheijR!~·/ 'will? be a·escr.tbed . 
: ' .: .•. ; • .; ) • . ,,. ' ' :·. --~:-:_~. i.+>" '-· 1 ;/:'·>' .. ·,-; ' ' 

-~·5 .... . 

'.t'hel;SOii'd materi:aJ: ;remainirig on· tb'.i{airitercid g1'ass tilter 
-· ,. ._- ,. _.:. ,._ , . . ,· •.. " ... _, :""i·T}J.',\.<.\ :_;; .;... _. . , , . 

after extract16.t1 or the 'potassium · o·om.poillld ·. tJi th .. itquia; 
' ·'··:, . - / . : . ' ' ; ", ·...... . . · .. ;, 

~onia was· noK··tilicolored~· · The '··•ext:racti~l} pro'~~Js:·. \vas" con•· ·· ... · .. . · . .. .... ·.· . ·.:;r-,.· .• __ .,· .. ·. : . .. ... :·_c:;-·: ,·c . . J.: •... · ·, .. .: ·: .:.; 
' tinued until the• amnonia· came through 'th~', t l lter' unoolo'red, . ::::e::: ::e:~::a:::;:: ::~~:n~i~f i~~:t:f :::an;~ 
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:f.'a1,.nt, yellQtt--oranse~, .-. :J\ddltion !of th.is .reai~ue' ;~? ,.acidified 

potassiwn; iodide: ~()lution, resulted. in' the -, _libe;; '.'tiion, -o~ a. trace 
; - --.- > - ; -. . ,, />--. •· · .. ·. , - . . -. . •-- .- - · .. · . . -, : ·•:· c:.'. ' : •· . 
p;f':,iPdin.El, .: buti: a. .pe1•o~romio .. ,ac,icl .test f~fte~l . t,o( :~ndtcate 

, . ·.. . .. , .. . ' . ' 'i · .· , ' · - .• -,- .. , . ' , ,. ,. •. ·. . . 

th~, p~ae:iee 61' '.,auperri~~de,_::~r ;per~:x~de~:. ,· f~;a c1~tt :eria;t wasi . . 

then l'*~.ce4 :~ll. ;'.~ .e,l.~secl ,vessef ,and wa.s:,~¥~; i:t.teµ. t.<.i stand at 
:-. . ·. ' ·' ::· ' . '. > ' .. :··.,:i// ___ · ': . ' ' . ·.. . : ' ' -, ' ' ' .- . :·, ' '' . . . .. ' . ' : __ :>:? \:i_f:'._~--·_·.:~:'.:: ::"\ ::-:: ·•: ·,. ' . ' ·. 

t,OOm item,Pet•~ture:<to,r a&mlt ,$\>;0 .w ee~El•?, f <iftfQn$ . . Wel.':~ ,y1it~'\" . . -. ·.. . ·.· . ' '._ '_?;}\'( ' ·. .-.. ··.· . . "•.·. ' :{.'_,,,,' ;- .,, • ', . . 
.--¢lrawn. pel:\iodip~_l:1.y: ana; t~stea -- t<>:r. l;)xi:d~t~~g: powir ,en,tv tor: 
. _ · . - .·:::;r<. · . . • . . . .. -. , , ,-:>;r: / . > . .. . . . . · . . 
peroxid,e. i Xn-·elery .case ;tested{ -the .-. S8'P,; .~i(;li+~et-a~ed ·iodibe. 

: trp!ll , aoidified, 'potassium .io4ide solutl~;~I:::<,~t:i:11: rio ··~ase \fas._, 
'. .··_::·' ,.,: · ___ _ , ·•.'\. :,i -~- ·-~. ·: ·-. . . ··•.' .. ·,. ' .. :.~i -•-':( '; ~ ,' ': .:·:·.<!~\'.('.~f..}}~/,(·•:')~':_· .. _:: ;t_:::·/,.::'.:< .·_- ; '_./.:. ·-'< -, - ·_: •' ' ··rs .. 
-. a. JppsitlLV~\)Pe~~itde.; ,t ,e,s ,t .095eJ.'V((34; t ·~ -s'::J~'oiua~'a(?~~Y'"?>,test·(•; 

;<'.'._:>•,,·i:, ·. 

-the augge~tiotJ.. ma·de earlier .that>at ieaa't ~v·p .~foo.uots ,are 
, ·.. . . r . '_· '.'- >._: ., .... : : -~- . . · :• - • . .. ·.• ·_. · : ;.::>·).?::\/ _{,-.: .. ; ·. - · · ._.~-;<_,_._i ___ , :::,_- . , _·. 

formed: when ,alkell :ine tal:Jlydro:,ti.d.e~ are submitted to at:taok 
. ' , . ! I , , /, / . . • . . • ' 'i::': .. •/>:·; • 

DY: oaone-oontain.ing ~xygen~ . ' ; :At ' any ,:a~~i ' the ' yellt>W-orange 

• OQloratl~n, Of,. the, :,reSidu~ .. ream1h1ng .on, th~ )filter . can ,beet 
' . . ·• · . . ' . • ' ' .·. ' . ' . . • .. •· · . · . . . ·· . . · • ·· •· . . • . ·•• . . . · ·. I · . ·. \ i:' .• ., < ' . •·,· ··.· .· · 
be ,s~plain.eq, on - the aasµmption that b<>;th:.a 'liquid--ammonia-

• • · ' . ' . . . ' ' ' ' . ·. ·' ' ' ,! •- '·' -, . ' . . ! ' 

pres um~ bly . ;tha il ... repox-.te4 .. by.· 'Ka~ar:nqvsltiif,: Nitcol~·1o.1·, - fula -
> Ab1e taova14~ th~·na.ture. of ~y :other:•pr0d~¢~s·m~t .be determined 

-: • - ; ., . . .: - _; _' . - - - ' : 0c _· _:_ - ·: . , : ·. . : I . -~ '!, ' "'· . • • - . . ·; ' :: .• : -- . ·, ' ·; -. . . 

by• quan,~itati~e ,•e:tperimentati.on • . 
. _,_, ; . 

. ~a.-.z~·r·~. ;,.. s.ki1. ·.-··~.·1 .. k· bl·;'·\ ·1 k .. ·•.t·i· ·1·.·•· •··~.'(1 !:1,. ~i~t~. liva.··•·.1. ·.•.4.' < ~e.Por .. ted> .. th."at·······th$'j .. 
liquid•a.mmonia ... ext:ractab e material decomposed . to. pot~sf)i_um 
supe.roxide completely in ele~en. days., · · 
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In order .. to ru.rth~r establlsh\ the ,existeno~ .ot -~t least · 

two _produota . ot' ;Ozonization, ., re1ac~ions ,\Vere car~l~d -, out .at 

vf.lrious .temperaturea .·in .. tb.e .. ;hope that '. th~ t"elaii.iiJe · amounts 1 

. , - - . ,_· ... : . _._. . ..: . . · < -: - - . . -~ - . . - >. . . . \I.::·>.'·, . 

pf . the produ·ets,?rormed mlght ; ~e ;a , tunotiQn pf . t#.e rea~tion · 
. -_· - . . -.::':-.:"·~::;.,: - . . < ,1 • ·• •• '-_ .. _,... • . -, - - ·•·. -:-- ,._.:::··) .: ·!_- _:_:,.. . - }F{(:· ... , i~.-'. _;. <·.:.·_, . . . ._, . 

temperature. :J¥hen :the · pota~'sium . hydroxide was 'foz:onatecl at , 
. - - , - :· . . _,. '.. ·: -:_.- ·, ~··:: ' . . ·. ·. - i.,'. ,: .v·: .·. - ·:~,;: <·:·-- .,'. .:-: . ·-·'.~lf\··1···._·. ·· >·· _. , _ , 

~~ozn. 1temp_e~ature, a -~elative:ty sma~L amount of' .:~!l'd:·-material. , 
· · · · · .. • •.,::i r~.'../ :,i. r:_' <\'" :,,1 

~as, b.V the J.iq~id ~onta; wll., ;,,~E> (i'~fi~iltion 
was. (\~;r;11;u{G} .. ,0% ,l!b\lf)'fSl,; , a,~i~i~~;~r~unt ·o;, . 
ext:-aot~ble pro.duct :was ,formed • . , Alth~q.glt .'the , observatlo.n 'Na~-, · '. · · · · : ,. .. :, r·t · · · •.· ·• ·· ·· · . · • • ol}i:). · · . · · . . , , .· · · · : 
only qua:L!tat_i'V'e, it seemed to _, be·a:r:- ;out ,'the.··conte.ntion, that · 
.the ,fo,~~ion; of'1>the liqui~~-o~1a--,e~tJ,,i~ble; subs·b~oe . : ·.. . . .· . <; , , . . , ··. . ·. . . : , . . . J\t({;:; -. . . ··.. .. . 
was--._ a f'unotion t>f. .the reaction • t;em.peratu~ej '{ At' tempe~aturea 

, < " :.-.t• ·: i:,:<° · . .:• , · · .. .-:_.-'·:\/./tr>- ·.. . · ·, · . . 
. belQW ~65?0, .the . ,:-eaotion, proeeeided. so ,:ij:l~ly th.at ·it vrn,s . 
' ' - '.' i -. . ·. . . . / · __ _. . i. ' : :(_!}t\:f··/~'- .. ' '·. . ' . ..- .·· . ·. ;-'. .: __ , . . 
1U'l.praotioal ' to Attempf:: j extraction ~tudiijs;: a:t,.these temper ... . ,• . . '·> '· ' ·' . ,: ' ./ . _·:\/.:;,,: ·,. ·... :: ' . 
a~ures.- Nevertheless,, ,the·: obser-vations \vfrioh were· noted when 

I i .. ·- , . .. , 

e:xtraotion studies were .. macle ?h sodium ah~ ces:l.um.: '•ozo.nate~" 

substantia~ed th_e :findings , made during the study .of the 
' . ' ' -, ·.·, 1 . - ' ' 

potassium c ompoun.d. · 

. Wheh :pul-ve.rized -- sodium. hydroxide was: ozonated at. room 

temperatµre, ' a yellow oolor'.devel.opedt* but when 1.iqu.i<i., wrunonia . 
. ' . . ' ' ', ' '•· ' ' - , . . :·. ' .. - .. . :\ ' . ,)_._ . 

was .. cqndenaed on top the "ozonatery , and :filter4'df no . coloration 

I <' '1 

*Aa was mentione,f · earlier; ,the reao~ion:,. b ~twe(¼ll' ozon.o and,, anhY•>· 
drous sodiu,m. hydroxide proceeded • to such::·a ,amiu.l . extent that the 
produ9tion. or ·.sodium:!'ozonat.e~,-1 :Cromthe .. dehydrated.-material· was · 
1.mpractioal. _· . Iir the extrao.~iCJn stu4i~~ 'a~. wel:t. as j.n . the : quao.-
titati ve.· determination.a .. Qt sodiwn :f'ozon~te~t it was .. found exped-
ient to. use SQd1wn hy<'lro:~J.de. wnioh ·<)onta.ined ; to 10 , per cent H2o 
of hydra~ion. . · · ' · · 



66. 
in the, liquid ammonia was noted.. WJ:len. the reat~lon '18.S 
oarried out ~t ,.40°c and e:xt.ra<ftfon attempt~ wef e made, the . •.:: .. : .· \' . ,,... : . ·.>f'•::'~: .. :;·· .. .. · ;_:··\' 
liquid •onia ' :filtrate .was ' co~ored .a VEfr# '. lai~t': y(i}l+ow. 
Evaporation ·of· this yellow solution to di-yii~~e >i r6duoed . a 
ve,ry SrAall amount Of yello~ solid~ \scaroiiI endhgt{ tb use 

< . • 1 : ::: ~•• I ••~ !\ >j." •; •'. •· , '• ' 

· • . - ·_:·._.·,>i_,'_- .. . : .. : _,;• _ • . _· . ' <'>'·./_:<> . . ::,::_',':· • 
tor quantJ. tatl,ve . deter.utina.tions, out enoligll. to $how . the '·" ·- . . , .. , . . . .· '.. ' ', ·. -.. __ _. ·. ::· :i:i.'.i':· . .. ; ' '. . . •, 

temperature depeiidenc~ of th~ llq_u.id~an:m.~:rii~lei'tractable 
.. ' ' ' :'. ::-'; .· . . ', _, .. . ··.- _,- ' ,, .. ' ' . : . ' _. \ ,' .::., :':,\:-', i, ;' . , _, . .- ' 

product. ··.The r~sidue Oli , the si.tftered g:t!~~~ fi0lter was · colored 
. ' '. ,- , .. '. •.: .. \· -.;,·.· :~· .:•. <:~-.. i,• :,._,·: ' ' .. '. ' ··:· .. < ·• 7 _:: //}(\'.i;<:·_-_' \ ' ·-< ,, -, ... ·,_' :·· .' : .. 
· quite 3e1lO\v and. reac.,ted in ,tht3 l;la.m.e man.ij¢p as the ozonate<l 

mbt~e~. w41Qh~, dbe,n ;repared ati ro~ !lj~ perat~e. No 

oolot-e{ product ;a~ ,e:lltra~·tabl~ · by the ,:iiJ~id a111m~~a trom the 
·. . . . --. __ :., _· _· _ _ -~- .. -: ·;···: .... -; _ :_}·:s::Ji(~\:. __ -_.: _ .·;: .... ___ ·, · '.'_ ·-.• 

. sodium ttozona.tee" whtch had, "b,ee~ prepar~q;J, at roo.m tel!lper-

ature and: whlch ' had : been atandi.,ng to.tr $~i~~ra.l months. 
' • • "• .•. _- I ' •; . ·: ,;;,/,;';:\:, .• ,. ;- , :,·: ' 

ttozonate'" were mo).-e s~cceastul,; tb.a.n wer~ tiio1:1e made 011 the 
o.or.respo~ding so'dium and potassium. compotinds. Extraction with 

· 1iqUid ammonia Of the cesium J'ozonate," which had been ' pre-
• , ·, . ,; • • , ' ., • . •, < - , •'' • . ,· . I 

pared at room. t.;;mp~rattire. followed by . ttl.trati6 . .ni produced · . . . . . . ·\- ... _•- -- . ·:\. _.-' r~- .. \~\/ . . . \'· ·_ ·. . , . -: 
a l'elatively large quan.tlty ,of red aolutlon; upon evaporation . , .·,. , .- ., . :'·- >:> . 

' •·, 

o:t' this s .ol~tion to dryness:, a fe_d crystalline. solidf similar 

· in. appe,~ranoe, ,.to that. obtal.ned .~rom the. 1ota~sitim "ozonater'~ 

was obtained., : ·At the same time, the QOlOJ." of the residue on 

the tilter seemed t':> £11-dioa·~e that'.- ~ la~1~r parientage,. of . the . 
'.. . ' . ·. . . ' ... . 

"ozonate" had been · e:xtraoted .by the ammori.fa than was the case 
,· \ 

witll the .. po·tasaium compound~' No app~ent_ 1:hot-ease was noted 

in the -amount of. extractable material obiained. from cesium ... . , 



rtozonates'1 v1hl.oh had been prepared at' O~- and at::} ... ,o0o, 
. ' i-espeoti vely; however •. when the ozdhiza.tfo.n was \':oar.rled . OU t . 

. ' ' ' .. :· . 

at 60°<). no • color was noted in the· liquid · a.mmotila e:xj;raot, 
. :·..'. .'··}':t.·;r ! 

although the material remaining on the · :tflter w·aa colored · a · 

deep · orange-red.. The· chemical· behavlol' /?f' :. both · :extracted 

. ponding potasslu.m conipOunda when' only a :~i,'ttgle e>zo.nization . 
had been perform~~~ however. when ;a seril~ ·O:t' az,oni.zati6na 

. ' ' ' ' ' ' . ', 'i_>·:t\.\\:.:.',._,i :_•_, , '' ,' ·· :-.- ·. ,· ' . ., _ . ' ' ·' 
and extraotions was . carried . out on a sampi'a· of cesium hydroxide 

. ' .,~·:t::'.;'. ,r'· · ' '. " 

( ooveri ng a period of fl ve days) , the l"~·stdue gave positive 

pero2ide tests • . . 

Aa was -the case with the ozo.nated ·mixtures, the role of 

wa'ter in · these> extraction studies · was qt1;te import8At. , The · 

absenoe or any reaction between . ozone a.~d the alkali•· metal. 
. . ' ' . . . : . . 

hydroxides -under strictly anhydrous ccndltio.ns .bas alr,eady . 

been menti'oned; it was neoessary, therefore, ,to avoid 

complete exoiusion ot water during the ozo.nizatlons. ·, On the 

other hand, , it the extent ,of .hydration \vas too · gteat, part of · 

. the water iiberated during the reaction 'was _: oarrl.ed over by, 

the liquid anmo.nia solution ,and, when t ,h~ ,;ammonia ,evaporated,' 
. ' ., . ,. . ,. , · . : · • - ·· .. · . .'·:t · . 

no solid product waa iobtained., · T.his was pe.jjti·cularlY true· · . 
.. ... ·:·' . , •· ' • . -.. 

in the case o :t the cesium · hydroxide, which wias ·completelf in 
,· ' . •. , . . 

the form of the monohydrate~ · Tnis difi'ioulty w$.s overcome 
. .. ' 

by partially · dehydrating the cesium hycil."6Jtide .monobydrate and 
. . . . , .. . . . 

' ' . 

th.en tiaing a relativel~ hi'gh .(2 ' to· 3 cm.l colu.mn of. starting 

material. · Under these ciroumstances . the·.water liberated · 



tiur,1.ng t.b.e . cou~se ,ot . ~he. reaction was . aibsorbed bq:. tha. 

anhydrous' hy.droiide ln .tm lqwer pQrtio.o/ ~f ..•. th ~'. ~Ol'tunll to :. 
: ·,; '' ·. , ! ', .- : , . . .. '."_;" .,--.:; _··.; \. . ·, . ' ; . ' < ' ' . ' :· .-;=;.::.. . ·, . 

form. a .. s~abl~. ·llY<fa"Ste, · ~q.· was., io1f ··~vailable .:rrif ':e:xtrac·tion ' . . . ,· . . . ' > . • . . ·. ·, . . . .· .. ·.. . .. . '> •·. ' ' . ·. < .. · , 
by 1ih.,e 'i1quid: ~Jlill()nia • . ~ : otne.r .. word.s > /:;tne., hy4r9x~~e ·l'Soll1ttlfi 

.'. _·, .,._ - . . ,/ttt\:·_{:/ir,.??>: <::. . _ ... - . . .. - - -·. _·: - , _- . > . . ,, .. i • • • :··.;1\:Ji::'.:'..·_·>i/•,:- ,~:i~H:t:\:·/i·\.'.,/-'.•-:;r:·-· -._ -_ _,,._. -_-· 
served, al~ ar, ~n. ab$e>rben.t. to:t" , 1$.E! moiat.tt.i-e pr~ducecl '.in·, the 

reaeti on, .}!~ e ie ~llQ~ ····•• •e~e~ (). · wl>rk g~•tt w~itt ~ Q dry.•· 
prqdue ; ; ·~; ; ~ o~{ ~J)~d ... b1 utit ig;hg tJi e~j;1f tin~;i;:r 

, . provided tha,t • . the ~emai,ndet-. of · the ap pa.t~i~s was d.ry ,·. 
. ·-. ' ,·:·_._:.,:,,'.. - '.·_ . '. . _,· ' . _<:_, .. ·. ·, . _/.:C;)?'.:_{/)/' ... 'J : ·' ,-: . . ' . . 

. . T;he: ieq soli:cl, ni,ate.rial ot>,tained :trdn,f,:';~he: liquid '.: rorl1llonia• 
. : ' . -.\; ·_ .·:-' ,(·-··· ·· , ::,'. .~:;:::.\-:;>!--' ·•:, . _.. - ' ·.,-- . ' : ,:·.·,;,;:,:-)}i\/~\/ ,:; ' \' _-;::-:.-
·. i;}Xt~a~tion ot .:c~sium hyd~oxide .}'Pz.oimte'~/:~~a. qui .. te stable: at 
· ro~~ ~e~per.atu¥~~·· in the ·absen~~ :of 'moi.~i~~~ 'No Qppal!ent 

deoompo;i tion .. took .plao~ whe~ lt :r1as k;~~;>t~: an .. air~tight .. , .. '• · .. · .. ·• ·. ' . • . > ' ' '· . . . .· . . . . . 'i.?·:}:J'}:·.<j,? . . . . . : • 
,vessel • .for ·seven; .. ci.ays •. _ ... :Wben ,ad:ded ··to a~i atfied.: potaaeium , . 

• iodide :spJ.u tit?,n i~~diately aftex- pre1'.>ctf~t1an/ ~a ,well as · atter . 

. stEintµng t;or ~e•ien daY·s~ larg~ am~~nts :::Jf\odi~~ were·,lib.er• .• 
. . . . ' . _-. ·,. -' ··,· . ' . _:.·?·/;,>)/. .-. . . ·, ::. 

El\ied • . . When, :ad.~e<l to cold. di.lout~ ;-acid, o~Y,g~n was · liberated• .: 
alld the .: .res.ulting solutipn .retained sufficient oxidizing ·· 

,. ' : . ~· ·. . ' . . . : .. ._ . ' : . . ', ' ' ~' ., 

power to: b~idize iodide Aon : t~ . fl."ee 1od1.he. When , th, , freshly 
. . . ·. . . ,. ,·'. i ',.·· ..\-;:,: ., . 

. pre.Pared . product. YH1s. te.sted with GC>ld ti:tani.u.m(,tv) aultate. 
• . • . - . . ,· . . , ·.-,.I ' . . . . 

solutiQl>.d.n dil11te su~ftll.i.c ac1~. rJlO colo~Stio.n'.,was ,; observed,; . 
. . . . , :· .;" ,_- ' . . . ·. '' :- ,·. ·. ' ., ,, . 

afte~ standing :in a. cl,oeed, ve~sel· ~t .t-Qo~rr-tempe*~:tur~ for · 
· -· ·- .;~{it:\~/:•:::,:i.:~-.,f.//:."\, : >. _ _.. · __ . _ ... __ . · . ·•- . -, ·: _ ·,. -. · ·-_ .):}i'.:!)\-z.::".-?:r:-.f'\1ft _ . · 

•· seven days, it . et1ll gav~ a ;negative peroxide ·tes't. ' However, 
when . t.l:t~ red solid was heat~d to 10~-15060 ·ln ~1 .011 bath . 

,, . . ·_ :, . . .' - . , ., ,·:.,_·_:·,-, ,,; 

tor .two. to :.t.tire~ :nours,: the red cbior disappeared and, . 

. a.1 tho ugb most ot th~ . re~~ining ( ptoduo t :~~s ' wrii t~ a . portion . ot 
' . ' .. . ' ' '·· . . . . '· :.: . . ' ·. ·.- __ _. . . , 

the red . p:rOduot de(iom.posed ; ':to . a. :yellow sJbs tanoe •... When tested 



\Ali th titarlium( It) ,sulfate solut~b.n in -di.l:#te a~;tu.rfc, acid, ' 
.this yellow Pr()duot gave apositive PeJJffae. t!i;t. It must 
. be elllphasi~'ed th~t· ;he':major' portfon•,~~}~:J~ r~a)~olid'' ,· . 
deoompos ell at J 9o0 a •· to a ;bi te pro.i11ct}'., );e d!IJ.1 a• rela;, . ·• 

ti velY ,,,~m~~v(f O,~t¾~~ftbe : red s~lid ~!~~~si~C,:~~\;~e • . 
yellow oom.pou.nd~ · . . This latter·: flUbstan.oeI:;,g~te .. nc;, .·evidenoe ·<,f 

• . . ·. . . ' . ' i • ·. . .·• · •. .· •',}/-:;?i:1':'i .. ;,' ' . . . " . 
decampoaiti9n whtk he~~d . tor -ab6ut · :twof)Itb~~s · ;ti· 170~0. . This 

ob$erva ~iolf •. M[c:ii~e • podtiV; 11eri1 tan1?Jl1!rte~t, are Jhose 
whioh would . be : e,cpeoted· if / the yellow .m~(t~f ie1 1iwere :cesiu.tli,'. 

Supe NX1de, * .· ·. T.he Jihite_ deo~pos!tto~. ll,,1~; i~s,ass•f ~o 
have been ,· hydroxide . although !lb .. speoit.t'St ~~~lyaf s tor sub~ 
ntan ti~;:~;.:,t~iJ ,asSUIDPti on ··•p erf o;titri 011~'.,;,f '~~: expect 
the final deoo.mpoaiti on ·product of a higije;- , o:xlde···:o·f l eesiurn, 

' ...... :,_:\·-<·)>_i/? . . :_' -, ·-. : _, , ,· 
ill the · absa.ti~e of' ;water/ : to be oesi~' m'J~~~ide1** ." llm~er_er; : 

- _· ... -· . . , : . -. .- . _,_ . •-. . - -,. - . -._ . - ,._ . :_.'.:-~-?:l~t\·/--_ .•, ·., .... :; ··_ .. , - --) 
a trace of 'molsture may 'have .been ~resentti ':·so ,'that . the 
hydrbxid e rather ·-than : t ~ . ~onoxide. n1'ast ii~#~-been . .foi1ned. _ , '- . ·, ~--- ·. ;· . ·•' ._-_·./"~•.;,\i, ~· . -~: -· . ·, : .. ·-. 

. If the assumption that· the,- yellow d~~omposftion'~proo:\ict 
: ..•.. . · - ·.· . '. . l . ' . · ' ' . . · . . Y}/·:: .·· ;c:.:;;: >' :'' '. '. ·., : ' ,. 

of the ·':red. solid is cesium suparoxide is;'·oorrect:.'- ebd the 

experimental observ~tiOn$ ·:seem. to 'bear•i&t'·thi~:i~f{~·ontehtion :-
the beliii.'ttoi''<or r least' a porticil .of i;~ii\i~ed/~iit.til~ an;;b;. 
goua .to, that reported tor . th(!e; o'c:>rrespon~t#'g po t,a.sslWll c~mpound 

• /· ' ; .,,:. , ; , '. ',_ ··,.;1 '" • • • ' 

* C'esi tW ~up_etoi~de Iileits ~at 4)2°0; · \hejii•~,u~ci'iition ·t~pera ,~J t~ = l atm..) j.e<reported as being l265°Q· , >~ ·· · . · 
**·Cesium. ~-.~,· .de,s·~~~ b;d . ~ri ·. t 'he ·£t::i,:~,atur~i7 .. as peirts an . 
oranger.red :sol1·d•:' - ' · ·· ,' •· •, ,.,, . · ' '· ,:,-,·.: .. : · · ,., , : . ' 



b3 Xaz~rn<>Vsld$., Nikolskii, . and Able ts oval.4. It the' 1;»0 

· qompoutidti:' ~re ' analogous; · a: po:rt1 oh.· ,of. the' red sdlid mus,t be . 
. ' . ' . . .· . 

a substance having the formula oso3 and ,Vllich d~ooinposes · 

to :the sJp~roxlde ',at iilgher.: tem_pe'ratures . The e~perliuental .· .. 
evidenoe .. whiohi ha·a ·}?revlously · b~en •mentf~ned· ant>wa : tnat this 

~- : . . " . . ' '· . ,. _.. • . · ; 

di:rectls/' to 'tne ,ihydroxide, under ·.sti.6h oiri,u.mstanQea. with.Out 
. . . ·~· 

·· passing throtig.ti' the intermediate o:itide.~1·6.fi ,stat$S,, · 1he ' 
; ., . ' ·; . ,, ·' , . . . . ' .. . .. ~.. ·. . ' ,' 

qu.e.h.titative · determinations . dea~ti.bed •.1irthe ·.f'o1:towing sections 
. ' . ;_ . . ·--~ ' .. , ·.· ·- . . . ~-': '. _.; ' . . '·.: ·., ,···' 

were. des1gD.id ··'tio ·dete.\'m!ne tfu vall<litg . dt the . clbne:Lt1$ions·· 
' . .· '.. .. .. .. .. i ':· ,_. ... . ·. ' . ·' •·-. .·• .... -• ' .. .. ·• ........ ·...: ···, . . •.; . . · : ....... . 

based on qtta.l.ita.tiv,~ ob~ervations aud t(j?··Jr~iv~:'. iat i :riiore .; 
• . ·\. ' \< •· ' . •• • . .. ' . • . . 1 

definite . concept> of '. the tie.tare ,'Of 'tlit'.!a$\·'~kal1 :·tnetal:;t,Qz®a~eS •" 
• i, • . ' 



.· Quantitativ9 Aspects' ,2!.' the :Problenf ·. 
•. ' . ·. . . '· - .. ·,,· . .. -· . . . ,, ' ' . . 

. Inasmuch as qualitative ob$~rV'at~dna ,ean, at ' best• ' ael'V$ : 

only · to sr.tbstant'&ate th~· f~ding~ ot qjjJ{~itt~e inv;~~lgat!e>n~.,. 
·. ··.·· .. · . '. ' ,,, :.,. . ' . , ··.· '· :· .· i ' '•/: ,.')''.>;;,.,;.• :,/· .. ·.•.·· .·,. ,.,· .. , .. ,.,;a:: ,: .i•·' 

the true picture· of the .nature of any corilp,ound must be· to.und.ei 
... . .· .· · ··. ·· .· · . . >O . ' · .. · '· · .. · .· .·. ': -: ': ,.:"r: i · ·•"} .. \' ,-.L:,/'>·· . . 
on the results of ohemioal analyses~ , .. The,: alkali :metal · 

' . . ' . . • ·.::,. · . .. , · · .. • ·, ·:·-:_J;'\ .·,}:ti/f'".'.j:·\. '. ')_,_·_ : ,_,,_ :,;c;,,·· 

. ttozo.o.ates" .·· are . oxygen-lib,erati.ng substancf~~>i,· _therefo're . quahti~,./ 
tative oxy~en .'deteminations w~re deem~a"};~f· be· of' :titmosi , . . 

. : . . ' ' ·; " ,. .. ' . . , ·--~ . ; • :/ ' · .- . . !- , :~· ~- .\·:>' ': : t·· .. 

importan~e; since the rtozonatesrt Pl"Oduoe 'the oor.rE;lspo.ndiiig 
. . · ·... . : .· . . ' _. · .. ·'. ·: '. ' <-,:',·.\'·'' _.' ,i-/_!:·'\;,,_:'. ' :_ ·::; 

hydroxides upon decomposition, .a .me~s~re :_'~i' the ,'alkali o.ontent . 
• ,• l• .,; ' • ., 

was also considered to be expedient. In .:ad.ditibn to the oxy.ge.n 
and alkali. ,analys~;~ 'the ~o~t ot oiidi~ing p~~r t11::11J;ed · .. .. 

' ! ' • • ' ' ' • . ' ' . , ,,:, •, ' . ' ' ' 1:,' . ' . . _:. . _.· ._· ·_ . _. 

by the 0 ozonatesn shou~d indica~e the ·prbp~rtioh of the 11 active" 
c~mpo.nent pres,ent • •. Finally, mag;neti~ me~sureo1ents of': these · 

·'i •,. ·. -' ·,.".;·._· ; ., 

substanoea should es tablis,ll . the .QllJD.be::.- of. ,unpaired electrons ' 
. ' ,•· :· · : ;: . ' , . . . . "', ' . . . ' . . . ',_ 

per moleoulet . ii' the . com~ound. is par~.o.etic, ·~d 1 serve' to 
eliminate from considet-ati~n, those ro~ulks whiih do not meet . 

' ,, . . ' ' ' . . . 

the mag.netio · require.menta. 
' ' ' . 

Two ... ~ve~ues of app:roacb. to . the; qt1anti.tative.·. i~veati~atlo.n 
of the -••ozonate~" were open: (l) the • so'rubil.1.ty in liquid 

,: , ' -~ l: ' 

·ammonia CJt the cesium ,and potassium compouncis pointed 'the Way 
tor a di;ect .:an~l;s·is of , th~ ;~~1fi~d SllbSt~~es~ but. :(;) 
• • . ; ,· .. . : > · · ~··• .· . ' ·· . .-.' :'.• i,, · , . ' .. ·'. i .' '· ·<· ,'· /~_·._. . . .... . '/ I. ... ..:.' .';, . . 

i~solubili ty in liquid ammonia Of the sodiwn cbznpound forced . . . :., ·. · ' ,, . , 

this compound in a mixture of ,~everal ohe~ical :species. ·. This 

latter rnet~od was fo~d Lto·. ,~ -' ap~i~~t:,l~ ·:'to an;lysea ·o't' ~l .of · 
. . . ·;.' ,· . .i, , a ' · { ,' •. ,' . . ·: ,; >',';_,:. . . . '. , . 

tne ozonated hydroxides;· and \vas .. so utilized., in 'order to more . 
: . . ·.·•· ' . , 

i . 

completely coordinate tho results obtained by both 'types ot 
analyses, 



'. · . . ••.· .. >.·· -~-.>-,, _,y -' ... ~. :- :;··.( ~-, ) -;:t~· ·.·; .. ,;·,· ,, -:: -~:,::;·.-.·._·.:-,</t i•,;.;_-.',, .. :, . ' , "< i·:,' ' '· _ :<·1<\._i. - ._',.' ' ,· > 
gated .•. the sodj..um and cesitim. oontpounda:•w~re the\imost tho~o~ghly 

·· · ·.· ·:'<·' · .; . . ·.:/ ,::.•,·, .. ,.•:-,•·e .·. '.'\· :/\ .:}t( : . . ,; pL; ·.·: · ··,, .. .... • ... . 
studiedJ . Little·: quantl tative . work WfiS d'one o.n . QZona.ted 

· potassium h.vdroxi'de because ot '-~.b,e ·rapidi.ty ,witb.<WhiQh ,the 
• · 1 • • :., • • , )</ ; , .. · ,. <·" . :· .·:c . _: >:. > ,:::,;;r:•, ·:··> . . . . •. . 

ozonated potassill.lJl ··hydroxide lost. its · oqlor when ,no~ ·:in ' contact. ,, . ·, , . . . .' , \< . . ·. :r : /. ,: '-': I ", ,: . : . y::: r , ·i ;;\• . . . . , . . . . . ·· ... 
wttb tne: ozone ~.~ream,, thus rendering 'i:t,J esa ~\i.~tfib:le fo.r 
' . .' ' ·' ' 'i > .• ' ,\ •• i I ' _; \ :· · ,, ;_:::/ : • • , •J • ·~ '1 ·-:· ·;;i .:t,/. • :·' • .;-),~_.:;_~·. .. ~.• < 

; __ . _,-.._ -. ~ _ ·_ . __ ,: ' , '..,_~:i_< I<< .·· _· .. _ .. ·-' · · . " .. :- ·)·, __ .··. _ .. ··,: .. / .. · ,: .. ·, .,.:· _ __ ·:. ,:·.•:;:_:,:·_· :·'\ ':· .· ·:.:\./ . ' :;·_ ·" 
anal.ya-is , in ··· th~:·unpurii'i ed_ torm~ :i ,~1eve~;;ti~lesa,)Ma tew deter.: 

mtn~'ti·oJs ~e1;e -;tld~ o~- ttiJ ~ot~:;s:{~: ~'()~~,:~~~::~a the~:~: ··.· ·, 
, ' ' \ . '. :,\t,;fft'!·'.\'.'••i.t: \} . ' : ... c-0'} ,_, ->·"• :r :,; " ,· ·:\\{): .. '{(' ·' ' 
deter.miJla.tions are inc.Uuded tn· ·a later · sebctionl :: 

. . O~e>nat~d .:~Jti1urit h;dr~~~~ J1;i~~·i:c1}~'~:ib~: .. /~1 fEtr, the 
> . :_. < · ,_. " -·:-- .. /_\?\:Y.:._•,. . _ .: ·_--~ ,::•_, :,•· ,'._·; .. _ > :-_::, ·_ ,·. _. --~- _: _;~ · ·.-. ) .. _._.· .. _ .,_~ .• -:-- .·. _· -~··-/:;,\},t/ .. ·>. :t/'~/ --~ ·_._:·:\:-;i<--:i':: L. ·:.,·:.· .. , ; ·:· · ; -~- ._ .. :: .-,:· 

,most stabl:e .· of>~lie tinpu.iitied ' oomt>'bun~s·;·::.haiicel /,t1bla . ~ubstarioe 
. :_:.:_ :t --•~ , \ . '.-... '._:}t;·_::7tit~·{/1>,.:):;:i\/(:/ :i·::\<.~i :· : .. _ .... ,. ., -. · · --\ 1 .·._1 -,_ , ·--~ • - -.,·~ _ :'-- :/\?-i\t:·_··-. _. :-_:.\.':. >\t- : .. :~/.(F):·i{:{_((/i\-r/:\i. -,_ . __ .: , 
'was: lb:vestigated· first~ . Since i ·t ooal.cl:\1iot be .Purified· by 
s'olvent ~~triicti;~•~" t~·:· s.odi~ 'tt~~~~ai~~~Iiii;{ inyestigated · ,, 

• '. • '1 ;'. 1, •.r<. . ', :\:;;::t :••• ; ' ' . .··.•·.· , .i ,, I , :}}/ i,U,, ,, . .·· , .·, ., , , ·. 
OO!t!i>letely -in :the form of a mixture ' otinta~.Q.ing, ~e . nozonate'1, 

'(_ . ; __ :\ ·, .--~ ).:- -)>!', ·:~;-•, ... · ,);:·:·:<:; ~, ' ··•.· i)_.':·: .. _-:·.· •. : ·,.,··>.' "_.; __ : .>'.: ' --~ ~·/){·-\ . .-_<.·i)./' j : ·· :::,·:} ~·. ' .- .'. ' ;···;~;'1 ' . _.,·. :_;·1 ' 

unreacted. aodiuDl .hydroxide• .·. eodium, oarbonate, .. and -water ·of! 

hS~~at~j.: · ~ifrthO~s' wit~ ~~JD.;,. 
amounts of · the ••ozo'.nate(J ,vere utilized': /Y(l)' ozonization of 
~he pulv; r1Z'ed hyd;i>:X1d;; ~1th Colis;:.nfi~~i;atiiill of. the . 
sanipie in !>rder to present 'the 'D\axi~lim ~ \lilt dJ: ,.Urface fo 
t~ attacking ozone: and (2) ozont~atl o, 'of $~diµm h$droxid~ 

· ~eli~ts ·(ir flakes)~ ; ·follow~~ . b9 rem~;al ·'~f ;t~e ozonated . 
', '-: '. '.- , : • • ': -, ._. .- •· . ·, :· ' • __ -; ' :'.; ; , .. , ' . j . ' 

SU.).-faoe of ' the 'pel.leta. :The' :l .att~i- ·m.~thod;: wltl.ie .Pl"e;senti.Jlg .• 
; . • ' ' ,, ! ' • . , .. . . ' ;· ' - , .- ' • • ·.•' , -. •• : , , · • · ' ' 

content; p,roduoed , tnixtures , which· 90.0.tafiisd ireiati. ve].y la.rger . 
· ~ · 1 • - • - • - • - • ,:. -~·- .• t •' <·.- ; <1: - · 



pellets was more vuln~rable ( 'than the inner part .of the . 

p:ll et~) · to . a·t~aok · ·by riot only {~e o; o~e:' duri n~\ ozon.lzition; 
' .·· . ,, . ' ' . ' . ... , . _ ... . ; . ,·, . ' _.,_ . · . · ' . - ' ' ' . 

but , also by atmoeJpherio veater ~a 'oa.rbon d1ox1il~ during 
' ..... •·. . ··; . ' ', ,, ·.· . . . . ,· 

.handling operatiC>ns • 
. ' ' .. 

ature in ' the 'vessel Sbown'•in -Fig. III fof:f lVneh ozonizatio.n 
. . ·\ . . :\\.(_\ ':;, :_·. '; 

· at . the surf a.oe 9t , the pellets, app ear,ed t 'o/ be as\ Q()mple ta , 'as . 
' . . ,,. . . ' ; .· . . •.:· ·'. , . ' ,· ' . . ·. 

• ·- .. •·· . i•:··:: "', ""':: .. '• . • 

posaibie1 th~ co11tents ot the ozottizatib# -vessel were trans~ 
ferred to ·anoth~:r vessel~ t1gµtly ,stoppe;_;'.Ja.. nfii Shakett 
' . · .. , ' ,,· ; ' ' . ' .. ·.·.· '. ' ' : ' ' ' ' ,.- {:{,.\/ \ ' }} , ',' , : ··, ' 

vigorou.sly• . • .. •~·•· T!1e vigorou, ·· shaking, .j~rredj looee ,,'~e .. ?zonated 
· surfao; ·'}~-J~•,:the main. bo_df ?f the Ptl.llet:~;; t111l!{~:;;;~e was . 
then. separated :f'roni. th(t r,najor · pox,tlon 01f?i.he mrii¢rial ·by · 

' '. '. i\ .. '.:-!/., ..... ;.·-,:;:,_;····,./•·.·-.. ;:,:,), .. ·,/-/,·~-:'.·,··.;:' °'i,,·:'·.· ;. '... . ' .·, . ·- · ·. . : ' '.; ( .\:/ ( ', : .,!?.<~>.\,;·/::/ ;.,;';;::~}\: . 
. -_ . . . . . . ' .· ; . . : ' ' . . . /' :'. ·,1 .. _ .. ,, ' . ' \'·-:' ' ;, " .· ,;:.·' .'' . . 

means of , a 'fine \ ;o to .. 60 mesh·' per · sq~:' ~j't\ l ,, se:t~e, · and put in a 

stpppe~ed, ves~~l~*· 'All 'oPer~tions· i~vof;in~· hatidling and ' 
, - ; , : . . -·, .;: r ... _.,J: • .. ; };i; ,· . . 

,. , • . - · , '_ : ·_-~,:, • ; .,. ..... _.1.; . •·• :.; · 1 •• ,_ - ~ '. .- . ,~-'.'. , ,;,,:. -:, ; • _·,,. _ .. :i·;·' __ · .. ·' , _ , ._ . . _ , 

' transfer of . thiSi,;Ozona ted '$'1rfa~e were: carried out in· ~1 "dry 
bbx" 'in' which t~e ~oi'~ture ,.,~·~~t~nt ~a~·, k'~;t at ·k minimum 

. ' ,.,:,r :, -:, ;=,, ·,-,' 

by means 01' powerfUl dehydra t.i.ns _agent:s ·su~f as"/phospb.orus, 
~entox7d~ .. ~1d magnesiunf per~hlo~at~. tlt~},OzoJt4 liYd;b:tid~ 
was . t~;·· w~I :hed on a . Gouy-type • illagae tiq; bala!l!~~if T;' · orde~ · 

,. 'rfL/~-/~::/-::"-/{;.·:/(;_:;-,: - . · - . - · · . . · .. - · · :.--;/;.·· ._: .- . · ··_''.{iI])t\(\: :. :: 1-.:).,~.f1_F : 

.to deter:nlne its .magnet~o ·susceptib;l.li t.f and ascertain. the 

:- .• • - · .• • . _ _ -_- • • ~,1. ·,·:-:·. ' __ ,:r:·:·. _--.~· J-~_;·frt\ ... ~- .;· :· ... ·_:~· t ;/ __ - .· ·_ .. .. :_: -;;.·_-,. _:': ·-:··_•_·· _:,- _: · _ . \•:•·._; . __ --· ... 
*Ground glass stoppered vessel$ w~e . found to be less · sui tea.· 
.tor .storage of the· ozonate.d :hydroxi-des .tll.an· werE? ,,vessels 
· equipped · for sorew-type ,caps . or: rubber s~opp:ers t p~ovided that · 
tne . latter , we.re -•air.tightt sinoe · the, grbli.na .·.siasa . joln:ts ·· snowed 
a sreat tenden'CY to ttfreeze" . if they wvre) ri'ot'.<eqm:pletely. · · ' · 
cleaned of alkali. · · 



74. 
netormi.nati~n. ot Nfap~etio · Suso·e;ptibilit3 

When a ~ubstance with a ,magnetic su~oept1tii11ty different 
' ,· ' ' . - _ '•, , ' . ,:;-\-'. ' ' 

,~om zero is .placed? in ~n inho.rnogeneous }a:ralle$ magnetif) 
., /i-i-.:>:::,~·•. <;)>.,::\~:·:. ··, .(: ~;-.-::· -. ..i}\\~i: :~-<-:<: ;i:/.:·;~~t· 

field• ··· it is subject to a displacing fo ; 9EJ ::prophrtiorial to 

its magnetic . su~~eptib1iity • .. This di~pi~~ing JGice is alao a 
function of·the ,magne~lc field iritensitl:,,::~iltl · tbe cross-sect• 

; '/._. ·: • • ' •' r • ' • ,<_ ,•·'.':•·,\ --. : ,· . ' ,, 

::,:,:\\/:~:. •,: 

ional. are a. of the subs tanoe. The Oouy iil~;t~oa. ut ili21es an .·· . 

. analytical bal.~J~. to meaaur.e tni~ fotc~(~s· a change in weight, 
. . . ,' . . -.: ./ :_:. ·:i;: ·;>f·:.::_::<)- _· .-·· .'' . _!<! . -., ... _· ·_··:::\:~\))}{/!';,·' .: ~ .· . '·.: ~- ,••. 
ot the ·sat11ple wpen. placed in . El magnetic :~i~ld• ..... Tne ·.$aniple, 

•. ill the toi-lfi .of i~ ~oi;enoous . d, l~ndeJ; ,~JJlf ipJded . tfooi · · 
be.lance. ar.m so. th.f;lt o.ne end hangs in thellJJ"egion. of m~:ximunr 
' · .·· .. · .,'->, ... '• . :· ·. ·'-/ .,·\::\ti'l.:;J . ·> . .· i ;.• 

fJtrengtb, . ot the \mago.et1o field and the otflelr end 1a assent .. , 
.ialiy. ,out Of . the' rtel(l. , The w~i$ht of , , ,i sample when it 1~ 

• • .t' •I .:, • 

suspended in tbe ti.elf.\, subtracted :troin\l#~ weight of: the 
. . . ·: :. . .. :- :· .. ·. . ' .. ·.. . \< '. ·:;::,.'.')\:::·.: · .. ,-:- :' . : .. 

samplEr in fiel4 ... ftee space, <g1.ves & meaeUre •pt the displacing 
. - . . . . ,. . . . .. ·.. ;. . . . . , ~· , ,; . •. . ; • :: . i - r-'; :• .. : ·:.: : . . . 

force . of' the field :and, consequentl.Vt ,a measur~·';ot . the mag11etio 
- .' • • 1 ,.,_. ' ,:\ ' ' ) 

SU$Ce1>tibil1ty of. the sample. 
. . ' 

:' ' . . . 

. · The l)rocedure for · determining magnetic suscepti.bility 

that was · followed throughout tbia study ~as as follows: the 
. -- . . , 

· calibration of the fi.eld strength was fir~t .accomplished by 
weighing. a k:nbwn volume of distilled (and deaerated) water, 

. . ·, .~ . 

tben the· weight Of the sam~ yolume Of the sampl:e b~th in and 

., out of the field waa determined - in the same weighin.g tube 
• J • ,· ' . ' ' ' •· • ' 

· that was Wled to. calibrate the 1'.ield .strength. The weighing 
' . ' ' . .' ., . .' · ;;_,, · -. ' ' '· . 

' tube was merely a fla.t•bottomed pieoe of ·s mm. o .• D. I)yrex 



tubing (larger :tubing was \l.Sed for ' samplef3 ot l ciVJ ttoz'o.nate'n' 
, . ' .• · .. l ·_; . . ,~ , ' . " . . , ,- ,. , . ' ,,. 

content); the tube v,a~ 'about 12 \,111. ln ,'l~gth ;if~h :a ground . 
', , ·. ' . - · .. ___ _, ' ·:. ·. : ,: '. , _··_·.··_ .. -~: .. ··· :, ., . ' .··, ·-.:::· ·.-:-::(i?<:·:f\ ;·,·.:·:::(;:,:,'_. ;:-. ·_.:._', :-; i; : ·:\, : 

gl.a'ss femala jo1,I?,t qr,, ,·'(j~~ ,9p~n .~0,.<l .~qd ,,wi t~h';'E;1~ j h4ex ,~rk on 
.. . ·, _: ' : . , ·' ' , "· , . .. ,' 

the side ~o provide -J:o,~ .~q.:i,.~Q~n( i,'l:\-l~ng ,~eptl'l~ :'.; ] ,~+~ .·jo~nt 
of the same . sfze, ·~.a.~4 ·,·~it~;4·:~~~o ·:-~i~:.te~J:[~: jiiiit~ ' i _t 

! '' '• • . I • I -; , • < ' , .. , •. : ' c ' 

was sea led at t!te to~ an<l . 1t t~d ,:\¥ t4 ', ai)J##Ji~\si ', r(ng for 
attaching to .a wire suspended ::ti.Sm th~ ,t~ki h'aJ~ --~~ ' Qf ': 

. . . - , __ . -,· .· · . . ··• - : _'.'. 1 ·: '. , .: : • • ·.Y,/rh.:;c•· '. • . ·.·· ... \ . . __ . 
a semi•mioro analytical balance. The weighing tube was sua .... 

!. .' ·: · :... . 1·- · - . ' .. , . ,· _.'./ ' ' .· :/.:> .·'··'· ...... : ' 1,-: ! .: i :";·-.,:: < .:_ .. . ··: 
pend~d an that· the flat bottom was exaoti_:y( in th~ oentet> · of 

f) • .; . • • -- ~, . ~- , . : '. ,_ .\ ,! \ .... ·>) . .>.:/./:.\-:'<·. J· ;·: ;., ,.,.! _i ' -·}. ·: -' ~, r·-:. _i - :· 

the m~gnetio fiE:_ld ?Ild the inue~ ~art _'W~i:i ~?-a6~d, ,7 :#-i .frQin the 
bottom or the tube l the magnetlc . field \~~-·; fo~d ·:t~ ·dxtend ' ' 
.radially ·only about ,;7 .om. from the ·cen\~if'~:: ::tn 'oi•d'~Jt:.' tha~:··no 
error 'w'ould be introduced ' by the' Us~ 6't:: ti:1y1ni::r~otints ' o:t ' 

I ' . ' . • ; , -~ ·;., " ' ' ,; . . , : . .. • • 

.: ' ' ' ·' \ _: .'· ·, ' . : . ·,' . ,_·· · __ · . . . ·:' ' . . : -~ ' -~ . ·-.· ... -·,_·:· _: ·_ .. ·._:. ·.'·~: \ ,,_ -~-.. :>): :. /_.-. . ., ,. ,. ,' -~- . ~1· 

lubx-icat\t from time to time• tn.s ;grcnuid g;asa ; j 'pi~tt ·of the 
' ' . .·,-,,; . :-, -: · . .- .. '· !(,:: ;,.: . 

:tieltl. 
. _,. , -... , _ ,, 

weighed ~,otll in. . a~d out ot -·the field. {Viater ,~e's.'.used as a 
':: ' . :. ". : . ' ·.- ;'_ ' ;., _ .. •· . ' ' , . ', ·: ; . . 

calibrating liquid Si.nee i,ts suoceptibil.ity' ,h~ij .'t~~en ,acgur- .· 
'·. ·, ·; . . ' . -~,- . ' . 

ately .determined by several;; independent' riU?'thods.,l · Th~ diff•· 
. . \ t·_', " .'. . ,, 

erenCEt- betwee_n the ~hange in ,:weigh:t of t~{3 , empty.'tu~tf;'arid the 

ohang~ in weight 'c,f the WS;ter-~ill.ed tub,~ was t,aken ~he · 
. .. . , , . ,'· ' .. ···-,.,· · ' • . . . ·. . 

change in ~;eight due to \the -waterf Tne;.~eight ipf the 'w~ter 
' ,. ' , . . , ' '• ' . ' , . ,..-·;.:-:.· . . - . ' ; :"\('}{ ···· ·: .. ,;.: '/ . . . 

was taken .as the volume, of,, the tube to· the 7 ~m.r mark~ assunting 
:. • ·,,. • _ '. · ' -, • ·•.- •• , } I ,'·-t; _1· . ' ~· ·'.'': ·. i ·: 'l._.1 i.' I f ·\,-:.~. ~. ,'. 'f •. - ~ ·. ~ 

the density of .w:ater ·to be unity • . The ~:ross ... aectlonal area 
•• , " ! ,- ''. • :' ' • J • ,, ... '.' ·~ ~- : ', . • ' _ i< t I " ._ · l , t _ ".·._''._: :._ ,', .· .. 1 f "_' :. _' . ·.'. ' . _ _ : . . •• t 

of the tube , wa~ readil; dete~nrl:n~a· .i;~Q~ .the : V:Q~~ .:~i · the . . '. ' . ' . • , ._, ·· ' . . -. . - . ' ., ,-..... ' . - .. , ' ;. 

height of the index .mark~ From, these dat~h . the .magnetic 



76. 

fi~ld .strength,. H, was det~rmine~ . _by m.ea.n~ ot t4~ formula: 
,<' . : :. ::- · . ' . . \ . ,--: ' ·-_ :• ·.· ,; ·>.'• ' 

B2 · ~· · . ..... , 2 ,w lwatei-> -• .· .......... . 
·· · · · :l.OJ.9. ~· area x· -fkw ~. kal · 

wlle,:e kv,, tlle.J~flilne ll~S(?~Pti~i~J.~ o:f. w<l~~~. "'.rO,?z 7-. ;o"6c~s.u • 
. atid ka• ~he 'vb~u~· susceptibility of ~·a1m::e,:;tP•03 ·x ;io .. 9~gsu. 

' • · . 1 . , . - -. . ·, . I , . ,, , .,, 

fhe tig'+t'$ :f~Ol? is a c6ri1teraion facto*;": 
The ·~e~stiirig 'tub~ ~as · thtm 'drl~e~-w~li •. ~rul filled ' to 'the 

index muk v,ttn .. the aocliwn 1•ozonate~. p:J~tieulal' c~re being 
•·,. './ 1•'\ .,'.I·,, •. ' . O :-~, ' , '' i\;/_:-.-\: .. ,_·,-·.· . , .. , . _, • 

taken t9 inaure\1 hbmogen.eo~s sample ... :1*tl~ differe.ttce ' between ; 
. '._·· ' -' •· , _::·.:_:-.;_; :_; _ ··_. _: ,.-:\·:'.·· ·<i :_ . ·. :" : ' .:: .,_ \·_;,.: : ·_ · _ _ .. :·-:·:>·' . ''."\<·\': __ <·:,>r . .. ,, ·.- :?'", '. ,· ir _ : 

the ohange · In weig.b.t · · (due to the ttia.gnetj;o,, t .;tel.d) ot the 
. . . ' . . • . . . . . ,. ' · .. , .-... . ' ·,. .. , ,._. ·. . . . . ' --_~'. i _/~ .. ' . • . : 

sam.ple-till~a. tiube and the change in v1eight of e: the •etnpty 
! , . . • • '-· . . ·, ·. :- -.. ·;- • . 

tube was t~:tten·:ae the change in weight, dti~ ' to the safupl~ .. · The 

vol time . s~s~~p;lbilit;: in ~: u~ts per ,-tnl~.~. ~f the '~am~ie 
·.• , . . ,- . ,. ..' , , .. . ,. ' ,; · . ., ·_;;' ·. ' . 

was ' then ,oalc'ulate,<1 by means··-ot ·the ·equation: 

(2J :k = k + 2.awJseunple] 
· · · · · · a · ·· 1.019 x area x)I2 ;. 

where H is , the : (apparent) '.magneti~ ' field lntensity caloUlated 

from eq~tib.n 1 t'll for the . particular. weish{ns: tiibe used~ arid 

varies with· dift~ent ,,~ighlng ' tubes. · B§ 'sub~tituting 

expression tl) f9r H2 i.h e:itpres~ion (2):/iti si:~ier·'expressio.o. 
· tor>the volume susceptibility is obt~ib.edt 



'.tne. gralli susceptibility ' iJ3 readily 'd~:~ermi.n.~d bj' · 

dhidi~ll th~ 'tol~e ausCe~til!ility by \,fu, ~;parlfut. deJiitY .. 

of ihf3 8 ample ; 1:t~.~ ,bf iha ;ei glit · ~f iii~ ;~plJ di !f d~d . 

. by .the volume .<>t ~ube . to 'the., ind~~ ·.~ ~~'• (~inrie .. the 

. apJ>aren,t dens.~~ •ap~ro~~h~l t~e y~lle ~[f~f ;1;~f ie~~1t1 
as th.e packing . ine1~;~ases, the sample: w~s :_::paekeo, .;.in ' th~ 

(·, f'.:· ·:-,· .' ' '.. ·· .. ·.;: .· -:.- ->'.!:":·i>r?~<~:. -'. ·-_ ·-: · . . . : .. •.:•·: i ' ..-.. -: .~:::_\_ff)f'.:_;:;: .:t>·'_' _: ,_ -_·\/r.::(_:_. :: .\ __ \~> 
weighing :tube as :much· as ' possibl.el~ ,iTfre\ s,impl.iit!.e<l. / e;tpression · ·· :. ·. ·· ... • .: · .. ,. · • . ·.·: / , ;v .::;;:'W.if: . ··· ., .. ·· .. ·· · ·. · 
for· the S:r~ susceptibility can be wri,t,~.t:tJ 

( ,>_:,-X~J,'-'~·,::·v<koJ ,.:. o. 75: :.·~;l::~~.}>. '.: · ·~}J';q!.~·;.~~f{?Yf:~:¥;'.~':css~~/g~·. 
-,I!l,asm.Uoh as· :the magnetic fi,eld•' Str~n.,gth ': andj,/ :;conseg,uently} 
.- . : ·, ... . ··-,.. ;:.," .> I . •· . - :..-. , ·'· . :", ··1t ?-· :::_,:,:•·( : t \ ·: 1' , ~/;<'·:·_ ;· . . · ·- ,. ,, . _. --·:·· 

the change i.n weight var:t.:es ·witb.. tn:e i S·qqa.t;<if. of the current, .that 
' ' ' t • • " ' . • • ' ,~ 

passes· th.:ro,ugh·, the· ooila '.of · the Jltiignet}'. '.:iiit kagheti(f m~asur,e-/ , 
' ·•. ' .. ' . · . · ' ' ' . ; .• · .. . . · · .. '' ' , , ' , ;_';:)/):'; ,; •; .': ,, ' : ' ' ' ; ' ' ' ' ·,:, 

men.ts were. reduced to an . arbitrarily ·ottosen,•reterenoe ,·value ot · ·• · .. ··· ·•· . ' >.·, .. : .·.· : · . .. ··• · :· :,,- ('\f;<,:r: · ... :, ; ·· +< · •. • .. , :?· 
the cti.rrent ~• Measurements taken ,at ~y;&~h~r cui-ren t reading 
were first red~ed to an arbitrarily o'hd~:~r1,nstand:ardized" ·, 

' ' . , . .. I • .. - ~- • .' , , ••, •• : •• ,• ; •:. , ' ' , - • ;' '• }{t<:•:•\< .. ,••".-'.• •:~-, ·•<., .,: •••,.• •,· · •, •:-"• ' "••: 
c,ondition, based o.b. a coil . current of 6t30 amperes, •by m(;,aris Of 

• < . , ,.". •• • • • • 

the expression: 

ti wr· .I 2 -----=----·6W6·~·,o : ·•• ·•.(6~)0) 2 ' 

~·w6 . 30 := . ~w1· x ' '}6~)0)~ ' ' ,' • ' ' · .. ·· ' . ' ., ' j2 

where 6Wi is the ·c,bserved ohan~e fn weight · at S:· 0011:
1
, ~':1!r,ent 

of I amperes» an~ l\W6.$0 is th~ oh8llge. ifi, :!~~gfiy at a ?Oil 
current ot 6~;30 amperes. · It,:waa found that,- $1.tipe ).the, q~nges .. .. ' . · . ... - .... , . , :-- . '. ' ::: . .. ·~· -· ; , . ' .-: ' ' ,_; . 



the orde,: 'of a fe\V milligrams. a variation 1n the ooil 

current tit a few hundred.the of an ,ampere yJas s~ttioient 
'. ' . '. "' . . · ' ' .~ .' - ·, .-_ . -· . ,· ' ·- ; . _., . ' 

' to appreciab'.ty alter' th~ ' f ina.l results; ' therefofe' a . :, i, ' . . .. , ' , .,.-,::.-• · ,· .. 

Weston 'P,reoiaiori. ''Annieter}• w!ii'oh , coul'd,, ~~\:. i~ad 'c1io O.Ol 

ampere• was , 11sel tor current ,'r ,eadings tli~i~~hodf all mag-. 
. • ' . ;· ' :·.: ; -·, . ' ' ', . : , ., · ! ',.,o.:;;_-;;_:·-·::---;::: .: , .. 

.netio measurements. Errors '(\Ue , to ,: tluotti~£1ofis· in line 

voltage and, 'oonsequentlY, in , coil ~ui-r~~:~::wei-e :',ted~~J·a. 
.. :: i_-:-:-::•_--/_•:-:,::;_(?:_::·· : .•· , . - , ... ·: • .. , ',. . ' - , , ', /:' : ·:: '..·l<?i?<.:.;·_:·:'(:J:-::<::->•·" ·.<·<//~';, ,, •/ '·.::•!:< ,;'" . ' • 

by taltj..ng se'f,il"al. . cu.r.r:e.nt readings/ du.riijg))each ~asu.re• , 

melit @cl JfeO<>~ing the ave:a~e val~e as}l~~;_.~al~e of ' the 

eurren.t •. 
· Ot1emfcal Ahal5!Sitt il, the S,amp1e , • l~ethod §!:, M;xturea 

r· . . '.._. ·- . ;· .;._,.</r:>•:;:,.. _:_:. . . ·), -:·- :~ 

The ozonate\\ alkali ,metal h$d,roi1cf~~c; u,sed in t .hie study 
. . · •. . ". .·' :' . ·: ,, '," ' . ·_,\)\:\?·,·. ,_ i_ ,_· ·,.··:::\ . ! 

contained, · in addition tc;.tne llozonate1',<varyi.11g '·.• proporations 
·.o.t unreacted hydroxide~ ~ater ·-:of ·h;a'ration~ and;/fexoept for , 

' <.<: .' .·' ' ',< .-' . ' ' ,' ', .. ' ',' ; ', ·.,, .. :,;, }. ' ' ... ,. ,/;[i; .· \ •.. · 
a few or 'the cesium samples) alkali metal, carboi:Utte. No 

other oon1pou~ds· were found to be pr~sen1/~\·tllerJ~ore the 

ozonated 'h.Vdroxlde~ we~e treat~d.' ' as four~~ompon.ent mixtures. 
• ' ' ' ,, • : •' ~· . ' • > 

The few oesiwn . aam,ples which were found to contain no · car-.. , ' . ,, 

,· ' . ., ' .,·, ·' ' . . ·\/: :·,·;, ·, 

of "ozonate"~* and carboJ).a te were determined gasometr1oallY, 

*This ammet'er is r~cognized by the u.a. :au'.reau ()f Standards as 
a eeoondary . standard for reading ou,rr:ent, a silver ooulometer 
being the only recognized prima.r.v standard.: · · 

' • ' . . • ' ., ''1 

**The amount of "<>zon~te" was determi.ried:{gaso.metrically b.Y the 
.method. described · later iJl this section.. /.The deaoription of 
the analytical procedure in this sectio.nJ.s t,hat used tor 
sodium . ttozoiiate", . although the same · methoa. -was also ,applie~ 
to a.nel.vaes of the cesium and potassium compounds• 



·79~ 
the .amount or unreacted. hydroxide was obtained ti tr.imetri• 

- ' . - ,,, ' ·. · .. : -., . . \·::; ' ' ' ·; . 

oally, and ' th.e watel" content waa deternii.:0.ed by·;~i:tterenee • . 
· - · .;· , ._ ~- .. · · :_ - ·. . · :., _,_.·\·_;\r.<:yt .:.:·-- i-,. ;._- ·: ·:._:).; ;~;': . .._ -· '., : · · -

After magnetic measure.men ts bad . been taken (on a sample, 
';' '. '. . . ; . ' . ' '' ' ' .· ' ' ' . : .y:> ' ,. .' it:•: ' .·· ' . . .• ·.• ... ; 

a portion was transferred. ( in the "d.;1'9 bpx}tl . t,f ·a small flat~ 
• • I ' ·• .,· ,'. ·i 'J' 

bottomed glass Jrisert which was of sufff6fent Jf;e to flt 
; ' ·, ,: • :._· . -l: i. . .· . . ' .. ; . <·· , . . ' ' -. . . . . ... 

into a stand.ard. v,elghing bottle and am.~1i: '~n~u~ ·•to r1t in.to 
the decom;osi,tioti ~hambe; · (B . cf Fig •.. IV) -:use~ i.h1; tb.e ·, ,gaso-. · 

/ :, • ' ' l I '. ·, •• ,:,/_;'_;'.(_:·i :"·; ., ; : :· 

~etrio analysis; , a small glass hook on tri:~.i1nside of· the _ 
I ' ' • <' ," ;• I.:,;. ·\ <1 

insert perm! tted )the lowering of the samplf~filled insert . · 

into the wei~~{!l-b~~tle. or dec;omposit~o~SJiamb~~ by ~eana 
. ' 1 • . . • , ' . ; . . , . ,' . . , : (iiy~)?(\i\ ,; . ·:,:~/ .·: _ . . ' , ·_ / 

01' a ;ong; · hooked wire. 1'his method or::;jjansferring the · 
r ..... r.:-;t/i- . , . ····.:1 -:.. ·, , -; .. _;,., _ .• • -

.,. ·/.;·:,'_;._.,_: ·, . . ;_ -~~tf :';)"'.',:~'.,-\•.\ '.,>::)'/., 
'sampie Was used -.$p_ that none of :_ the s~mp+~ would b,e ,lost ~ d~i~g 

transfer to thedeoomposition ·o~amber. 
. l . . :· ·, . - . . . . ' . ,. ~-; ' . :> 

The weight of the samplt:f was then -dtitermined, by tneans 
. . . " ' ' ,' .·'. - .· ' ' · .. ·. , '. ;; ;' ' ' ' ;:,,\))}i ) ' ' .,: : ' .· . ' , ' 

o:t an analytical balance_. from the . diffe:renoe of the weight ot : 
. . ·.. ; _ • __ ·:,-:_ /;:.._.. .· ··. _ _. -·. ~/ : _ ·._ . '. _,· '_.·. . -.- 'i\::•/i>}··:/> . ' , · . . • · · ··.:.: __ l_· _, , . 

the sa.mple-1.nsert ... weighing bottle aystem,>',an.d tbe weight of 
, , -.· • . ' •, , .. ; . • ... : , • • , . . I ' 

' ·;;- ·_:·,: -

the previously weighed insert-weighi11s' ~·~\tle system.~ The . 
. . . . . ' ,' '} .. ,,,1.'•.: , . 

sample-tiiled inser,t was then '. trans:re'rr~l (i.n the r•ary box") · 
•. ' t)?~t,'..;}:·•.,:: -'_.!_\J:'.:.{','/, '• . ' " :, •-·: I . • :•• · ' ', , . , -. , . -•c..c~ -. , -• ., , . . , , .. . -.• _; : . . 

-to the decomposition ch.amber (B). · . - . . ' ' ... ;' . : , 

' . 

. Before connecting the deco:rnpoaitfon :>ohambef .:to the main ,.·· .· . __ ·:-.:~. _.-.:. ': ,· . ,_ .· --:~f;\. . - . , · .. ·. . . . _ . .... \ .' ·: , ,:··:}.(/'•.- :_· ···/\ .. _ :· ' . ,, ·1···· .. 

. body of the analytical system (Fig .• IV) , >, :{;he oap:i'llai"i • tubing,. 
,/•:, , . . ' ' ! ' :;, ;·J; 

' .. ' ' . . . . . 

sitio.n ·Ohe.m.ber was filled with . the decornp;osant to .··~ referen<se 
. • ' . • I . .• .' · .. _ • ' • , • ' .· ,.-

r , 

mark on the · sf~t of the ,reservoir. The decompositi.911 -chamb~r( 

containing the :~•ample was then · attach~,d ,:ii.'i the ::main/ body ' ~;f . . 
,,,_ I:. : ;· • ' . . , . . ., ·,:, :·, ,','; ,· ·,. i': . .1 . . . 

,t.tle ·system, the •:ground · glass joints rna.i,n1i~i_ri.ed 'ed:r•tigb.t by 
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mean~ ot •silicone lubricant, and held ti'gti.tly by me~sof 
rub be,r bands. T.b.e en.ti.re system: was then flush~ well wi ~b . ' . . . . •· •.1; ' ',: ... , .. . ' ' 

~Y oxygen. f:rom. e. tank of o:g,ygen ~hat ·was -:pa.ssecJ.!,, tnrough 
~-- ~o,lumn of magri~silltll per~hlo.rate · (i o~ Fig~· IVl; Md the . 

; •. , : (C -~• ' .•, ' J ___ •.,, . ' , , 

system then closed by. meims ot .stopcock~ t(A and .i·F) •. The · 
,· > · • · . }, ·._· ' ' •• ·:: • i,_' • _. •. ,'\- .: : ; , . - ., \ . ' --~·)\\·_\: :.:'·' · :_/•·- ' :_\_: i :.·,i-- '. ;. . . 

. levels ot the two mercury q.ol.wnns • in. thef)gas-coilecting_ 
, , - - • :_: _. ,- ' ' -_ - ' . ,: • . , -,-. __ , l' ,,, , . . , _. '.· ··: . .. _,- ·. .· r _;_ _ , ; 

_apparatus (D)we:fe :· equalized by loweri!~i {the mercury .reser• ,. ,. . •, . . . ,·;. ' . ' ; . ' . :.-<;:.']( :,;:.::·,:.~ 

. voif (E) arid the /'readi.ng of the · burette /ti'aken ,as· the initial 

' voiume. '. ,A kno~ll vol~e Of stand,ardI;ea/!~jdl'OCltl.ori~ i acld 
, . . . . .·· .· . . ·. ' . . ' . . ·.·· •'' ' .. · .:.}\· ·,: : : /: . ; . . 

was added to the deoomPosant reservoir by{mean1f :of .. . ,a oali• 

. bra~~~ . pipett~l the volUllle . ot aeid .to . b:~/hsed· w;t~,. onoaen so 
that ' th~:. resctl ting solution ~voul~· b;~ ~B'i~ic~ . :,,,., ' 

' . ,?i:f{\t:~/t~.:.~\}/i/Y ... . . '.' ., . \ ,I\ ,,·:\\:•t:'.•·,, .. 

11.'be, hydrochloric acid was :then edded:'::slowlY· to the deoom-
• ! : ! )" ' ·•. > ' ; • ' • • ' · : ' ' • ·.· " • ... > . .. : :/.\:'.. ' • . . . ' . _:,,: . ' • . . ' 

,POS.i ,tion>lkchamber ,hr9~gh the sto11oock wll{on . ~ep:at,teo/ it, 
f~om ~he,: decoiti~-b~aiit r~aervoir~. ~nd ' at ·~:~;, ·S~-~e· time~ the 
.. '. ,: ', ,· ' • '_:;· __ ::,..: .. ·:_·i•\:> l~.'° i· ., :., ,·., ,· I; .:·.:.·; . ''. .:.-• , ~c , \· ;' - .·.<:<t•:,:::\ ; .•. •,, ' ;,· ',' . • . • 
l .evel.2 of the ~t-cury ,; •9_olumns we~.e lte.Pti ~q,ual <by · lowering J;he 

. " ,,•··- . . : i·. .. ' · ·, . '·.•· . ;., _:;:.:/~ _.\·_-... . . .- •. 

~eroury . reservo:1-r. When t.he .· 1tozonatett .tiad) col'.ll!)letely de.com- .. 
' ;,·. .. . ; :: ~-', ' ,.; ' .·: ...... -:-:_.:·...- :. ,· ; ' ' :: _·' 

• ' ' ' , < • ' • • · _, '/f{~:~\\_ ;._._ . ,::· ·., 
posed,· ·the· s.ystem:.waa permitted ·to ~tand,?tor, 20· to · )O;-mi.nut~s 

.so 1ihat it w~ul~· be .at :temperat~~Jfi•1;ne iib~rate~ gases 
. ' ,- -- , ., ., .. ,, . :_;,<~})\,/-: 

were ·l.!lixed well:· by first forcing the ga~:iin tnl. bu.rette ba.ok 
• . • . : . • . •. • . ·. . • . . . > . : , • • • • • y.:(:;;Y: ' , , . . '., ' . , . : 

-into the ·decomposition chamber (by .·. means;'of: the/: -.niercury 
. .';·.,, __ :~ -'/.__ .,. · ,_ . ·,. ; · :_ -- - ,- - · .,. __ ·,. .</i;·:'Y··,·.--./ :: . , ,...- ·-,.-. ·-_ ' 

repea'ted· for several tirnes ·tn, order to ·Insure: complete mi'Xing . . .. ., . . ' ._.: • , . . . . 

of the'·ga:ses, :·wbioh were o:xygen', carbon d,;oxide, and wat~r 
vapor. ·· 1he·: mercury• levels ~,ere then eq.ualized and the volume 

;. ,. . l <' •.. . ,. '·., . • 

ot collected gases -in th~ b urette recordeq. as the .tot al v~lume 

of gases, less the blank, .The stop~o~k (G) on the potassium 



burette , turned . so t .hat the ; gases in the .buf;·ttef:were· tree . 
•. ' ·•· •. \'i\fti:K):{/\;;;{ . ·.· : , ,. ' .' . . . < ' ,, .. .. .: > ': . ~r,•~j~';}_\;!; ·,;if*< > . 

to .. come .in . 0011ta.ot with the o.onoentrated ,pota$silum _hydroxide 

ii11;ui,f on, 't\u~, ~~;;i .~i~SE,;i. . to th.: , Jna.~/1 •. ~~l,,)~; Jt~ , ;s. in 
' tne. deeompositiSn. chamber~ . , . The gases W~f~) ~.b.elift't>roed into 
' ' ' . ' ' ' ' . )' \', . ' . ·. •. . ' ' > ' ,· ,· . :;;{\s\ii]:r· '.{{'; ·. : . ' •' < 

the alka~1 .solu~ton; by . m-eans ... of .. t .he .. mer (S~i-Y. reaervoir1. where : 

·•·•·:~::;::~·~~jisw::8a::::b:;;:::J!lii::;;\::·'.:::assi~; . 
. burette by aga.:t¥ l.OW(;)Zillg t~e ~e,.-c.u;-3' ~µ::t~\ unt:il ,, the .mercury 
. leVE3lS we~$ eq;~l~ . 7!h1~ Ulelll~Uv~t r~~ti~~d··~til ~.o .· . 

. •··. . .·. . . .,· . > • . . .. . . . ·• . .• . . . . }})';(:/ .:/ ' ' i ' .. 
volume· ·dec~_ea£le,·V1as i.n,oted .. ·~·rte~• •. • .. pas·$,age,(:¢t; igas .into . the 
Ellkeli. eoJ.uti~n~ ·· .·.•1 .~ .~. · u~ .. no , mQr~ · cJ~Kiri;·;~iOJtide was •.· removed.• 
. ' ' .. , . ' · .. \,t ' ..... --:· .· .. . ·. ·· ·.· .. · .. ' >. · .. ::;;.:\· .... .. •.·. · •·· .. ... ·· •·< . ; 
Th~ total. volwne :decrease- in the burette}was recorded as ,: tne 

;' --;' _,_·. ~· : ~,_; .. : ,,?.~ .. ·,. ', ' -. ' ' 

. volwne ot ea:rbon :aioxid.~ absorbed by thJ[;~llcali',.' and the per-
• · . · •... . •.> . .. > /i: ' < ., .:··· ' ,. ' i;"/: " .· .. \} · . . · .. •·•' .••.•· ' ,. ' 

· oe.ntage · ot. oarbon . di oxide in · the sys tern <caloula tecl by di. vid- . · 
, - ·. '1 ,: . .: ; ., _·'.-,' :'. , · , : · •• ' ; __ , . : ., , . ', , ,. . . : ' . . _ ; ·. - , ' : ,. , ' · .. :.:·< ;.,· .. : :· ·,. . ' ·. \, -- -. . : ' 

burette. be tore absorption of , the . carbon . dioxide by the alkal~ • . 
' : .. ,_ ,• ·, .... , ·• . :; , . < ' ,.·.,· -i~ . 1- '_. , , '.-. , -, . (:; ·. 1 :'-,(\'.:::_>/' ·-;. ·:_·t·.: ,'" • _· , 

The number of mols ot' c~rbon dioxide in ,the lib.~ra ted gases 
·" .- ··, . ) ' . ': 

was deter.mined ' by .mult!p°lylng the volum~ '.-~t the syst~lll (l,esa 
:·.·.-. ·,·,. '': . " ' ·.- ; . ,, • . .. . ' ;_:.: ,, ;':~' ;-_ . , ... ,- . -, i;:• . :t ·. . 

,the ,vol tune due to t:ne . d.~compoaantJ by the ,Peroehtage,: of 
,. . ; , : . \_, ,,·., - _, -,,._. 

.,tolµm.e ot the <6atbo,n .. d1o:xide t6 J!tande.rd .. ~ondi~ions o'J: temp~ 
. . ' . . . ' . ' . . .... . .- . , . . ', .·' .' ;. . . ' ~. . ,. ,, '·, ,, ' . '. . . .. :, ' - ':"' . 

eratutte and. pr,esau.re .. * .The eilllount . of s.odft1m . o_arponate ,present 

in tbe .srunpl~ ·of o·zona~ed·.s~-di~.' ~tar'qxi·~~w: a :~he~ o~tained , · 
r. , .. - .. ·- .- . 
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and the perQenta.ge of 'sodium carbonate ln <the s·ampl.e, oalcu-· 
• . . ' .. ' . · .- :· _!. , > ·<:,·~ .. 0

•0 • _;~,.' ',t .':,':_ .. ,..·.· ;: · .,, " ~'-·· '-. . . :·.:: -·• ... : . . _. , •· <> •:·. · .... _:· 1 ·///::i·: '.,' 
lated from th1s value and t1ie weight or ',the s ,am.ple. It 

., ' ' , · . ·, ,. . . .. · . , ' ' ' 

\Yl:\S .. assume'd tha.t,:the darbt?n, ·a1 oxid$' ~~su{t~,d ', elltirtdy ·. from. 
' the re·action' of:}i~e ~arbonate·,, ~1th h,ydr~~·~{,rioL::adid ~.;, X.ath~r 

, . ·- : :-;·,:·c ··•· . -· . . .,,, .. 

than :t'rorri any b!carbonate. ' . . . 

Of the blank. . ;:p~ volume of tliia bian.1/ i,•s ?:educed to · 
' ' . . .. . . 1·' . 

, --r:, ;:: , ·•,· ,. 

~tandard -con di tiolis . of ,, temperature and pfessure:f and, r~-
- --. . , . . ; ; . . ·. ·. ,· . , 

adjusted to the ' experimental co'~di tions /Bi• '•tem~erature and' 

preeaure ot ' tfie · various analyses. : 
ThJ1l:iol.wiie of o:xy.geb. liberated from ,the "'d~biia't•~'lt was, , 

detel'!lliJ1~<t ' by ' subtracting . trom the voiwne :ih i the burette ' the 
•. . ·. '• •·.·,' ' . ,· ,',,, · . . 

voiume due to . botn tb.e bl~ and ''tne oa~ll.Pn di#M,ff~ ·_ The ' 
,_., .. ·, ···.'.·, .. ,, ·: ·.'·._: :,·. ~- _,· ·; ' ': - __ .: ' . ·; ·: .'. _' (:'.::-:>- . . ::-.\':)_: ·;·\ ' . . number ot .mols ·ot oxygen,, was · determined by . reduciijg: thi"' 

voliline ' to stanA,tifd 'condi'ti:ohs,' 'ot ·' ieni~~r~t~;e _·Jk'.•'. ;~e~.~ur~ an~.·•, 

'divid.~g ,'by '22~ 400 • . , F;ooi ~his . ntifuhe; 'ot ~ols ;, ,;fi t ' ,ox3geil• alid ': .·. 
, \ , , '.<11~%'.t"•'', \:'f:\ .. §i : , . . < ,. · . . , , . , . , . . · · / \\,:t i<· flK:::1p/JD';i,yr;( · . . ., . 

. t,lle', following equations~ th'e amount o_f Na03, . Na(li, 'Na0ti•Oa, · 
~r· (Na0Hla•04~;'. re~~et,tfv~t.v, . was d~teinil~e~ = . 

. ~a03 + 2H20 r;: ·4,NaOH + 
• • • • : • • r~: : , I· .::_:;-:~-·,_ :~_:_./ · •1 ·., . ~---. ~- .. : '···._ ,_· __ ,' \ \ 

4Na02 +. 2H2o ,:: .4'Na0R : + ~Oa: 
.. _.·., .. -<: · ,:.__ . ,_. ·;,_ ,.'. ' .•· ':·•: . . ' :.: · ~' . ;., . ... ... ·, 
~~9H•02 -= ~aott + .,02 : 

Jt~t:iOH)~ • o~ _i ·2NaOR ··~ 02_ 
. . . . ·•. '·'· ,, 
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Tbes~' ·:ec,rihui~s_:- ~re · the . ~od.ium.<an:alogs · <>t' -postu*:~t~~ ··f .or.mulas 
for _:pota,iEJ.lum · ~•ozonate1~i. The ··.·:ft·rs't.,._-: of ,: tpese. wa~:• :s_uggested 

· .. bY••· · ltaza;!'~;1kl1~' Nikol;kit;· .•. ~4 ibf et;6~~~ { ....• tli,~if":Z~ful4,· •. bt. 

: aae1~r. >.;d: ,n~i~f ·. and;, tfitl i~s t two ~+it': ' . ' 

~inc& the,,r~etn.ol of g;iJtures" 'Us eel 111 .t11ts st,jj .was neces .. , 
$~r111 an tn't\J:;~~t ~PP~a~4~ ·a:t:L ot · !!ne~;~i;;!>ssi·~t.iJii tiie~t . 
·••· .. ·. . . ·• ... \k,I:i/.:,: ': );::,,!_,;;>;; ,·:,,·:•.' . . · '/·i•·_._.··· ii .. _,·, : .. ·· ... \ ' .. . · · .. ; X;/;'.J.:it!'.?(<'.; . . j,\i}}'.{}\t:•:•_:,t;() 

_ w,,~ -: ca.n:stde-redi ~:4.n.) O.rd.ij;.t' tQ·.--.t\et~rnti.ne vdttioh\.t>,es:~·::··t1tted: 
·, ; ·,_' ' : ·. ';, \ ' .. :•:<\:}.t.f'i':f ,·:_: ·_. · .. ' · .. : ,, ' ,' . ' ' . ,_;·,.•_.:,;,: ·: 
. th' · e)t!) Elrl,me!\~~7 Z,'clitt~. 

. . Tn~, 6Cft1ig1'.;~~l..llt 3.o~ 7eiihitn1ng ·;n . #~, i/i!~QOlltP(>si tiion .. cµEllllb~~ 
was tti e.n 'ti tra tJd ti o , tih e Ph e11ol.ph thal!'}iJk;i;~: '»~inili• w1 th . ·. · .. , . 
j>'' ' . ' ' . . ' ' ' ' : : : ·' . . . . ·.. ., .·. .. . . . . .• ' ': . i'J;"?'i','i?:; :.. ': : 

; . :~ tandarcl~ied '. S~lfil11U hY41' o~ide solU ti 011 .,:_jfj{±,~ tlie knOWA 
. , . :: ._ , : · ' ' .:}/}':,f.}\< . . ''"'. ' . . · /, . · •.-• . {\)J:~·:;)(,}:: ·, .i ·•r!;, : , . ·. _ .. 
8Jllo$t(>t h,t\ro(ililorio Eleid which was .~,~~$nally Elddedt the 

·•· atnount • of base Qeed . ill ·~he baOk•utrat~i~/and t~8$lOU!ltS 

.of·. carbon.ate $la/ozonate"·••·prese~t .in,. J~;t &••ple~, the 
ammln.t Of unreaii;ed·•. hydr~ideoriginallg)J'.~J:eeqnt ~as , oalO\l-. 

iated~ The lattei, wa~ d~tetllli~~d by a~bt.~actin~ trom ' the 
' . .,, ,' ' : ; ·· ·,: .. ; ', . / 

~um.~e:r or··eg,uiva.:+_ents of acid -adde~• ·-~b$::.#uniber of: equivalents 
of base. usec;l in the: back--.ti.tratiori, ,aml: :ibe · n.um.ber ,~f. 

> , ' I r ' • . • < •·• ! ; ;, :: --- -' ', ,,. , , ' 

' eqUiva.l.ents . ~f iicicl used .t ·o decanpose brith carbonate and , 

... ·~ oioneite" ~, and· ~~ib1 pl;;ng · .. by ~ll e eq ui v-ai~~t . w;ran Ot' .. sou~ ·. 
' ·}, '• • ' •,', . , ' • . -; , · .. ' - ! . .. :·,- ; 

. ·, . '·"; i' 

.hydroxide·, 'lbe· weigtit of .water. in , the; ·sample wiis obtained 
· · , ·. . · . . : <,' : , •, / , . , .. ·• . > , )' :_ · • , · . . , . ·. . • ...... • · : ", ' , < 1 · __ · _; : ,- i • ; , . 

1 

by eubtr~~ti.ng frtwi the :- to~t\1 -weight . ot·<t4e · -sample ';the 
· _ .·· · '. ;;'.( ·,-; > · .J . • :>.- .- ·, :_ · ;·> · ·< · :· - ,::-. ,:\\·i . ·· .er,·_ · _ ._ , 

:weie;ht··ot ' the -.·~.ree ·an5t9tioal.l9 :deterJlli~ed -comp!lnents.-. 
. Fro!ll tne'. tOtEiJ: w~{Sh~ ot. thl3· aam.tiU 'and ,.f;Ji.tf ·emouais of . 

' .· ., , :· ,._ '•.i·'· -· . · ,, ., .·, ' . ·,. · ... ·. ·_. ,.·' ,,·. ' . ... _, ..... ·. • · 



oarbonate pres~nt was . inva~fable. !•~•-, did not :,depencf 011 

the assumed f6rmul~ 1:~·r ' 'the "ozonat~'«f : B6\Ve-ieri ''tne· reiative 
.· ' . -·. ' ·.-. : •' ,·.:• .~. ! ,< . ~((, ' . 

' ' ', ' ·1 ;. • .... ; 

percentages of 0 .ozonate" and . unreacted hydrrixid~J di:tfered. 
•' : _·. ; ·.• • ' ' ' _·. • . ,, •'· .• ; . ·,:. -;,: •. • • :(, .''. : : ' . < 

:, · : : '•, .· - ,:: _,· ,; -- _ , l . . .. . . ' ,· ' · .· ·: t·' -,.,::~ --:; . \{?·, ' -'. _'. 
with tbe 'formula which was . assumed, even. :,thoµgh [-their sum . . .. ,. _ _., . '.-. •· -· . 

remained· constant. 
Once . the ', proportions of , each oompofr~.nt waai)krio,1.b., . th'e 

" _'-•. ·.• _ __ : __ _ , • ): ._ • ; _ _ · l , · , : , _ • . _:. :>--;}'./,'.::·::.··.,_ • , --~'.\,:?\\_·· - ._ . _ "' 
gram susceptibility of . th¢ ,ttozonate0 ' couldt.l)e ea)Jouiat:ied 'fiom. 
. , - . .. . . · ,:.,:x,) .,,, ,f:;(,, . ·. • . · . . ... . . . : .· •... · . , . ·rtr':i: • · , , rtti:,::,:',?J\(( · , · · 

tbe gram susceptibil ~. ty . of · the mixture fH1p.;:·:Jbe. known sus oep• 

UbUi ties ot th8,ot4ler · three Componente"i'IJ~in~ 0ihe' Wie~eJDal!P 
law tor ' the' 0addi.¥i;1t;· 0~ s't~s~eP,ti;i!it1;~~~;1, ~l&s law, :whio~} 

i C , •, •: •• • }••;:.,•:<{:)~<'', < '• ,:,._• .. ,:, • , ( : , \•. :• , ' •; ,•:,--:) :_.,r•i ( :•; ,. :::_::•',,.J,:\}/\.,.~\_:,;;•::•~: .••.~. > <' , • . ;,_\ _;". • '• :: __ ,.. ;_ .. ,_• \ . • ',l , .•ti 
states th.at the .:masuetic $USCeptib!llty i?t/ a·'.inixture <>t ' two .. ;: .. ··· . ,· . · ·<H .·., . ·:, · .• .. .. ·.:· ?HN'f\i:,~;((:;, .·. ,.i i ·• .. : __ · . . : .· ·>-
or .more com.ponen'ts is equal to the ewn :(?f)/:th,E}' :$usQept1bil,ities·., 

··: · : . -· ·· . ' :· : · ._; ··.~,.- -:\·\._ . _· · ~; · :'..~ , ·. _ :r ·: __ ' :_;: ,; '. , , ··-~ ':_·_,,·;:/'_f/{~r~;'.-'•.:- ... /,:}\.:'/'> ,· ·. __ , ... : .· _· ' · .. _-.'• .. .:... : 
of the eo.mpo.nents; eaoh .multiplied- by 1(~}/w~igb.t ::rraotion in 
' ' . -.'., :: · .. _, ··_.; <'·, : [ ' ,, .. '. . . ··.':,\':/:.(:/ ,}•.:: · '. ·) .. '· ' 

the mi.tture, crur .b'e ·tormulatedt ·• . ,. ,· . ·. n· 
-Xmi~ , . E_"XiPl, 
. . i · 

wtie.re Pi is the weight fraction o.f compofreht '1 : i.a. .a .. mi:x:ture . 
of n components end~ ia 'its •magne'ti~. ~·h~cepttbility; 

is · the grkm sus eeptibility of the ·filixtur~.i For .. ~ihe tbu.r .,,.·. · 
. '.\: ' . 



or, ao:tv~·~•~''.f?r·"Xoz• '. which ··1s .' tp~ .. gr~.,, a:us·oePtihJlitt<bt 
: ?~i.::1:.~:::'.\t,··. > .. \f:: •.;· .. 1-' 

.~ :· .. : ~· ~i·:. ;~~~aOrI: P$IaOfl ! f~·a20q3PNa~qo<' +''Xa20 ·.~20 . · ... z ,: ·-- _0 ' '. ·- - . ··, ;:-,- · · ·, i ' - _- ' , · . _, . ..,_ .. . . • -:_,·,_• , : :,,,-::- ·_ :•: ·.' ' ·, . . :;_ ·.·• ·.'· . ,\·'. :•·, 

. Pbz 
;, 

rt.t~~;f: :,, "Xiaoo• ~a21l(}3' ,an(\i~~~ wat~,,~~J~"~ 
from the literature'~· 'the value of'Xiu1x)v~s .. de1i~rmili~d ., trom 

· magne\io meaaureJh~nt~ or Uie aampl~: alld \ib'i vaittes df p~; 
PH20: P«a2co;~ .~AA VNaoti w9se . ~e~ermin~il ]n.al; tt~ap1 . bY the . 
methods just· described,/ .·. Four :determi£1~•tib11s '•we;e : made on 

... . · • ... , ··· .. ·• .. ·· ·•.· •, · •· .. ·. ··.·•.·''·. i .·· ., ,· .. : .• ·.·•·. ' · : .(.>it: ··• ..... ,·· ·.·; 
·ea.ell. sample{ ·.~a~·.detei:min:ation p~~ed . on }~ differ.~nt formula . . .. ,.- .... . ', '• • .- . . . 

·tor .. the ttozo.na ,t~ 'ti 
T~ wa'ter •contained ·in ' the ozonated\ ''sodium. hydroxide 

. ' . . ·. ·. ' . . " " . : ' :, '· ,., .···· ' ; ' \. '\'•/ ' . . ' ... ·· ... · ' ' ' . ' ' 
· 'Vias Wlquestioriably>present in' the f6t.tn 0.1•:_ \vater of .hydration~ 

·: ' ,· '. ', ···. " !_, '.' <:.''.;:•it,\t.{f-- -·•'> . .-.i '/ ' ·., '.•·' ;_ --._ : . - - - ,_ · c.,.-,:,; >/ / ··•: >·1·i'. -i:>:: '\" -•, ·.. , ,-. ·, ' ,·: ,. 

·.·•ThE3.·SS~'tunptipn .. w~,s , made .thr:oughoilt tbie :~t~tiy , that ·. the·, .. 
·.· ·tly<lrate~ .hyd;oi{~:s .{o; ·~~rb6~,a~~s); co~l~:Ji~\-,tre~.t~d · i~ ., ', '· /. >: '/:: :: · ; ,'.\' ' .' , '..·.' · . . ·. ·.··:, \::(;/ ':'' , . . . ·. ,' . :,,. 
magn.eti,~ ·.~:tudiea .,8.$· iµixtures of wat;~~ aruff:tt.le, anpydroua :;. 

t .e~i~, f ~\:. Jh,t .: ~ : mil;'.'ti~. &,\ISoe~i,i~i~H~;; .•. P~ , tet 
an.cl. the . an.b.ydroµs materia,l .Weit"e , addi tiv~:':and opuli) b~ 1;30 

' . ' . . . '• .· . ' :· .. . ;: '. ,, ' :., ' ' .. ,· :,, .· :: , ' ;, . ' ; ,{/i . ' ". ·., . . ... . · 
utilized in the : use . or tne . W,iedem.ann additivity law. this. 
~~slUllpti~h ·wa~· b~s~d· o~:-~~~~e;~ibil.~~; a:tii)O .~lll~~~ ~n~w~d> 

•. • ·: .. ·' \ ,•., ; . . : :-;: .. , '. •· : . · •. !,, . :;;,,, , ' ~: . . 4. J ·.,-, · -'~, . ·. \ . · ,' ·: -··-.::_.,_., : _ _ ~·. . ,, -:. :· '· , _ :; • , ·: ~,:_i_ '. · •. · -:·. 

wi thou~ ie:xoeption, that the .-vaiues , ot .niagtl.e~ic su~o~pt1bil1ties 
· ot : ~;d;at~s· ~~i~h~,ed,..:~;e~·~ge:~ .. ~i ,,:~-~;,~·;ti'bifi ty ~aiues 
. . ' ': .· ·: __ ;· ·., ,' .. ' ·,:. ;'. : ,' . / .·, '·::< :--·,>. _,-_ .. ·, · .. . _;. _,:,·,·.: ·, . . · .::_<?":;~'_.;-': ' : ·. > ,, '· ,, 

tor water dal\d. th~ anh,yd;-ousjna~$r~~ls~ \R~Q~~tl.y; Prasa~, . . 
~~rroat.ti ~-- Kariak~;~. ~d ~1i~dai~1 ;haVf) ;J;'·lt'~e" that hydration' 

_" ,·•._ ' . --.'· ,:_. _. - . ·, : ., . . . ... ', ·:; . '· ,·,. ';; .. t ·:· ___ ._ · .. ___ i\.~,\-,.\·._,. : . .· ... :,,_ ·, _, .... i -

' . . '" . . ., ; , ·,·· .. ; ,f < ... · ' -'. . :;, : . '. .-<' ; ' ' . ""\,. .• 
does cause · .some devia t;ton fr.dm·,.lineari t.Yl .however; · their data 
; . . . •·~ I .· ·_' . . , ' .; . ; ' ; .'. . . . ' ··· ·· -· . . •.\ : ::· '· ·.) .. ·,: ,' • '· ' . ·.·:. ,: •. . . . . .' -:_ r . ' . . ' ., • 

indicate .'. a maximum deviat'ion of only .. a.bout 8 per cent, . 
' . ' ; ' ,, . ·, ' \ ,. -•·- ': -· ·- ... .- . . . . 



Wi~h an average deviation of'. a.bout 4 per oent. It was 
1\ ' 

iably alter the r~sul. ts obt~i.o.eci . tn the analy aes}·· 
.. ; ' 

The molar stiseeptibility ,. ot the 0 ozdti~$~" was .obtained 

by multiplying the gram sua~eptibility . b,v};:~h~ :moieoular weisht· · .. 
corresponding to .·the assumed formu~: ·;~'f ;~gn~tic moment •· ..... 

was .then obtained/ by use Of the formul.a; 

p2 = 8~T, . 

wllere T is the temperature, in degrees , Ke'iyin, at which .. the 
. ;' ·• , . ! , •• . . • . • • -: · ·_: .: .L)./~:-:~-.'.:·?, "·. ,.. -. : . ,- , . 

magnetic meaau:re~nt was made, Jl is .theLm~>gnet1.o ,moment~ and 

ls · the molar ~usc~p~~bllit;~ f .. is . gi~~fl.\yb; ihis iorniula 
in Bohr rnagne_tons~ i•!.~, ill Ulltts of eh ::;,· .," the'. :natura~ 

. . . • .. .. ' '· i . ·. . . . . . . . . , · ... . 4 7TlllC . ·; .· i_;<. · .. · •: .'' 
quan.twn me.chanical Uhit for magne tio .momen,t • . The number · of 

L<·, _',- . .• w 

unpaired . electrons. per molecule waa obtained . by /.use of the. . ' 

express ion: . . . . 

112 .. ==· !l(n +.2}, , 
' . 

where .n is · the .number of unpaired eleQ~ro11.s ., P,er Jnoleoule. . . . ' ; ;, . : . . - . . -,_ . . ' . . ; ; ' 

From the, obtaiAacl 'Valµe ot\ tbe ,magp.etic mbment for each as$wned 
~- ; .' ) ·, ·. ., . ' •. /" -,, ., .. -. . . • ' ' , ',, : ·; . -:,::, ... :_; _·-'> ._' ·: ,.·_.. -: .· .;· ·:· . • ' ' ' . . ·, ,· . . 

formula i'or . the 1tozonate"• •· the . formula cou.ld be critically . . ;· ' ·:1 . ' ,_. , . . ;" -' . . 
• , ' 

evaluated, and ,eltber aoceptE;?d or ;rejectefl. 



~Xamj2le of C~lcula.t:1,ons Involved . in "Methbd -9! Mixtures" 
•. ""'7 ;, ' I ,:, ,.•',7 , ' ,: ; <:;-: · .< ;• , ;>;:• . ... • . . . 
ln Ol'q.er to nio,re •Clf;'e.rly . . i).luatr·ate;;· the ;·l$<f. of the . 

·. - . . .: ; ..... ··: ;:·; .. i•, .. - i:_>·~•-.. --: ':: ·:·>:• _.: /. -· ·. .< ,_:·· ( :·· ._ ._ ._ :. , . . -'<_·:-·r:·J:--... :)_ ; , ,_·.\¥:~/;--~:·_ , 
. "method. · of. a:txtur:es"( in .i.9:veatigeting ozo.n~ted ~l{kali 

.,.. . _ .. _ ·-:--:~-- -~i:'. -!:-:·-_ _, .. :-:. :- - 1 _ __ . •. ::.: __ ;:· '-: .. · . ··,~---•-. -_ :/·•_\:,>:: .. _:, \<: )}·r:.· __ · · _\ : . -: 
h.Vdroxlde$i +a.:eampie· ealculati6n', .· based o,n::~n aQ'~U-al•>'.:analysis 
of a. s~pl~ Of .ozonat9d so~·iU!U, hyd;~i<l~;•\\i'~ heri,by , .. 

-magne~i() b~ianc,e., :·· ~a.ta . are: as' fOl:lOWS: ' 
11l:·:mi~pi;y '.,tube;; : 

' ,· l ' ' 



89. 
(2) Tube fiUed with distilled water. to ln~~X (7cm) .tnark: 

average volume to index (7 ),m~) matk= ).8)083:ml. 

average cross-sectional . ar~~/ 

• average ~w(water) = ~30,72 :·\ ( ... 13.55)·= -17~17 ~g.· 
_.. . . ,' . ' - ' ; :·, ;'}· .. , ·::,;: .·· ' . . ·.' ' . ,. ' . ·. . . ~- ' 

The weighing tube was then tilled with oionated sodium 

hydroxide and weighed on ~he magnetic bal~~oe, bc>th ·i.n and ' 
out ot the m.agn.etio field. Data ·are: 

()) Tube :rilled with ·ozona ted hyd.roii.de; 

(b) 

temperature= 24°c 



90. 
,, . • ·1, , 

average A"6.JO _=·.~_18.52 mg •. 

·av~rage A*(srun.pl.~) . = · ... 1a. 52( -J-l.) ~}5) . :~ -~'t-97 .ms~. · 
• .•· . ' 

' Tile aa.mple ~a$ theii tranaf':erred to \: ~he :"dry box 0 ' ahd a 

portion adde(l .to: the g1ass .' tnsert~ ~hioi(~a~ plaoed in a 
· · · · ·· , · · ' • · · . ·· ' ·' · . . iv· •-. ·\ ·•.., : :- :'i'l"·XY.· i - -.... -

, ·: .. , - / _'::::_·,~ . . . . ' . . ·" :. . ' . ' : ,," .. . . ·. . ' t' : , ;' 

· ground g.1.ass-etoppexied weighing bottle. , · '!he E)tttii-e · system · 
· I. '. . ·· : - : . ·, ··· · . . _. - · -· , • ,:··.:1 ,_. ;, , . , 

:- '. . . \· --., . .,· •:._ .,; .,_ -;_, '; ,' ,: '. ,.-. ,·, :.···.,,\\~.::-'--:-_•1._•-:. ' ' , ' :.. '. 
was then weigheo. 9n an analytical · balano~f Data are: . 

\ .,. ,. :· :· ,;· . . . 

weight of weighing bottfe +·;\11aert / ·-~~ple = 19.5972 g, 
weight 01' wei€Wi:D.S b.ottle .f . ins.e~t .·· .:. < ··· . -=;. l9~07[ti •g, 
weight ot sample ·· · · ··· · = ,. B.522 g. 

Prior to filling; the deoomposi tion,'(lhambe:r with the 
' . .,, . . -. 

ttozon'ate''t it had been ct>'nnected ·'1n pla~J(and ' the system filled 

with. wat~r ·.r~oi {Al {o :, (Ff~ through. · (B)·{i\ .n ~rder to deter• 
mine the volwne of the O' ;ystem. . The v1eis1tt of the water was 

' ' 

theri determin~d, 1,;.#d the weight t~en. ~s ' the v~lume of •. the 

system, the density ot -,vater ' being taken. :aa unity • . The 

volume ot the system..' with · th; decomposi~i~n ,chatnber ' uae4 
' throughout ~$ .. ~ · ~t. 'tl~is ' ;study was touncl to · __ be 89,.o inl. ·.' 

IA addition to de~ermining the · ~oltim.e Of .the system, a 
' -,. '. : . . . ·. - · -· ' ·• 

blank, _·!•!.•, the . volume ~hange due ·: to . _th~. ,f,ldd;~t ic,n -of deoom• 

poeant, vias detetmined ;pl±ior '·t_; the analysis :of the ~ampie~ 'The · 

dec.ompos i ti on ahambel'.· was aeoured in place, with the capillary . 

leading to the ciecomposan~ rE3se;voir (O) filled to the refer-
. . , . . ,, ' . 



• • /, .•, • • ' • I ,-_,'. ~ • •• • , • ' . .' , • , : " ' 

atmospheric · .Pressure by means of the mercury bulb~ Ten ml., 
t •'• • .. > ;. -·.,- ' , I ' • • · .. , . ,. ,\ . - . ' ' . • ' '. I :•• .:~\-:.-,,:/~·.\': , , · , I, • , . 

of 1.4720 M hydrochloric ~oid• was added ·to the ·aeoomposant 
, • ' t' ' ,.. 

. /. ' \ d, 

reservoi~ b.V· .tneens., or a ' pipette, , :and this \rOlUni~ • ot :a.old ' 
was slowly added to the empty .. deoompostii\~k .chaiiiber .· through .. ' .· ,, ... ·., ,:.- ,, - · ' ' : · . 

the stopcock sepa:rating the tw6, oontainJJ;;.: , Th~ pressure 
' • ' , 

was · once more equilibrated f,llld · th~1
: fi.nal;(}f~lum~. read•' 

Data aret 

temp~ratutE3 
pressure 
final burette; ·reading 
initial burette. reaaing 
change, in volume (blank) · 
change. in .. volume ( blank) • 

•·. ' .. . , ' ' . ' ,' ' . Ji .• ·, J ' ' 

The decomposition (rhernber co.ntaining: the previously 

weighed sample~fi.lled lnsel!t . Was then oorinected ' to the 

. analytical sYst~ (Fig. IV) 1~)i· ,T~n ml. or'. [ .~4720 N, hydr~-

chlorio acid v,as then' add,ed to the sample in the deoompo~i l tion 
chambe,r, the mercury levels being kept as: eve!l.•as· pos Sible 

during the decomposition> of th~ sample· by lowering the ·illercury 
bulb at approximately the same rate as .that .•at Wb.ioh '.i.the 

. . . . , . ' .. • ·-., , > 

volume· ·of ·gas in the burette increased. .·when evolution . 
or ga·s w_a$ •·complete, the· gases were mixed well .. t\.lld ·the 

final volume read• . Data. ·are: • 



: tE).mperature , ... , . , = 29.q!cl . 
' j;)resf!ute · ( u.noorrect~d), . = 731?5: Jllm~ 
1,Pressure: (corrected} . ; .~ .. 7?8.,3 mui. 
final., burette reading -~ l8~9() nil, .· .. 
in.it_ial burette 'reading , ==:'·: OiOQ ,.m.J. • .. 

·· ctla.n·ge -in volume ,. . , . .··. t :i :1e.90;;,.m1~·.y 
., blank·.·.• ,e:xpetimental .. fcndi.tion~:-::~ >l2.J;5 ··.µil,. 
· Volwn~ ot · 1i-berate4 ,:gaaes · · .· · ·:¥rF6.:'.35 ml. 
: , . . . \ . /. .· < . . : .. •. . :· . < ·. . . :· ... · ... p:r:-:\> . > .. : • , . 

T.ne/iistopcfock: {G) at th~ ::t;op .. of ~€3,)[Q~:r ,bon '/al':di'i~de 
'.· ••, . · \J, ·'_.:,•;.,-,:.:, :,\ ·! :'. , t-/)\°.•:~;.f)·\ ,·, ';~· .. ,··, ' ' i·:•:· ·;~--·.· .. ~-::, ___ }, .. . / ·:: .. -··' -,:;\:.})~/;/;}_\:/. :~ .:- ;::·. :. _ ... '/ ;'" .·--:~/ \; 
absorption·. buli>,:.:.(H) waa turtJ:ed so · tbat i.jh~/ potassium. . ·. 

· .·• > > . .· ' : ' ;' t·tt:(' ,' .. ' .. ' ·" ' . > ;,. ,c,··1·2··:;;,;:'•,,.:,,~ ' : ·, , : . . ' 
hydr~i.d~ $Ol~ti.o.t;t waa. open. o.t;tl.y · ~6 ... the,'.i:;~~ijtte. Then., .. the 

sto;eock 1·:Hrl ait\ne ,fup' :or •the bur$tte' .. ao that 
: ,,; .: ,:. ,,\, '• ', · ' , • . ' >/ ,,:);;);(/'./ ; ,/: .. \ . ,, ' 

the .gases ,in . the burette were tree tp pass· ove.r}::lnto . the 
, . . . , • . • . . .- ' : ;. ', ! ' ; I, , '. . ,; ' • ,·:,, . ' 

· .. Potass1~-' hy~rC?~,idt s6lutio~~- At th, ~s .~~{~t, . ·~\{'~ 'ga~es in -
•;\ ·.,;·:·. 

: ·.. ;''. ·_:;,;. . ..... - . ' ' '' ' ·. . ·. ' ,:::::i!··'.•/1'i \•:· __ '! . ' , ''._ '·- ' ·.· ' . ' ; ,. ' 
the bure.tte e,oosis ted mainly o~ -oxygen ~nd earbq,ri . dioxide, 

·.. , {,'~WM:; li :,:.,,; '. . . . ;. .... , . . ' ' . . , /};( .,, . . ;~;!'.?(\::, , i t\; , 
and. occupied a ·volume exte~d:i..ng ·' fi-om. th~{s topc.o:ck, :(F) · _to 

, . . . . - , . . ·· .. ·.· ,· , - . . ; . , 

' •.•, ,,'- '. •:·:·~.->:": :·•. ,·j •· , _ . . _ ,' , ' .. ; ,, .· , " ., --. . • : , '..' . • •. - _..._, _:(~•::•_.-: :• .••; , • :, ·r::· ... , l 

the . top of. the m:ercu:ry ·colW1U1; aiAee ,·the., yol.µme:,frpm tt,1is . ' .. _·'. ;.: ' ;; ' . ;, : ' .;,:··. ·:,,. . ' ,_ ... ,· ' . ' . ' -., •,: . ',.. ·-_,·_ :-: .,,..--_:...: ;- .· .. , ·• ', . ·. .:~ :,,• -,' . . 

$,topcock to,:, th~ ze~o mai-k 'ot J,he ,burJtt~h*~S , ftitilid '' to b~ 2.0 ·ml,i, 
' •.• , . ·. , • • > : :. \ ' ' ·< ' ,. . ·· ... ·.· ii ·.. '. . ' ' . ' . . ... , . '>i , i_;,: ' . , ••, ··. ·. •· ·· .. · . ,' 
,the';.t6tal ··v.oltilne of .gases 'was 18,90 + 2.0,. ;=, 20i9,.ml..;· The 
·. ,· ' . ,··.. • . ' .i/iic'.:1,:;{},:'c·'!\•y ;,,\,;, , .· .• ., ' ' , <', i , > . ' /, ' , > , , .: • : ' (: :>··,, '.: . · .. :1iJ1% ; /i,i/tf ' > ' 

gc;:3,e_s · in '.~tie. tte ·. w~re ,, tpen , t .oroe~ O!e,t 1 :·ip. to,\.the:,. bµlb 

,oonta~~;~g the::'pota.ss.i~•:hyd~oxid~ solu.iiI';n , (U)\/~y. te.isins . 
• ;; { ;.;::;}: : .: ,:;:-,, •• • ·, •• , • , •' .'. • •• ··•····. • •• •• • '. ·, : ' > , ' • : • ,': • '><t?i,]:;,,;\, ;,,;;;, .· ·: ' . . · 

,ill.~ , l!le,r~ µi't; tril:I. t;> , i ;ti . ord~ r (to , t <ifil.O. ve ., c~rq9n; di, 9~~J{f~)J; ,he gas 
· -· __ ::_ -·-.;~~l;i/.t/<J;:;_'i -\·)i~r, _.: ·· . _ _ _ <·-_<:._·._. ... : __ _ ; ... -___ . _. -:.=..:)tf :(/ /J··:_0t. __ ,· __ f}/.>t_ · · .. <· 

wa,a, .then: fQrc.e4,, baeJ!:' intQ the bu,t~tte: bt\:lqvt.ering th~ <m~roui-i, 
C ' ' 0 , ;-~<' ,{ i. :,•' ~-

bul,b un.1:.il. ·:th~ : :mei-our9; columns :JJere. le v~f;:i .. and . ihe: . new . . . ' . . . . . . ' .. • • . . . ' . . ' . . . . ' . ' ' . ' ~- . ,. . .- :-,:: .. '. : . -~--'. . . . ·... ·; . . '. ,. .. . .. 

~u~ette r~a:u~)~El,-~en, ; ' (th~ Jif ::t<>t~~' ~as '. dqe_ to 
. abs;orption ·of. ~b.·~· caj;-:bon . dlozide .J This. :~~euver . was 

' •' ' . -;• ' ' . ' .·, . '. ' .. '' •. ' ~-. . . ·.:- _·, ' :'" ·.: ', :. ' .' ] .· _·; . ,, . . . . _; .. ; :· . :·: ' .. ; .. ''. . . ' :: ';' ;..; ' -... ' ,. . , ' . ;· ;.-. 'i:-.t~/~_/>:'':_::"t:-- '. ' 
. J."apeat~d w,.til .n.o. tµrth~, (leotease 1n: v6iwne '. was noted upo~ 

' . . ·, . .. ' ·. ·, .. ' ··. __ ·-.,., ' .. :. '.; . ,, ' ' . ' ' '· :·: -'-: •. ·: '· -: 

further tranat~i'ibt· gas. Data :are: .· 
·'.;,;.',, --·, - ;' ·-•, ,, 

; volwne of gas~s in · burette :. ... . = 20~9 .. ml. 
volume ·after ·absorption of o~.rbon dioxide = 20.7 ml~ · 

· volume of cEirbon t;ioxide ab,orbed = Q.2 ml. 



' 9)" 
. The percentage -' of · carbon dioxide; orfgi.na:li:,y pres:ent in 

• > • I <··;'. • 

the burett.e ', was cal~tilated by dividing th'e : vofwrie decrease ··. 
' . . -~, '}~·{:_; :_ ' 

by the tot.al vo.iunie oi' ·gases· origlnally in :the :burette. , sinoe 
' . . . . , . t . ,• .• . 

the gas es· in the syst;em had been· ·:well ndx~d. p1"le>r,:to\ the 
. ; ' ' ,:; • . . • ' • ' ·• .. • '· ·-._.i . \' 1·· · • . , , 1· _;:. i- ' ' ; . :-,. ' . 

absorption of tl~ :,Qarbon dioxide, thi$ P~:l"~~nt~ge ,wa~,al'so 
.the percentage bf ~a~bon dioxide . in the;:~:j:~tem. , 'the. v'blwne 

,. . . .· . . _ ... , '. ·- . . 

of carbon dio::d.de in the- system was. then:Haloulated by multi-

plying the total volume, less the , blank,:i),bi: -the .percentage '01' 

carb~.n -dio:xide. ':rhe number of m.ola ot ii~I~n di6x1cle ,vas ' 
' ' 

determined by reducing this volume to STi\ and dJ..via.ing 'by 
~' • • . l ·, • •: ·:. : ·! - -... • ' ·; • .','I 

•. , .. . • . • _. .-:·. _. 
1 

· _ • • _ • • • ·•i ..... , . ' ... :t>Y(i1:J. , .... .-.. ': .. ,_·,..-_::: . ."J( 
2?;4000 , x',the ''giam molecular volume • . The amoun1t '•bf aodJ.wn 
' ' ' .··· ' , ' ' ' ' ' ' · , ' ·. ,· . ' . ' ' , \\ '/' ' ' ' :, ' i ' , ' 

carbonate in the , sample was · th;en determi,:t'ed ft'om tJ+e . equation: 
. ·;·,'.,:.i',>.-., · ,, 

:,,~a2co3. + ~HO~ = ,2~~01 . f po2 +\~2~ -
: - - , ' , . . ;,; · '.· • ,_ •• , . • • . ., , .,, ., ' · .• ·_·, , ·,·· _·.·· ·•> . • ·· • 

by multip,ly~ng then~t>~i- .fl:r lliOls ·· of Qa:,r:b9n ,d~oxide. _(whioh :is 

also the-number of mols'.qt , sodiUPl· oarbon,ateJ- by. th~ _formula 
-. ' : ' ; ', , ··· ' ' -' : : . :, : • . , :; . ' • : _:- : .. :: __ ._· , :;\·_.: :-/_,-- i' . ·/ .. ,:, i.•, : ' -: ··-: ,'.: .~--

Weight of sodium oarbona~e, rough+Y, 106.:.,:\ n~ta ::are: : . . : . , . '· ,. _ . -· . ' ; . .. ' . . .. -; -; .,.,.': ,, .: ·.- ' . .. 

per cent of carbon dloxide =•. 9.20 X 1.00/io·~:9 ;C> •. 96% '' ' ... ' 
vo1ume ·: oi" carbon dioxide' in system= o.Q0.96 (89+20.-9+12.6) = o.93m1. 
volume or carbon dio:xide "at STP (1.n entire sjst~m, •= 0.8lml. 
mola of' : carbon di oxide ( and ,.sodium . oai-b()n~te =: :,;6 x" 10 ... 5 mols • 
weight . o:r. sOdium. carbonate ~- 106 . :x J,6 t i 10• · · ~: 0.0038 g. ,. • · 
weight per cent of sodium carbonate = 0.0038/0.5228 = 0.?3% 

··\"(/ ;·,\ ·:-. 

The 'volume of bxygen iiberated waa' faien determined by 
subtrao'ting tie volume -~f carbon dioxid~ i·rom the tot~i :volume ot 

.. ' . ,' 

o'ollected gases. and this volume 'then red.uced 1 td siW.· From 

sample was 

- ,,. 

calculated. Data Are: · 
' ' , 

v~l~e ' or° oxyg~ti" -::::,/6.35_ -~ 0,9i =. 5.42 ml. 
volUllle ,ot , ,oxygen .,at, STP :~ 4 •. 79 ·ml• . '. · .. . . • .. 
volume of oxygen ' (at STP) pe~ gram =' 4:;70/0.5228 
volume or oxygen· (at STP) per gram =cS.98 ml./g, 



" 

The :.Pet cent of Na03, ·Na0H•02, NaOir 'Ol" · (NaOHJ2•02• 

respeotif~iY, was then oalculatea 'by di*ia.'1ng tf1e volume Of · 

qxygen liberated pef· gram ot sample by the voluiile of oxygen 
;, ._, .. · ' ' 

. . . . ' . 
Which would be libe_.rated per -gram of the ' J;ure atibstance~• 

" ', ·a ' ·., ; : ··, 

· assuming tb.8 tollowing reactions: 

(l) 4Nao, · + 2H20 = 4Na0B + ;o~; 39)\'~;/g •. _ 
(2) 

()) 

(4) 

_. :NaOB:•02= NaOH . _ + 02 ' 

4;NaOa + 2H.20 = 4,NaOH + 302{ 
' . 

_ (Na0H)2•02 = 2Na0H + 02 ; 

30; /Ml:~/ g~ 

200g~./g.·• 

culated peroe.ntages of each o:r these compounds gave ._ the weight · . . . ,: . ~): ;-, . 

of . eaoh substance wh.ioh would be present / / , Division of these 

,,eights by the ··~·or.r~sponding r:rmula wei$h'ts gd{e the number · 

of .m.ols of each .subatatt.ce'. Data _are: 

per ·cent Nao~ i= 8~98 % 100/394, = ·2.'2~ 
per cent Na0fI-02 = 8~98 x l00ZJll .=: 2;/89% 
per cent Na02 . ::. 8~98 x ·1ooz30; :=. 2.,95% 
per cent (NaOH) 2•02 = 8~98 x 1001200 = 4-.49% , 
weight Of Na0'3 ·= 0.022s xo;o5228 =O.Oll9 g. 
weight of Na0fI•02 ,. · = o .• 0289 :x ,0.05228 · .. ::: Q~Ol5l S• 
weight of --Na02 · = 0~0295- x 0~0,228 :;: 0.01.54 . g. 
weight Of (lllaQH)2:•02 :. 0~0449 X .• 0.0?22, = p.02z5 .· S•· .. _ 
mols of NaQ3 . -~ 0.0119 +. 171 =,; 1.68 x 10 .4 mols. 
mols -ot NaOB•02 . . - = 0~0151 + ·72 ::= ,-,2~09 x- io•4 mois. :~t::,;·:r~:~&oi1~-P2 ' .: .z:g~i; : fI2; l2!~c?~i1~6t~m!!i;. 

It can _ be · ~eadf,lf :s~n tha\the _ nwnber:;&t)nols of (NaOI~)n•Oz 

w1J.l always b~ }the ~.e1u~, irreap~ctive· of:::J h~ value of A•· 
- - ':rhe . acidi~--~olution r~ining in t.h~, ·;~composition :chamber 

was _then °titrated with 0~0986 N .Sodium 'riiaroxide ·sol~1i1qn~ - . 
. :'i;g:,/< ·, . 

using phenolphthalein as an indicator. ·--Jfrom the amount of 
' ', . ' ' ·· ... - . ,•, ·, 

h.Vdrochloric acid added as deoomposant th~re tYas subtracted 
. . ., , _, ' ' •' .-

the amount of sodium. hydro1tide used ror titration, the _a.mount · 



. of acid used to neutralize the sodium carbonate, and the 
:. ' . 

amoUllt of acid used to decompose the "ozonaten / in ·order _·. 
. ',. '· '·, . 

to determine the: amount of ' unreacted sodi'tun bydroxi~e in . 

the sample, D,ata aret 

volume of 0.0986 N' sodium hycu-6,:ide soiu.ti on • ; 24~ 50 ml. 
equiv. of sodium hydroxide used in tit~atio.n = 0.00242 · 
equiv. of sodium carbonate · -. -· . · · .=: 0.00007 
equiv. of acid ,if "ozonate" is ,. Na0j :<';. = 0.00017 
equiv! of acid -if ••ozonateff is NaOB•02';' .== 0.00021 
e_ quiv. ,<of. acid:,.iif "ozonate0 is Na02__ ,<.) · . , ::;:,0 .. 00028 
equiv. ~f ac;d it "ozona te" ~-s ( Na OH) 2tP2 ::; 0. 00042 

From these values the nwnber .of ,equival~tits of unreacted -
.... ' . . :·. , , ; ,, ' 

sodium hydroxide ln the ·sample ·oan be caJ'.d_ulate(i. Oalcu-

lations are: 
equiv. 
equiv. 
equiv. 
equiv. 

of hydroxide 
ot hydroxide 
of ·hydroxide 
of hydroxide 

it •tozonate•• 
if "ozonate" 
if "ozonate" 
if nozo.naterr 

. ' 

'rhe weight 8.lld ,veight pe:r cent 01' unreac.ted sodium hydroxide 

is readily dater.mined from these va,lues by multiplying ~Y' 

the r ormula weight of sod1u.m h.rdroxide atid then dividing by 

the total weight of the sample. Data ar.e: 
per cent hydroxide if "ozonate0 ·1s Nao~ = 92~2%. 
per eent hydroxide if nozonate" is NaOR•o2 _ 92•;0%. 
per cent hydroxide if "ozona te" is Na02 . <' :::; 91~4% 
per cent hydroxide if "ozonate" is (HaOH) 2•02, = 90.3% 
The weight per cent of water was determined. ~y · subtracting 

from 100 per oen t th~ sum of the weight pe.r cents of unrea ... 

oted sodium hydroxide, sodium. carbonate, .and so~iwn ''ozo'na te''• 

In most cases, the per cent of !7t:1te1" was not appreciably 

dependent on tb.e assumed formula for the -"ozma te" and an 
average value· was used. In this particular determination, 

the weight per cent of water was calcuJ.fit~d to · be 4.6 per cent. 



The magne~~c s~scep~fbilitlea of ,va.t~r, sodium 

hydro~ide, and :sodium · ca.t'bottate ·were tot.Uld frC>m', the 11 te.ra• 

.. t~i,eJO to oe . .. o.'li 10-~ Clg$u;/l,, , -o.s.9/i '10•~ <)gSU,/g., • 
·•0~2$ x iJ~6 ogs~~/g•~, · r~~P~~t~v~{y}tf'J~1~ -·tlie~e veD.uea 

·i . . -··• · _: > .... ·,.<; ····• :,·,. < ·· ·,_ , . . {',>. /. ; ,. ;- . -
the 1raJ.u.e for the-,~gnetic ·sllSeeptibilit§ o'f the .mixture:t 

. -,· . ,<-.,'' ,; ;:,:::}': ·.· •. ;, > ( ·• ',' ·. ,'I::{;?' '• ·:; :,:, :>: 
aa de~e~mined.: experirnent_ally, .. and tl::le ®;~;tytioally_ deter• 

.·:_ '_.· "· . ·.· . ; . . :: .. _./:_-.; __ (·_:_·. <.,· f~ _'· _ _._,·: .. ;·:~-. __ .:;_ ,,:· --_. "· ___ _ .- .-.· , :/\tJ/(f{/.\::' '.> '_: ·i-·<: .. {·_1 , :: · : _ ·!· 
mined w~igllt tractiorurot ' the 'four oompb';ri~.1{t1t, · the·,.magp.etio · 

',:!, . ' _,\ ·• :) :·;_·i~~-!_: .·-,>.·:."\ ::/~:· - ·. ' '/_·,,' ' -: :- _,.: '.'_-f''. "•, · .- _·-. , '';.-, .·-~·:·,,:_:.?:.-,:'._1··1:)i.i(~}ft~~;\:/\)·.·· _:-_,·: ~,/\j.·-::_:>.<,).,f .. .. ; ,.,):: 
-· auscepttbillty .J>f : the . s~ium ·tJozon~tetr Y{~e···~etifpnined',iby 

: ·. • · • • . . • : !' ·, ._,, , ·_· (\:'.~\.·.):".i\'·~-::· .. :;·_·.:,·· -¾·.;:··; __ } \ :•-'·/}·:•--: ... _. :r ,. ·\·.. . :-~':\\}J,f:i>>'. '.\~ \_· .. ~\/·/.-.-_ ·,:· .. : :f .. ··, ,. r::t:·· 1 · .. 

. ·the ·uae of the tWiedemann tadditiv1"ty __ law-f );if;1u1tf'.~Uoa.tion 
•• ·';;(;:; ' · .•~· _, I '.·: •:,(i.~i::;; '·-,C:: .. . : · .~ -\_ •, /•.• - · -~ . ,- \ .. \'. ·:< .-:r.• .. :/\:)::·.~-i):>•_:,,.:( •::,I "i•··,:.;_::,:\••·: .:," <f,'_ :.;c) ' 

: O.f the gi'am. ausoeptibi;1.$,ty by the ('3S$Wt!,~d} t'orinqla weight, 

gave ... · the . molar susoe;tibU.1 tS' ri.r;· the : ~~~ih,te~i:.:,.,+t.'~ which 
. :; . '• •:: :_ :_ · : __ :: )rt1i~;f_j:tr/:\:.f~'-(?{~:::. . ;· .. :. • .. ·• ,.'. .·,\· -, ' _ .. ·: ' - . '), .• :;; • , . ::.•_?::}?;),\ •_,-(_ :::':••.:.',~: :·;}?f,\·l\'\:-:.,_:r/.\? ; : 
tne ·magnetic mamen.t · was readilydeternu.n.~d.: by means of_ the 
equa\i~J: ~ii.~i: J)ata :~re: ... . ' 

; ., ·. /• . .-. . . ' ' ·: 

''Ne.~3 '. ': · .. · . . _·. . :·/·.,· : . .·-.· .· .. · • .. . ·. . .·· -x: ' = 10---6 , (~0.11 +· ,o.ooz x o.22l+(o.04:6, :1t· o.72J+to.92 .x o.59)J 
g . · _ . . . ,·· . . .. ·, 0.02, 

~g = 18~o•·x ' 10•,6 cgsu./g. •· 
"Xm = 18.0-x 10•6: x 71 = _1280 x 10·6 cgsJ{/~01~ · 
p. := .l.1:tt ,"~~P~ .. .magnet~ns 

'. NaO'ft•02 · 
· ·. --v- .·. •==.. 16""6 1-0 -~:Z 1- (o :oozx o. 2 ~) + ( 0, O!i,6<i O. 72 )+ I 0, 92 x o, 52 l l 

"~ •.. . . ... ·, . ·, ···• . . . . 0.029 
· .-·. · .· .. 1·0-6 '· ·; •. -g = ls:..:.!2· x .•. · · .. . _ :'~g~u. g.> 

.• •••~ i·= l~.2 lli lO~~- :x.. 7~ ~. 1023 :x. J.o-6 <,geu~/mol~ .. 

µ ·_ -~• 1.5~:· Bohl' fua$ll~tons ·· 
.Na04 . 

·°Xg ,. 10~~(-0;17 +Jo:o.oz,x 0.2!~;;~:°./t~(i °.-72)+10.91 % o.~9ll 
"Xg · = 1).8 x 10--6 . cgsu~/g. : · 

·. 'Xm ;:· 13~8 .. x :i.o-~ ·x 5; .·~ 758 x io•,6 .cgsu./.m.ol. 
IA- . = · 1. 34 Bonr niasnetons . 



97. -

, (NaOH) 2 •02 . . _ . , . ·: ·. __ 1 .·. . .. - _ . , .... , .·· 

~ • := 10-6 ~{-0~17 + (0~00~ X 0.25)+(0~046: X 0.72'}+(0.90 2(Q•29)) 
· · ,$ - · · "" ; - ,0.045· ,, 
Y .· 8 90 10·6 . ·/ .-: -.~--g .. =. ·~···. x _, ._ . , .. oga~-• g., 
\n = 8~9b x 10~6:,_ x u; :;: · 997 :it 16""~ :_ogsu:~/mol~ .. 

. . ,, , •. ,.,. ' 

The results ' '.of .six determinatidns e:~~:'."fist~d •in ·Table··:t, 
· all de;ermina~fohs m~de · i~ a ~ ~i)ffa1J;~s 't,o :th~i. · . 
. used tor illustration. - 'Throughout tl)e eO:txtire study the · 
practice :'.Of.

0 

disreg~rding all data 0~ -s~&I~£,s,: ~onte.ini.rtg iess 
.·. ; ,. ' ._· ' ' ·. :•. > ?, ' ' -._:)- \_- ', ' ~.,,:,_ ·.·. _. 1 , .. : , _:_;~- • ·:_';.f.\/f)f~'.:;,>(y:<:·~:!•=·_\~/ .. ,,.:, .. _. ,' i . _, : ' . 

than 1.; !)er Qen_t : Nao> (-o,:_ xo3 or qsoJ.-:W~~ idete#mined ;n_ .. 
' ... . ; . ' ' ·.•_ :· -: . _,'_. .~ . ;,:t:·t.\-~·-, .. '· •. _ · . .-_/f:·.: ' . ·_.,: .:_: 

later paragraphLwa.s followed, since thtiVii.nu..t .::of' · accuracy . ' '' ·. . ' ' ,· '' ···. :,: ' ' '' ' ' ' '· .. , '. .:' ' ', '. . . ; {;>: ' } ; ' . ' ; ' ' of· the · least r'3llable analysis was . estiinefted to be ·this · value. < 
• ' • - ' • 1 ' ' ' ' '. • • ·: ' :: } , ' :, • • • : ~ ::: • .·~. , ' 

Values .·o~, ~gae,tic· moment are reporte<l Jrtliv.'. ·to .:the _ .n~iu:est _ 
· · ., ??i·i~\:1;:.:<::=-:_..! i: 1/:i·,~:·\'·<' . · -- ,__ · ,. - . . :_., / :-;·_·,-:. ·. · . . Ht~ ... '\::::\ ;/·j·.\::_i\it?:~: 

ten th· of; a · Boh1:· ma gne ton• 

Tht3··values shown . in . Table I are1 aami '.ttedl.,v; :not 

suffioiently , precise _to 'W~rrant · a· d.etin~~~ fotirifu~tion for the -
. . . ' . . . . . ~-. ; .. _.-,_ :,.,\ . ' . . ' , . ' ', . 

.. sodium. ~'ozop.ate" based Qn these data albrie~ ·' However, since 
. ·:~ji/r:(:~t; -.(;\\1)/:;f.=·.· -·-· · · ·· - · · ·_; _:-. · '.{ /~:r'f· ~i;t<.!~i·:~:-~;/lt,/.~2,½ , 

the magnetic : momE)nt c,orresponding to. c;me\ \11;1.Paired electron 
•, per !1101-~oule '-1s) t-oughly~-,1-~1-;-" -th~ stat6~~nt' O~'~' be·· rtiade ; that'·: th;{ 

,' 1 ' ,- i ·, . . . ·:· .-,. .... : ~,. ... . \ : , · ·.: .:\'=::i-t-'J··_;·: . ;: i _'.:·-~ . <·,_, . .;__:· . . '-:'..' > ; .'·.:, 

-· experL"lental.: data -a.re. bspt fitted to a·_ c,C)~pou~d having the 

·, ~or~u;l.a_ ~iaO:f~,--·-- ~lnc~ . the_ fo~ul~a-·UaOH_~,,9~:,":'.;Jha,fj~oH) 2•02 -

( or, ip.- general, (Na9Ir) n •02) _ wyul~ 7eq tii¥e, :~ tw<?, µnpaired 
. . ., . . .. . .. : ·.··. . .,.,, ._., _. .· ' ' 

electrons per molecule, the magnetic mcm~n.ts calculate_d on . 
' . ' -: ;_ i;~ . i .,••.' .. , -·. ::·, .· ·. . ' ' . . 

the . bases _ .of theaf3 formulas .indicate ,, t.tra't theSEtJ'o.r.tnu.latio.ns 
.. ~. _( 

are not . substantiated by · tb.e e:x,Per,iinent~i\ data. · Aside from. 
' : .. ( ,.• · ' •. ._ ... ·,,.",. 1: .. .-.-.• ,t, , / . , , '··.~ .' .,:_·-;-::-//\/>··. :~<:-(/:•-·· ,:.;, ".'. i. __ ·· , 

. the tact that the magnetic data ·is not well fitted to a 
. • . ' .. ' '. - / ·' _. . ·._ ' . .· '. • . ' ' - ' : : . :".· f• t ' ;,.~ - ... , •:'. , 'r··,/ , .. . • .,.· ,: < ' • 



to.r.m.ulation of ~ao~• ,_.n~s~tive~ ·.p~~oxide tests and laok :ot 
oxid1ztig 1>'ower ,dis;playEid )by · the\ a()d:iwn '!'O:i6na t:'ti :, iild$¢ate' 

I' :, > t 

' ' ' 

these would 

. . ·,- ' ., ' ·. , 

' "Method of '~lxttires" 'Applled ' to P:ota·s~l~~:·y~ah<i ti~slum Oom:~ounei~> 
:. :· -- . , .. ·., , -;_;, :, ,., . , •: ', ', ' .·- ·, ' ,,' __ ._:_.:_·-\_:·,:• _._:i :·/?>'.t?-/;.:':.".':_! .,- ,.- \·;_:\,:::,:_J,~:'"_'_'.:; ' ,_ .. . '•-, 

The <?!niethod·. of . mixtur:.e~" was :al'a6 ·$P,Plied i1.to,,isam:ples · 

Of ;~o~at~d · potj~Sitl~\;;~ c:~11lm h;~~(>~~f I; '~~l ~x; .. ri~ ,,' 
mentE!l ' details were the same as , those Jp~lied in .the investi- ' 
.:. ' ·. ·: ·.' ' ' ,y,f ,: ' >i'· "·"· , .. ;· ' { ,}i, ' ' ' :<':\'..'f}, :,: ,' : ·' ·' .. :; ,'/ ' ' i ' 

· gatioil •,of ' the ·sodium: oom.pchltldSi···a1tho~sh:~,:the only method · 
' , :• ' ,'': • ,' I ·• •.\\.;'•·.: ,i , _ , · , ,,_ .. , , ' , , , - -~. ii(·.:: <\'::t:~--r_'.}:,/• .. , ,- .•. 

used f'or the p~eparatioo of the< samples ·:,ifas the : ozoni~atio.n 
or' the :t 1neli Pul~erize~' ~te~ial;~ :Thi\l~mkle~ ~~re constantly .; ·,. " -, ,,. . ':: ·, . ' . . '•.···: ':.·'\'::-,,\'.)t_J;•.',;;; ., -~ · ' ' ; . . . 
agitated during ozonizat1 on in ome.r to ' ltis~re' .maximum e:xpoaura · 

.·.: . '• ··' ' . . ,_ ·: ,: . . . . . . '.,' . . •·<.::.\?/~.;;.-.:..:.: '1 -~ .'·i _: ' '> /···:. . : .. ::. ' 

to the ozone. · The potassium oompou.rid waif found to de~olori~e 
QOri~id~,r~bl.y\~uring th~ ti~; .re~ul.red , rd~?:: the' > o~ni~l~t'~'.:raneily~i.s., 
;:: .. ··. · ,.:· . . _': ,:· :_ ._ ... ··.-·,:· ' .:·· · ,· .:::_ i <·.=-/ :;_. ; --... _ .'.1 ·,: · .. · : ::.-t / ,/ " .-, :,:···:·' :_:.\ . :'•}. ·_ .. J . , _i,.'. ,'.· 

with the result that relatively $mall percenteges, !,.;9. •. , low 
. . . ' · l' ' . · , • , . •.: ,, < . 1 , ... '- , ; ,, 

oxyge.ri content· per s~·am '·ot swn,p1e, ·were t?btaio.ed in the 
. . , : ·.,.:· •·.•)· '· ,·, ,:i ·,' _.• ·~ . .. ~: .' _.,:,_'': ,! .,,::;_.·J ,i:·•< . ~•,·:,._ , '.>'_,,. <. _: :,·.: ~\ _·,,.i~.i;(/i_ ./.' .: 1 t·l; :-1::-"·.', ( ': . .-· \./~• --,~ J. . ... ."· 

analyses. , For thts reason. the .major1.t..Y :'Of the,· determination.$ .. . '. . . .. '. ,, '· ... ' ·•'. 

, were · reje:cted 'on··.·. the .. basis of ,. inall.fticien.t i hY.ygen content .- · 

less than i.J 'per . CfUtt 'of lC03 - (~f ·_~tf-~f~_plea, .,:o~r t~vo 
determiriatlo.ns or tlie : potasslwn dompouna'.J' are. reported i . 

in Table 'III~ · 
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table !I 
Sodium ftoionate'l'.".'Summary ,of Magnetic' tibfuen.~~6 ':. ·,. ·: .. , . . .•. . ' . ' .· . , . '.. . . . ' . ·. . ., ' . . . ,:, ,-..'~·, ,, ' 

Na I 
Na !I* 
Na :II!* . 
Na l:V 

Na v 
Na Vl 

Na V.II~ 

.Na VIII 

Na IX 

:2.0 

1.,6 . 
' 

'l.t7 · 
1.5., 

l..,2 

lt? 

1.4 
l.6 
i;) 

1.0· 

;t/5' 

li~t 
l!) 

l..l. 

:.~ ,.-.~ 

,•• 1.4· 
:· _··"_:>. ' . ,_:·:· ··_:'.;.:· ___ ,'_, />· ' ,- " __ : __ · .. ,:_:· ·.··.: ., -,. ' ;_:_·_ -::· .::_. .· _i'. ):;:, /:{(;~f})_:t=')>:\\ :.:. :··:./·-·'. :_( '. ·. ,' --. ' .· ... : : . . _,;;·_ .. 

* l~a I.I, III, 'attd··'trit :we'~e 'USed up '• .~.o. •u~~i~'iing'_ taulty . . .·. ,' 
analytical m(:ltho.aa, so that . analYtiea.l \a:a~'a,':fU'e ·n·ot .availablett 
-However, values .• of ' inagri.etic :,~s oeptibili~:J'.ies . for these samples 
indicate ' the ,,Preaenee 0,,f . a, r,a:vamagn.etio}itria,teriiµ ·1n. the mi,.tt.J.res. · · · · ·1 · · 



. 1niJ 'cesiu.tll ' com.pound~~ al. tbou,gh retaining· •tiielr 
, .- ' ; '; · • 1•. 

oolo.i-ation f~1ki;v ,~ellduring the _ handling. opef~t1ol1.S1 · 
. . . ' .. - . ,, . . . ' ·' .. ·•, ·. ... :,. . ' . . . :.•>. ,;. . ·-;-: \·-/•::'' . 

,, ·_. ' ._··, ·:-: ·,_ ,• ,· ~'_; -\\_,'\<·>··.,. ··:- . . . ' , .. . _ -_ • _; . ;_ . ' . ·- .>: :-··-,·( :·:-_· . -. :/ ",": , ' '.• .. 
l1berat!3d much\ less oxygen per gram of sample t,b.a,,0, did . 

. the •oorrespohd·Ll~ s¢d.1~ qompounds • .. Tb.is:;t~orr:,~·onda ·to. ·ttie' 
-· obs~;v~:•tii 11~·}~e;o~t•ed b/Manenot i~d .'I{aiii~h~lt;s·~ that ., . 
-_ . . . . . . . : ' .. - . . :-' ... . . .. : _(_ . , • ., . . . . .·.,,:_n . .. -· . ·... ..... ...... . . . . . . ·_. 
ozQnated oestum ·hr&roxid<'¾ contai.ned less':/availab;l.e oxygen -

. (per. cent by w~i'-;ht) t~a~ dld the oz~a~~~;·:·:···hyd;;~ides of the 
' ,·, '. : :'•'. . ' .. \ . . '. ·._. , , . _ .. . _., ·.::, ' .:~ - -- .,_.. ··. . . ,• .. '·. :i, _ _. ,f:.'~t .. '. 1,):.;\·-··· _. ·.·:.··.·.-,(,)/ f , ' • 

otb.e,r alkali mete.la~ .-, Tnerei'Qttet ih or4~f ,:::to\miilimize· the 
; ·_, _ ,:. ' ·. · ; ... _..'.,· ' ·· •, _:,::·: .: :11 · __ .. ::,: ·, .-:'.·_· ./ ·:•.·! _' ·., "·: \ .'. .···\//;:;{\-;':/~\}:·:·>' · . . . ·· .. ·.~.: _, .. · '.·;:·:·:-:-_· . ·,' .'· .. 

-errors d.ue to i nsuffiofent ·m1 xing (n.on--!jp:n1tigene$ tyJ of. : the • 
. ' ' .· ' ' ' .· ·> ',- ·:~ . _s' ·,· ,.:·_.·:_~-.:·.·· ~- ' . :- f '.-.·.? . .:- ·,;J , .· ',· '. ' .·:···.: .--~.':i•:; •:'/:i)::,()>(:\;~:\:;:?','/ <·_::. :;-·:_::···_ :·_· ' _· ,· ' ' . ' . .:.-

. sample, the entire weight ·Of\ _p:roduey used,j f'.¢Ht the individual 
• ', l "• ' ,. ·\ • :l . • J 

magnetic .measurements was'Uaed in the , ati,1$se~. , '!'be entire 
.·. ;' '·. ··:- •'>:1 · .. ' :• ., ' ' ·.," ,. . ·, . :\ -'t .. ·:•://·::-.:··\;:~·-._-,·. · . ,· .. ·; ' ' .. ! 

conteati3 of tb.e wefghi.ttg tube t1ere adne'.~li :'. to .the decomposition 
-: . , . :, -_ . ,., . ' ;;, ' •. . ' ' ··.:·i; ·~·-'. ,·-•-'' .· 

Chamber after .·magnetic ··Xil~aat.u:ierne.nts bac( C~een taken • . The 
: ' ... ·. . ' ' ' ' , · ·, ,' ·., . ·".:..' ., '.:,· . ' . . ·_ " ' . 

· p'ercentagea .. ,of: ·cesiumttozonatett •. · c~lculatedon t#e.· basis of . 
. '. • .·. ' J ' ; ' . ,' .. " • ; ';: . . . •. . . : . ;'. '. . ', ·.: / :- . ' ' 

·_ 0~9:,~ ~~ried _bE;~Jeen .~,f ce,~t .Eind ~•5 : per. oeri~t · T11eae . ... 
:percentages arJ, admi.ttedly~ . quite low a.~d preQariousiy close 

; ", . _. ·; . , ·, ' ," -> , . ' . .. ~- , . ' -<- : . . .- ' .. ' ' ' -. . ' ' ' . 

to the lilllit ot aOC';tfaoy of •· the analytio~l me tllod; · hOw e'!er~ 

the cona lsteno.v. of the reaul ts shown in Table III can scarcely 

be denied. 
The ,.magnetic su.sceptibili.ty ot C~Sill.Ul :hy&.r~xid~f baa not 

.. . ·. . '' . . ' ' . ' ' 
. . . . . 

been repQrted in. the ·11 teJ:"ature; 1t was tfl,erefo,:-e necessary· 
to determine this q~an.ttty •. before . 1'i.nai rialoulations could be 

,. i :•,- ..... =;·,· . . · .. : ' 

made. ·. Tb.ls was , accomplished by dete:I'miriJ.~g ther ausce!)tibillty 

ot . 'the ce1:1ium h;droxida, i. (mo.nohyd.rate r us~d .•· ih ' tKe ozonization 

studies/ weigtiing out .samples fo•r . analysis• · a114 .· titrating the 
. . .. ' ' . -,,_·· . •. ' ., . 

samples•· w:tth'·c).0915 N hydrochloric acid, u~ing .the phenolphthalein · 
. ' . .·. , ' '• , ·. 

end poin·t for · the ' determination of the hi4roxide -QOntent and . 



the methyl;. orange? end point_ to dete1J.n1inf.} the 'ca'fbon~te 
f· ' ' ; . • - ... ' ·:, ,;• .;· . . :".·· .:. ' ' ,, ,.. '. 

. _ _ , ' . . ·, _:_, • . . ',_i_ ' ... _" _:.- ' . , · . \·\(/:, ' ·-. . ·/ . : _ . · _1 

oonte11t. · /1.'h_e_ amount. of Jvate~ was d:etel:'¢.lned b.;t,, differenoe, . 
'r.he vaj.ue·s so, obtaj.~eq, ;ere _;h~n ;:ised ~~}:-a;:tei,ni{ne \th:- . 

.l _ , _· - . · .·: <. ,: __ _ :; • . <·;)\<·· .· _:, " -. ·_ \ i • \, . ·, _ :· · . .. ~ - . .. _' Ji _·:>.;\\\ _,::;\'/: ·: . \' \jf(->: :.' , '_:·<_~_:·. :.-._ ... , 
ausoep,tib;tl:it.V;\1;e>f tile pure ces!µDl_.'hY<¼ ~o~lde, .ut~.li~ng: ,the ' 
Wied~mann addi0tii:ity· ia\v. ·: D~ta,. Qb

1~inei;:£b{1~/t . ... 
. ; ', .·. , .. ' . . . ' . · .· ' .· ·: : .·· ' . : ' ' . ·:•~\;'.,;" :-.: ;, / 

(l) !Jagnetio ~ata: (average · of, ;tl1¥eii '. ~e·terrrlnatlo1.1sl 
' ' ' - : ' • : . . .,, . . . . ' _:!•-, :-:··._.· . . ·.'·:_ ).J}>i:,~:. ::·? ... :·(:> ' ·. --,~ .·_;_· . . 

v,eight ,of sample~f.ille·d . -~U?.e :-~,::;':3f~3141<) g. / 
,. weie;b.t .of empty 'tube - = :~3~.74190· g~ 
weight of saniple . . . . ::; ·/•7~·;7220 g~> 
!l!~~:~f ~;t 66.:~oS:;;;~: · , .::<:t3·5 :'~t ::: 

6w(sampleJ, e.t : ().30 amps •. -, .. · =. ,:_:,'..;.,31~10.:mg; 
, volume. o.f tube to index futtrk ·= / (3 •. s,308 . ml., 

··: ''_ ·, . '. ;,'.',, .; __ : ,· . ,' -... :\· __ ·- .-.. _ -~ .. J_·;<·:j:( :'-i._:: •.,,; ,.__ ... ._.. :: :_:··. ' . ' , . .. 

°'V . . = { (O.O) ·~-0~7'J Jt._t:1~~§ ·)J 'j ·>"] :•~~. O~ ;t .. 10~6 'i:nix . . . . . 1 . • 2 . . . 7. . 2 . 
~; = ~o 254 ~- 10~6.: .,cesu._/g~ ·· · · · ,. ·-
.Three . samples v.re;e the~ analyzed t i li-imetrically :for 

-· • . . ,' ·:>·:'. . ;_. , .. ( , · .. 

cesium hydroxide ·and ···cesirim c·arbonate· wf·th. ·o.Q915 N. hydro• 
. • • • . : ' • ' ; • ' ·, ' . ' . . . • ', .' • . . ' ' • t ' : • 

ohlorio _· acid ' solution, using phenolphthaliln and .m~thyl · . . .. ' ,•. . . ' . . ··, · - • . ' .. ' _.-_,·. 

orange as lndicators; wa tar wa~ determi.necl bl' aitteren~e' . 
' . : : ' . ' ·. ., ·, _'. .,.. . . . ._::_. ~-}\/ ... '_, ,_ ·, .. : 

and . the weight percentages of the -cons ti tu.en.ts weJ;'e · cal-, 
; . ' . . ' ' ,: . ' 

. '';.• ., 

cu.lated. The average velues of the : .PttrQent.ageEJ '.. 01' _:the .~~·ee 

constitue~~s we~.e t~und t ·o. be~ Cao~~ 86.69&~, QsaOOj~ i.a~; ·· · 
HzO, 11,6%. ·. Qualitative tests inc1i oate(l the abf.lenotl . Qf o;her 
contaminants, such as :halides, nitrate, suifat~, etc. 

,: . ' . I' , • ' . . · , ., • • • ,' ' ' • . \ ·: \ ., · ::; . . 1>:·,_ .. - . . . ' . 

· The susoepti,bility of oesiUttthYdrox.idecwas'>then calcu• . 
' ' . . . '. . ,· .. - . ' ' . .- ' . ' ,. 

lated from, these d.ata, C using the Wiedemerut <additivity lav,. 
: ". ,' ' • 

This value Was found to be: 
. . ' ..•. . ' ' .. .. 6 

"Xg, (OsOH) = -0~2?_3 i 10· _ :cg~-~-/g~,-
'.From this value, the gram susoeptibiliti:; or the mixture, the 

' . . . . . ' ' . . . . . ' . . 

. . 

analytically determined_ fractio~s pf the . c_o,nstituen ta .. and the 



l.OJ,,..,. 

v;iues f,o,~::rl:k(Cs~COj) anij;. Xg(H20) ': ~e~Cl;ified in:, t1;ti li tera.tl1i"e_~0• ' 
.tbe ··gfam·,~ac~pt,ibili·t.f :of' . eis'ium :1'-0zonater• w~t1 t 'deter·.mined. : 

. ' . . ,·, . ·. . ' \.'· ' ' -· .. ' . '' -· , ':" . 

. b~,,': •u•t !iliz.ing .:th,·~.: a.dditivl,ty.'.· l.a:t1._: ,·,s•,~bt~ -~.#.P:r,J~:. c~f~ula.tioila . fot: .. 
,_ . __ , -._ . ::_ :.:_ · . . _ _ ._-\•:\: ··_ _ ·· _ ,_ , i->'.:_- _·,._ ·_: . - _,;),'.:1}~:t~.\-/:::"-.-·· -..... __ : l/:./·~-. _- ·:·,' __ ·:·:. _,_:_ . 

1mag.nat4~ llloma.nt~f ·produced:, tt~e: aata .- t.e.bulat.·ea; :in} !fable, III. J . ·.. ' :, •. ' ; . ' :. ·. '. · ..•. · ... · .. ·..... ' '., ·,.. '- .. :.. ;. ., ._:)\\/)::'. \·/ " . ' . 
OxidizillS 'l?bvJet":.::of:. Oeaium,4tOzonate.1' 1;_Solu.tio'.tisi•: 

. . W,,e · f PPH'.i,i~io1;, ot tli~ ;#~e,g~ tf'.,~:!f ;fl. to -p~e~. 
et qzonaveg. ·.eesJum-hYd~p~i:de :ipvol.vecJ.. th_g!:;~s~umpt~on. that 
•.: . , ,._ • L ·.,;~:~;_·,_< ';, ' • ,: ·'::'.•<~• ,•, .-'• .... f··~• ' •\: ;•·\; _> (,: · •.•, - , ,•,.. :.: ' .•:··\ i)~.::/\\}:~)-.•;:_::/,;··" ,:·:-:·;",_ -~ ·,''::,:, ~• ... ~•_ • • 
these. samples : were , m.t:.tt'l).'r.e$ of onlJ'c: :fQn1hC06mponents:: 

- . ,. . / : ,,, •· '. ; ,., ·< ' < ••. ·. - ' ,, :: ',}'.():/'.: \' i : ' ,:· .' . . ·. . 
(hydroxide, 'o~rt>ona.tef.Water, ·and -"ozon,a:;te't)··~.·,· /rhe·',Presenc;re .··of . . ' ' - .· . -·o: ;,; ', ' . . , • . '(· . ·: ., . . . ',· / ,;:,;,'\> ,, . ' . cc . • ' .· 

an appreo:i.abl~/ ~ount oi fifth -oonatitti~it'f ·not ·conetdered in.' . 
· .. · · _• ·· ··• .. · ; · . : ' O' i< . :, ; ·· :\t'••c .-. ·x t :. . : ·. · · · · 
.. th,e calcula tione,,- wou.\d 8.lter ·conijia'erabty .,the oaleul.ated 

,. . . .. , . . . ' ' , -, , , .. ·" . --., 

·results, The solutions·-•·resulting ·from theachlicrcleo'omposltion 
bf s'atnples of ' ozona~'e~ ce.siuni h$droxid$i/~~;i :fo~nd ' ,to liberate 
. ·, •.· .. · . .... : .. _·. : .. ,; . . • . '. ' . ,, ,',f?:;, . -> :,:, .. > ' .· 

iodine. fl'om aoiditied ·potassium. -lodide so:;t~tion, Since 

ozonated>sodium hYdro2tide was, found, to . e1hive:. o'.i{ygen./'upon 
' ,. ' · _/, ,.-, , ·I ' ·,,. • '· •, . •- . , : ' ,'° - /.•;_:_ ._ . .- . . 

decompOsf tion v1ith hydriodic acid> witho~t ·. a oohcpm~ta,nt ; · 
· '.(;'/ 

oxidation of 1'o.dide ion,,- lt is not inoonceivahl.~ tb,a.t the -., 

oxidizing power · dlaplayed by cesium .~tozon.ate" 'solutions .. is , d.u~ 
. '. , . .·., ' -•. ··. ··. . ' 

aJllOun t of Ox1diz:t,ns' power in ()ompar;l soµ v:i:tli the Snioun.t of 
: .· , . . "( ·.• · . . . ' . i::: / -,, :,._ ·.· . . . 

oxygen liberated. ,l~:, ·OI"der to . estiibllsµ;-this point,,· acidified 
, · ·• · --· - "• · ·r ., ,· • · ·· ., · ·;r:<·•· •- ··.,·. ·-; • • '.) . --. 

potaasiurn iqdid~ soiu.tioh.jvaa. \tsea. as a:daJ~11posant in the •~method 

ot w.ituresn and the ioaf~;! 11'.bet~ted· wa'~• determined· by -titra• 
• ' . . . . · • • :· •• ·' , :.... . . .. • ,. ·.• •. ::. · .. ' J 

tion with arsenio(!!Il . oxide,''ie.f'ter ,the ·,;ol.uine )o:r evolvecf 
' · . ' . •· ,., . · .,, .·, 

oxygen baa . b~e~ measu.~ed~, . irt ,tibis 'mann~~ both \he aznourit of' 
• ., , · ' ." . '.. ·-':-'•." :·-,, _ ;, . 

oxygen liberated and the amount of o:xidlzing powe~ remaining .in 



Tabl~ · nr 
Jmaly ses ·'of l?otasslwn and Cesium nozonai·;tfr·rrd'xt,~1'$~f .· 

K :C 

· IC ll 

Os I 
· Os II 

Cs III . 

·os IV 

Cs V 

. '_. ., 

.. -0.21 x·io-~ 73~s 
, '. . -6 . 

-0.24 x).O 130·.o 

·: .. 0.61}· x 10-6 s1.s 
.. o·~ 039.°(i 10~6 · ei.:·. > 
-0.153 .'~ ,10·? 84,·4 · 
•~O. 22'~'.'.~~l\ l~~6 85 il 

-o:1o'J·:.; 10·6 :- 83~·~ 
.. · !,'> , _.:., l 

:22lS 
.,. ·_·;· · .. ).r.,. 

:i/ °;.",'-,','•··· • ' '' .{(, 

. · ..,_: :-·.::·~··\\·\~-\-:· .. - · ir:, 
o •. o~f /;9.9 · 

·.· o-.f :" 
:-_·1•; , . 

.O,!O~* 

6.oll:I* • 

.·%KQ.j* 
'· . . -• 

.·1.8 
! · , . 

2,~ 3 · ·•·· \, l,tL 

'' 2.5 2.0 
... .. . 

. l.6 ., l,2 

+•5 •··l,7 
' j 

.•. *As ·calculated ' trom oxygen evolution· • . 'oli1} valu.~s ''6aicuil1iJ&{ 
for K03 . and CE303 are . flhown !here . inaamuch/:.'as the:· other ,ttu-·ee ti 
suggested formUI:as for the · 1•ozona.tes.'~ v4qµ+,d give•. lower :\ralues · 
tha~ . the .values, shown .here. · · ···· · 

**.The absenc~ bf cesium oarbollate is attititbutable · to ·the e~ti-eme · 
care . taken in preventing exposute of these samples :to ', atmospht:)ric 
carbon di<>xide. · . Samples .. taken from freaflly . openea : bottles ·of · 
the cesium. hydroxide were found to be e~sentiall:q ' carbonate-tree.· 



se>lU.tion oou.ld be determined from . the sai#e sample. · 
-'> ;. ' : . . ' ' : . ' •. '_ :( :_, ''.· :_: .. ' - :' . ' . '. ' ' ' : ':. '. ;_· .·. . . .' , . ' ::_:f'- _. :·: J 

~e· experimental teohniq~e involve~. in thet3e deter- . 

mine.tio~a Jas ·~i~otiy analo;·oii~· t6 tb.a{~~\tro1v:i:·in,·tbe.· 
'·' ' . -. : :. >· i .• .. , · •.: :' <- . . ' . ' ,:,'i}{: j'\· .· ' ;' •': . 

•method ?rm1;tture~·, TM. de" ompr,aanb<l~!f~¾ataDTor10 ml, 

:: ::::i,,i&l!f t~::ir~;s:t::itii~~ibi!t;tlts 
• . ' . ·, · ' , • · -1·/ ·• · ., :::·, :·;-,_.·-,'.··.~:.-":'\''d _ ;'- .·· 1 .. -~- - -, _·· .·-" ::: .; .·,._ ·. :· .:>,:-'., .. V;L { /,:: __ >_. :"·~:<-.. ; _· , ·:~, - i 

of pip ettes .a.".nd ,mixed wel..l bef'ore addinef './~9 ·the g.ecomposant 
.i. ·.:• ', :: _. ,, ' , _', i , • .. :, :.-:(:/i: ;)' i'~-. ,- _::.: ' . ; ' ·,, _ : . '. .•·,_ ,· -_ , ., ' I .. ·_';",._:•t\:;{_\\:':·>_·:: / ' ,;:\ ~: : · , _ .··,' ,'/:>_ , _ . 

· reservoir. A· ble.nk ·waa first determined':::-tlnder silnula ted .. 

experillleAtal :~,~ndi~ion~-: in ~;d:e:r to Jst;~{i~~ :-~ht) . cha.n~e in 
. ' ' . . '' - . . ' . . .. , ,; .. ,t .. ,{ / i< :: '' 

.· volume due' to · the addlt1on ot the: :aeoo.m'.P~:~.e.nt well as · 
, · . . ' . . 

the amount ot hydriodie 'acia'. 6xit1ized b.\f\Itlle oxygen in the ' 
system. The a6idii'ied iodid; solution ;~s ,- permitted ~() 'stand : 

.in .the oiyge.n .. filled. fltmospnere ot the 4~oompos1 t!on oliambe,r 
• : ' ; ,_ :..·. ,;'- ':"• ' ·. ' '~ ' ' . ; £ ' 

tor ;O minutes, ~e average, tiro.~ requi:r;d. f~r an an~ysia,. 
- : ·. :··· _ .•. •_:_Y -_, , . . _. _, .:-.:_-· ,,_i,:: ... ·--·,:. _ ·.-., .. • .. . ! _._ - •: ._ .. ,\ ::-:r . ·. __ ·::: .. :·:_·.<-.\·,.:~: . . ;t •: -<-. _ . . -~-· _· .. _ . ' i ::: 

The change 1n volume. due to . ad\iltion :of' th~ a.ecomposant wa.s · 
,.,, ' 1 .- , ·, > _. ," < ! ' 

determined. and the iodine : lib~rated by ._ the oxygen wa$ 

~hen dete;nrl.Ae<l by titrat+ag with ·0.05048 N: e;se.oi;(l±I) 
' ·.- • •• • . . - •. _. ·', . ' I , ; < " .. (_·•.'.•. _,;:· ·.·_c:·-; ~- -., ;·; , .: ·. . ",. -'.· 

. o~~de solution} uai.ng star.ch solution as: .a~ indJ<>ato:r. ·A > 

· semJ:..-miero :,b~ette was -used id ' '31.l ,·iodirif 't1trat1.ons • . , Data 
\• ' .' :,' ., ' . . · ' .. 

on ,tho ·bl~pk:-ar~: · 

were 

temperatur~ ... ·. . • _25.;00 
pre~sure h,orr~oted} = · 731 mm, · 
ch,ange 1n · volume due to· decomposant = '16.J0 ml. 
blank, · at , sTP . · . . . .. · . .. < =lli..25".r:nl•. 
v~ltime 0~05048 ·N As2o; __ .solution _,t~ .:,~lti-at~,/Ia = 0~075 1111. 

t .hen 'oz?nated . at 'roorii temperatu.re, VIeighed~ and added 

to the deoompos; tioli Qhatnbe~ in the s.am~ man.a.er as was used 
' ' 

1n the -~method of .mix tu.res" •. . · The ttozoil(!l'te'' w1:1s then decom-

posed by means of the daco.mposant (5 m1t;·e>t .. 0-.1 H :Potaa·siwn . 



1,:. . . . .,._,_, .,. . ' .. • ·. . •.·. '_ ' ' .-:_:, ~-: ·' ' · .. '1• '>, •;, . .- ." ,. 
iodide solution 'and 10 ml. of 1.2287 W hydroonloiio- aoid 

solu tionf' and th~ ,of liberated easis a~J:f~~tned~ 
. . . :, ... . . . '.-.-!J: .; .: . - .. :._ .. ; -~-: ·- .> .. ... --. . .:.· .<:.• ijr·<-·-··:' -;/ . :{<r·;; ·, .·.·.-. i-----~-.:·= . 

After the analysis of the gases for cattdni ~io:X:4..<le . (by 
~. ,, . .. -?:_.;:_.\: :· .. :.,:,:_,./<~~.:i~:-:::·:'.::·._·,:.:.··· ' : .. · ,:: '· :·\.:·:'; ;, .. ~·.·: .' \· . _.,.\·,": ·. _<'. ·:,:,:_\:;:})}~ \:\:· ·, :'. .. -,.\~}:f\(?;·-:·/'.'-~/~',\f"':· ' . . 
absorption in oohc,entrated. alkali '. solut:tQll)', , tfl:~;, solution 

'. '.·.' •,) , •. : , ··:\\.\ : /··. ,, - • _ ' ' _ l ·' ..... . • _.: , - •,_ •. ~ . :; .·\ •. //\•:• _.• _·.:- ::_· i/f~{ .. ·\_: ... . <~ : 
remaining . in the deco.moos1 t ion chamber · l1as . ileutralized · 
. . .. ·':- . ·. ":: /: ,,'·: d'. '- . : ·· ... · , . . . .· .·· · , : ,-.;f.:\:1:{:. . <!,,;:;j,L:,:,,·•;::,<c..-\· · ·. 
with ·. sodium . bicarbonate and the iodine which W@.$ libe,rated 
during the d·e~O: ; :osition .-of the •"ozonatJtt.:':~w~s .t 1ttrate,~l. ~1th . 

. . . , . .. - -._ !". . .> _J : - • _ _.; ·_;/:\ ·:'--_ - -. • - r •. -- - . :: . :;_. , . _·. ·_.,_.--~ . : .-,~·:f•.JtXtii::~r: . .. :·-._-' • _.:t);-..... · .• · ,._ .. /· ... ! . • , 

0.05048 ' arseni.clIII) . oxide solution, us1)¥g 'istar~h aolu.tion .· 
. • . _' . ·. •~ ', i ' ; ; _', • • :: ' ;~ : . • l . ,. ; .. . •·, -' • • ' . ' : , l :. , ~ ):{f!{(<-:·///:· ''. ?./_!•,., -:; . , : . :; :•. . • _; ' • 

as an indicator. From these data the amount of. ·:.liberated · '/ · . . · ,,;:,: :, ' . . · . ··· · ·, ··, ·,, ,:)Y:i{\:·/• . . >}{: :-. < . , · 
-. iodine as well -~~- the \ tlJ'll.o,unt .of evolv~d '/~tgeri .was· determined, . •• .. ' ' ,· ' . . , .. .. . , 

A . samp1ei"c1ilctil.~tion follbws; · 
' . , ' ' ', . ' ' . : ·," . ' . 

weight of ~emple ' .. •·•.'.=.· .. :.···.·. 12·.···g•o ... 25·. 6~ ' g.; 'temperature :.' .·.) :. ·.· V 

,Pressure <· ( eorreo tea) ,:::: 729 mm. · 
change ,·. tn : vo+µ,ine, . ..... ··.. f 18~60 . ml:f 

_ volume change~ -·-at STP .'it:: ,171.05 ml. 
volwn~ deorea;se du~ -t;> o.o2 a?sot-ptiorl ) ':;¥';· o~OO '.'ml{ 
volume of carbon· dioxide ·.;,,. o.oO .ml.· 
vol~~ of ·o~ygen) ' ~t STP : :== •2;70 mli . 
mols or oxygen . . · _ . _ . . . . , ,,;c:-,,.·.. · . ¥ lit ,;ic ,10•4 
volume . pf Oii-05048 lf As203 used, to .ti tra~! ·12 .•. ~•-· •0.280 •.ml •. 
volume of .Aa2Q.1 . blank ·. ·.· ·· .. -. . · ·· .. · ·)-':, · - -·J: O · 075 ru1 ' ,· 
mols. I~s,:lib~~~t~,d .during. :deot;>mposition/·::-, •. '.=· ·,,.2(:.~.· .. ~.:.::w~.•.•.'_::.•l;.:,2_ ..• _•:_: ·x· 10.,;;_ 
mols ~2/:,znpl~t,I2 := 1.20 x l~~.~/0.52 x,;l.p~5 ;,, 

: . .' ; ,, ,__ '.- ·: '. ;,: '. : . • . ' . J,. '• ' 1' • ,.,, ., f : . \·: ·} ,. ' . ·. :. ·,.' /. • _ _: · , 

The results of ti ve · such determin ati ons·<Jire : tabulat:e~ ·111 ,•, , ' • "<.•'I f, -~ ,• >}./ ,' : . , ; _• < ' ' - '.-.i ' : ,,:•,' ' .·•: •/((: .. ~(•.·/ __ :.,: .": l ,, ' /.-'· • •, i . o_' 

Table, IV,• The'fi~ data ahovi ' that the amouli1ii:6t .-dtidizing po.wet: ,, 
.,· . -, . · · i ' _; · , . • · .; . :·· ·.• ___ · · -_,_~·::,:: ;,: .. _ . -: ·- ._ .: ._ .... . .. . r}<tf:/f .-- . '/•-:: · .... ... _.. ·: . . ... ___ .. _-._.::_:- .. 

· ~emainin.g j_n; , ~6:¼_4.~iou .- aft~f d~,comp~~i ~i<>p{ pt' cesium ':'' oz~n.atas.t 
is · very small. 'in : comparison with · the amou.rit'. ot' -oxyge.n ·evolveciJ 

~ - , - _J · •. . .. \:-.• (' · ,_ i·.', . .-:,: . . _.: ·· ., : · ; ; , · , · !,, . . _· : · .. • ..... i(/}::":> .. :.:-,:· •. ,;,,: ,-· ... _ ... -._ · __ .~-.. 

such being the oase.-, the results base<l';,6ii:' the . data tabulated , 
. ' ; .~ - . f,; 

in T~bl!3 III would appeal:' t 'o. be c,ompletelf valtd. 



FIGr IV. 

Oompariaon , of. Libera'.t~d-, Oxygen With 
,: , ',' ',_; ,' ; ,- } • 1 ·• •\;, • ' ' a ., · - '. .' · _- : ,: • ;•: • ·. , . . '. \., • • . .. , ,'\. .: 

.Restdual Oxidizing l?ower 
·, ! , ·, _,. • ' • •_ , ·_ ' _ . l, ! , · •• .\, ; 

. ·; -,~: .-tt:~~-~}fr;·-/:/\+:r(;;i:~~ 
(2) ' 0.4911, g. 

I 

t3 )' · 1.,.0296 gl:: 
( 4 l . ()·~ 19 30 Ii~:t: 
( 5 )>: : 0.,64~9' g:; 

· __ · ,' 4 - · ·/\. 6 
2. 92, x 10· . 6 .6 ~/. J.:O'."" _ 
· 6~02 x l<r-5 ·3.2· i}{i6t6, 
i,20 X io•lt .. $,_ ••r_·~.ii~_~f-66:_, 6.92 ·x ·lo .. f . 2.3 x.A:O , . -
4.02 -·jt 10-5 ·, 6~; i~';}!@f, 

. ' . : :·•,_~_'f-•.'\J,• ' ', . .. •-:":_; 

108. 

52 t l 
i':i ; f.;,i,J l 

23: l 

32; l 
64 ;. l 

O._pa.n ti tatlve Studies ~ - the ; Extracted'' •~o.~B.d~tes'~-: ' 
· · . - _ . · : __ · - ·; _ . -· . · _- - · : .. -;:: -- , : _ - _ -~ ·__ _ ·/\i2ii/::_·.•-{_ · _· · ... _~r.<--~-
-As _has ~lte~.dy been .. mentioned• pot ~~:~1:µm ,a)id oes iwn 

- ,. ,. ,' ., ~---' ,:: .,,·, •·. •. , , , • < _ , ,_ , . ' _ ·. 'i_':{7\>1~/~(; :._, ... . ·'.)\(::'•\ ... __ ,:_.':.<·>·:·:, : . ··_ 

"ozonate~1•·•,' 'ai"e'• apparently quit~ ,soluble 'f n/ liqtll ii:~nia,: 
. 'i(•,-• ·· .\\ :·_ - _. . . - ., . - - .. - ,, ,.::;:::: ___ - ·l,:tt}r:'•l\!l:•t -·• . 

for they are .. r~adilY extraete4 f.r.~m i. the :up#eaQ~~4 .hydroxides 
'. ;, . .. _."\'(=,:t::_.;.:-;:>:~·:_'.f?~\i?:.:.; :·-· ' __ · _·- -, :; .· _·. · . . ,_.;-_ ~-~. , ' :, i:°';: :,~.>'. ;·-,: ;. _ ,.\(};·_;} :-,:,:\:<}):;·.:\·" 

. by this ,a0,lv~.nt, Jt:vaporati.qn ,of' th~ ,:-es.\ll·ting ,aolutio.t1a . . '·. ; ; .. ;':> .· -/! ' ' ' :·· ,, :, , . './ 't•: :.):'\:+. /_ ) : , ,· ' < , .. ' 
produoes~ed. s .oli_ds -wnicb a:r:e ~e~olllP~se¢:.·.1?$t;wa~e~,'.oJt '.•.aoid with:.• 

' _ ',;:. < •_' :_, ,•: ' ,: ; ; .:·,->_\):\· ~• -~ •, .. ~•;- • ·_ .' " --~ .. , • • _ • :. _\•<. / · . ,;:,' ." ,' -~••.:,~'.:~:;;{i:\2\\: . : __ ,_ > '':::i•'., _, , ." _ I . •_ , ; __ . • _,I . .-::-

a concomitant: evolution · of gas.. In or-derj 1ta e:st-eblish the · ; ·- ---... : -'. <'.:> -_ --.. : . -:· '. '. ·_,.:·\t. : ,:_ ,: '.\l./::H{Y'. , ·,.: -_:. _ -: 
nature· of._ ttl.es.e '. substa.noess sev;e1:al.-.,_ qu.a,t1:ti:tative determin• ,, 

; ',·' :, : ; ; :7,),(t !- ' .· . . . . , : :_-,, <: )" . : );;;/\; ~,. '., : ' " ' '' . -, -, '' ' 
at ions , were mad<;f_ on both , the .Po,tass~um. , ,at.ld\ ;<>esi'1!1l . m,a.te.rl.als 

. ~.x*aa~~~· b~'t1.~@(~n~a• , ··•· •.. : ' .. ,· .. · ..... •.. . . 
Thi if work ' o:n:>,t4e ;:e:xtraot , Pf;·ozi:,llat~~/ pptas~ium .hydroxide . 

·•1hich we:il:.rep:or,~~d biiaz~rho~~~il~: wi~~t~:kii,_ ·_and :Able·isov~11t . 
' {reported.-__ b.Y:_ them:.-:i.01,:b;,":xd;l \~~s ;1 rst,:t-~1~at~d ;in~ofar a:s 

·wa,a p~ssibl~•· ·and: th~ · sfmtf~r •ritudies ·. ~ere ~conduete·a on tbe ·, . < ' ·. ' ', : < ' • 

'. ' ' _,·> -. -.-- . . . '::: ', ' ;'. _, _·· .> .. ~- . ':.'_ ·,: _·• .,. ·'- -,.} ;: ·, :· ·' ' . :.· . ' 
correspondlng cesium conipound1;1.· ·-, The experimental technique : 
involv·ea in the oz~nizati~n of.th; ,i ydroiI~:es were simil~r to 



.those which have been already mentioned. '. A sam;the of 

pulverize.a. .~e~;~rated pot~ssi~ li;,~roxt~i ~as •Jraced in 
the ozonization chamber OI) :;how~. in :&'iet,;. d~on~-, 

' . , • . , ; • ' . • ' . . ' . . . , ' • /~•.,' . : ··• • • l 

ooritaini.ng o:xy~en* .was then passed throusll tbe :sample • and 

permitteO/hto •:,Pa~~- .throu~~ ·:t~e st~p~o~~ .,(Gf·. intJl{'.the·;· ••~-~cium . 
I - ··--• ·_: , ·· , _ · ' _r / • • • _ ,: •. -:_,'.i//.(fi,:~ .. -:~-_(. , _ -:,_. , ._·. . . ~1 

oxide tov,er · (Olf . am tne.n into th~ s'dl.'utlon of potassium 

-iOdide <rlf; · -,,{The latter·' two ~~b~t~oea \\J~:t•e uftI1iJJ: 'to 
. . '• . ' . ! ' i, · .. ' . f '• .• --~- ' " \ -: ; • _-; ,;,::, 

' '. _.··' ._' ·,_ . . . . . ' _· . . ,' '._ , . ' . . ' ·t:-- ··,:· '. :;_ ·.::·-·· ' ·-_<: ··' :-: , ,_ ' . . 

decompose . an,Y effluent ··ozone.) ' . l)ur1Iig tb.~:/:ozonizatio.ri . 

prOc~ss, ' ths $an\P1~ was 'periodi~srif·asl~~iJa 1f .ord~i to 
expo~e . the . maximUl!l surf lille . to . the ozo;e):;[i}i~ wii:s' iidcOmPibh~d 
by tapping the· ; eaotion· ~ess·el· gently ~f{ii,:,:~e· }ln~ers~· 6~ ;· . 

. .. . ' ·· . ';,.: './/.:;_ .... ; · ,; ' ·' .. 

by periodically ~pening the stopoqok (F)') ~ d. p~i/l!U.tting tb,j 
. ~re~su'r-e ,. in 'th~ '. ~~·le iwn ~Jdd'e . t~~~;-. ·;0-'i0,i~e: ~di' gase a b~,ck 

_· ·· . •. . · .. ·· ' .· -. . ···. ' .· .j•t: ,:• · '· /;}' ;, , ,· ' 
through the sintered glass f'il ter and . µp t:through the pul~ •· . - .. . . ,_- .. · . .. , ·· . . - ·: ' ,,, ':Y:\:, .. o::':.t ' . . - f· - .. 
verized •Sample~ , When the sample .app~a,re_d..tt.o 9 ~_)vell.ozonatedj '· ' , •. '.-, :· : . 1_ .. , ·. -~- •' ·' _._ :: -·: .i,}::/ti\?.\'..)(' •.•·:,?/./ -.'. I,·,·: l '., , ' , •- ;_: ! • 

the curre.nt passing through the 1aborrrtdry ' ozon~zer was turned 
. . ,j\;;_:\: ,\ 'i: .', . ' . . .• . ' . . : ·-.. . . ' ' ' ,'{ :,: : ' ·; '1)1\\!,:?{i::\:,,,,:;\ i .. .. ' . ... . 

oft:, and dry · oxygen. was peasecl . througb/ bli'~ sample. in prder 
, to. remove all . t1a~.es of -~esldu~l oz.one :t'.U'~~ ,tnight ,b~i~l~~ · 

' •·• ··, ·) t·•. :•J0 , _'·• \', · .' . •• . I •·, ., •• , ' 

-th~ .. _?mmoAi a. to. :~~t-used> t;or :· ex~t~ o~i~tf ·. ~.t(~te "f.~ona ~e"t ., ., !tef 
washing t .he sample, wi.th dry oxygen for :E.lto:ut·'20 .l'llinute~, . tile 
· . • ·• - . . < : ' · - ,.: - .· . . · . . . . . - , : _, . : i ;·<::. : C , .. . . .. . · .. •· i . . 

o~ygen .was turned off and - the ,stopoook: fP-). was turned ·so that. . . ' . . . . ;· .;·; .·. -·~ ,: ·. ·-'.··,·i?f:.:.'i· .. ·· . . . . ' 

the ·s-.vstem: was open~d to the ammonia oyll nder~ --. Oooiing b~ths 
·.::;:;,:.:.·.· , 

~lfhe laboratoi-9 ozonizer which was desor16ed: earlier was 
utilized in au~ of the studies on the 1i:4u.;d · ammonia extraction 
of the nozon.ates" • · · · ··' · ·-
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or aelloaol-ve and soli.d carbon dioxide . were ;t>repared- in 

Dewar flasks {I and .J.) and t~~e .baths ;iie.re the.ti placed. 
. ,· ... : ·. . . ',,,· .· ,• · , ,, ., : .. , , ·. , · .. 

around the chambers · (K and ,. t) as shOVID . 1n: ;Jig1t y . • .Stop ... 
. . . . ,\'.,'' 

cooks (G} . an_d {Hl were __ closed so that the ,collection ~essel · 

(LJ was · oompletel.Y·_closed to the atmosphere and :to ·the 

remainder of the syatellli When the ltozon~te" .wa.ii' cooled to 

.. 'the te.mperatu~e of the 6~oling bath~ 'st9p:C:,OQk {;F) was 

opened, _a.nd ··_tank . ammonia _was .passed thl."e>ugh the potassium 
hydroxi9-e dry'in~ tower t:.-:d ' and into ,the:···~,~nization .vessel 
Whe~ i -~dndena~d on top ot the ozcrna t~·A: h.Vd ro:xide and 

' ; .. _, ': ,. ' . ' ;, ' :·,, ./-> .. ': . t . 

e:xtracteq, the "ozonatet'. . After .a.Ppr.e>ximatel9· lo. mi. Ot . . ' .• . ' . , .. '. : ' ~- ; . . ' . ' ' 

l!-qu;d ._ ammonia hfid been collaote~ itl · tne .· ozonization _ vessel, 

stopQo.9ks Jli) ~na lG) were ope~~d ~o the;t· the · solution 

wa~ free to~~ss into .the ool.l.e~tion fla~lt .. (L}~ '. stopcock · 
1··:, . ·,_.,: .. ,· ··:-.. ; . ' 

(Jr) was cloeed.t . an<l. the . cooling ',b_ath. fl) ·:surro~ndi!\g .;tl{e: . 
·; '°. • • . •' -,:. • ,. ) •· ·._,.,· -." i', . j : l . I 

it .r,a_$ pe{riiiit_ted to evaporate to dryness by renifj'vi.'ii'.g :·the 
• ' t • ' ' ' . ' ,. ; ' : - • ; • ;, ' • • -~ , ' ' ·· 

oooling bath (JJ and 'passing dry' oxygen through the .. syatem. 
' ' ~- '_ . i f ' :. ' , • • ' : • ·, • • ··.. ;. • ' :,. ·_ .. , .· :, • ', 

-·, ' • ' · I ' i . ' .· ,. ,· 

. It Wf.lS found .neoe,s·sary to . clry 1>he system \;ell· before 
... ; · . ·• i·•,; ,· •.. _:;.~ ' :::- ··_:;>, .. ,·,. . ' . :· . . 

a~y e,~1:.rfiC~~on ~as ' under,taken', :par,tioula~ly . -th~ 'collection, ' 

ve·ssel, since liquid e.mmonia readil.,V a.bso~bs moisture. 
' ' ' . ' ' 

Fot~asiu,.ni .. hydroxide towers were, us~d for · dehydr,1 ting purposes 
· , . . . . . . ;. --~, ' ' ' . . 't : •, 1 • . ' ... 

since · magnesium perchlorate r.ead ily abs~;bs • am.montaf :t 'ne . deh9 .. 

drat~g tower •(B) {ea.ding to t ·he oollectl~n ~pp~a.tus 
,, . . '· .. ., -; , _:_ . , . :· · ,· .· . ·- . 

utilized so that ,atmo~pheric moisture· o6iild not\ di'tfuse lnto 
' ' ' ' ' ._. .i' ·': ' ' ' : 

the collection flask after, evaporati<>n of the liquid. a.mm.on.iii.:. 
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' When ~he l.iquj.d ~onla solution b;~d· . eva_po:tated ito. 
dry.nes:a ' and ~11 ',r·esidua1 1anmonie. ·ft~d bee:O.· sw~pJ{oµt ::by the 

. _ •,, , ... ' , : ~-, .• •.· :_ '. ' l <:,,)_'.<.:<:., .... '•,', ! .• > :'.: , \ .. _ •, : .•. :'. ' • _: • .• _,:• .•: • •, , ( '.' :_\:_\-•)( ,'~-;•-> • ,•_./_),;:I, '. , _, . ~. ,_.; 
stream ot dry ·ox1~E1µ~ th~ 'Qoliection flask (w!li(ili :was not · . , , ·.- ., . .. ;.' ' .. . . ;· 

. 'lub~1cateQ..) i. was\•;iemoVed; q uiokly ··st6pp,ere4';::·ah~t·;~~e{gt{~a .')n . 

:n. anl\Xr tioaJ.. '~~rut,f : ,111:('lr ;11~ .. bJ~~ ~eta~- . . 
inib.ed, . the eoliec~ion ' tiask was fastene4t.\~9 the arial.Ytiesl 

·. S:pparatus ' '(F:lg~:,:rv.l~· ~ere•' l t ' ;~r~e<i:: as ,:,;i:J~: ' deo~~;-~si ~on ' 

;ch~mber~· The 'r~f soll~ ~es then artaiyz,~(ii~a~omatricJ1l' 
·bf 'the .. previpuslj' d~s~r!b~d met~iocis·, -~':J)i~i~· ra:ulting :·, 

' : _ > ·_i .-·_.·./· . .-:·._. - _: ,: · , ·~. -~' _;-- ·,;,. ( ,' y :-·:<\t/){)\)::-.(/-~:, _ ,.:, ' ·-,_~ _ 
solution analyz·ed· tftrimetrioallY !'o:f . a1.:~~li eon tent. · Simi-. 

' ' ' . .• _· ' ' ' .. ' ' ' .· • ·. ' ' ' ' ' ?\?i< _··· . ' ' ' _,. . .· . ' .· . lar analysis· ·were 'per:f'o~d on· samples·:·~{ e:irtracted' 'oeslum 
. _:;· ::}~ .. . 

' 'ozonaten and result·s tor both 'the potis~1~ and cesium .· . . . . ' , . . . . . . . . . . . ·. . . . . . .. •·. ;'./.',:r· : . . . . -_ . . . , ; . .,_ . 
compounds . a.re ··tabulat$~ -·1n ·Ta~ie V. Inaij.muoh as the .weight 

of ·the collection !iasks · used in these i¥~dies' were 'approxi• 
' ~. . 

mately 50 g,rerl1$, w'eighta ot sample~ ~t only 50 t :~,' 100 mg •. 
were b.Ot 'cc,ns~de#eil sufi'iCientlY . acctira.te to wai-rant inclusion 
in thia, table-.' 

SeVel";al· dlfferen't decoinposaut's wore ·' used i.n ' the ari 'alyses . ' 

of thif oesium and pote.s$it1m materiaia, .: an(l ' .. th~ '-.resultil 'of 
,j •. , . . _• ,, • , _,. • . ' : i '• • ., 

these ·various 'analyses ' ar~· 'sh.owri in '. Table ,v; ' . R~sul,ts· o:t .. .. ' . . ,· .. ' ·., . .· ' · , '· , :- . ,. , ' -. . 

twt> .analY~~s '' 011 ;the '' cesiw1v·eomp'ound~ . ~hown _. ln 'ilia ; fi;st' ·two 
ro~ of ._-the table are'' bas~d on. 'tlie use· ·of eciti(f!.e'd .:potas·s1~ 

. . ) ' . . · ' ' . .· , ·. . . . , 

iodide solutfoh ,as a -:deoornp~sarit; thef•resu).ting ~plutions Were 
neutrallz~d: w.i.~h s ocitum' b:1.ca.rbohate ,'• and ',th~: i~lti~, lib:e;ated''; . 

• . '," • • I / •. - . . ,• . . ·,.•, , ;:._,.- , , • , • , • 

starch solution ~ia an indicator. ' The :foltowing row, in 'the 

table shovis the results obtained ' from th,~ · use ot a.1.stilled water 
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aa 8.' aecom~Q~ Eill"l< .at, ter:,'~ea~ureme~ t O t · • the eve>l.y~,d gas• 
aciaifled •. ;p~taa·fiftUn iodlde · ~otuti¢n. was add.e~: if tlie result-

• i , ;' • ' ' . : ./. : •. ,. ,:: ·. , . •· ' • . ·: • : , ;- ., . ·-;• ;,=_-i- ' .·' . -:·:,.·'. . --~_:i·· . ._"· . : ::.:•. .-· .' --

ing sol\1 tion · and!· the · ·lodine .. liberated 'i.,as; ,deterfuinecl.,'tit:ri.• 
·.- , .. < ·_·_· _ .. ~. -. j ·:: ,, ~ • ..,-::_ ',' : ,_: .. . ' ' . ' .' ,:_,· _ . _,· . ::. : : •'' ·" ... ": •· :i:•:·<.? ::·' ', i:_; t~(:_· ' ·:-·_' ··: ,,,-' \ __ ,_ ,·. . 
metticallY1ttb'r/l'h~:i f'Qt1rth and ,.fitth fO\'i~ fA. :the· t~:!)J.e'-(is'how 

• • • • ' ' . ,' :-, ; '. • • ' , , . I ' c :.~ . • •• .., •. '. ·• , \ "." • • . • . _-. : • • ,:, ' • ·.:."O . ··., -'.·. . , .. • ·, .. •. • '; 

data obtai~ed ._ fx-ci~ · tµe· use of a~ aqueolls •.ltiapf3ns1.on '.of ,; 

~n~,an~se clio~~d~ as a dacompo~ant; the. t~su~tiµ~ sol~;~ona 
,ve:t?.e t~·tra,ted . wf tJ:,li •o:.0~15 N hydrocUo,;-iJ'i)/~did : ~blu ti'~n · to . 

' ' · ··• . ' ·. ' ' , , ,', ! • ; ·, ' _ .. ·_ .• . ' ' .· .. _ ·,))?{\\.;//.!',;, ' ::, , ; 
determine ·the: alkali ·content. :i:n:.one:: or:f\'fih~se determinationst· 
e.oidified }~t~J~ifun '·iodid~ :solution ~;~}~~i~·~a: t'6, •·the :. :01ution t 

, .• . · - .'._: _> , ... • .. ,·. ' ',' . . , . ' . ,' ' };;·(·: ~.' , ,. . 

remain.i.ng ''~fter ~i tr~tiQ.tl vd.·th. acid, ana)/t#e iddine , :;1bera~ed 
. v1as .~etemi~ed b~ us~ . ;·r a):a;lli~tlII) olit:r aol.:ut1o~. ~pe~e 

•. . ' · _;_ i ··., -'.:., -''. : " ' :- ' .: .. ·, . · . . ,•· ">>)-f/('.-··'; (:. : ; ,/ .,_ ·,,_.• .. .. 

, cla t,a ShOVI that : treatni'ent ·.of'. th~ ~ol.1d '161~cinate" . vii th water 
' __ .·· ' ' ..• ' ' ' ... ',. > . ' . ·: . ;• ,· ' · .. , \ ' ' '.. .· ,, ·} . ., .·, '. .·• · .. . ' ' • .. ' .·· ' 

or aoii\•·does no1i. appreciably a:tfect the ;nh~tentox1dizing . 
. PO\V:~r 9£ tne s~lids~ ', The Of cesiuik h;~rd~ide •1mp~~1ty 

·.,, ' . ', . . . , -~. 'r/;.,i '. • 

in · these ( fourttt. and :f'i/fth, fo/'s) 6es1um fozona:ie~ sampleQ 

was ; such ~s .. fender the· pe~oeritag~f:! ; of ,. (leSiwri mono.xide and 
·, , ,·;, . . . , _,._. ..'i• . • ·, . . ' ,. . 

Qxygen 'not': very a1gnif16ant. · 

· The s,ixtn ~~venth ;ov1s. of ,Table y give th~. ;resµlts 
' '> ' -... -, .. _,_, --·: ·. ': .··.· ·' " . • . .' · . . ,;· . . . . ' . , .·' 

obtJined·b$ ,deootnposing ,samples. of th~ .potassitim cotnpoun.d with 
, ' . ' .. ·,,., .-.., ,: ':·.. : -.- ~ .' ···~~- ·-. -· , . ·.'/.:; : _. , ,· •' . · ' ' 

. wate~t .:nieasur'ing the ·.evolved gas; i~d ' titr:a~ih,i the ·:.resulting 
' :'. _,,_,:··. ·._·.~: .·:_:· ·,. :_·,:·_ .':.•:_-~ . . .. . ··_ .. /' ·\'i ,: .• >-.·-_,_.:,' .' .'. __ .... \::,. ·. '·'.' ! --_ ·, 

so).uttit>ns·•· with Q..Q9l5 N h$drochlc,:ric -aoid<solu.tion •. : 'Addition. 
, ·.• ., . ,· . ', . •' . , , . • " · \ ', · • . , ·.'. i ) " I • 

of a¢i.difiecf potassium 1odi4e t ·o these spluti.pns , after neu~ral• 

J.zatiion °b$ th·e ~dro6hlorfo ~oid reaulted! in, th'.5 : liberatto.n. 
. ' ,- ' ' ,-., . . .· . •, .. · . "' ' . ' ' ; >-:- : ··-1 ·-,;,; -•·.' • j ' 

ot ,only .:·fafnt t:r:aces· 9f· 'iodine. ' :{.~hi~ be_hav1oi'.Is to, be. 
. I ' • . I :;. •:' .' i 

opntraat;etl to that shown, by ·, the , t'feaium. ctifupoUrid~) Uowe'Y.er, , it 
. . •' ' - . ' ' "':\ 
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tpdide • . The oaicmated pe~rlentages ot :9x9gen ,~·nd· potassium · 

.mpnQxlde ' agree ., favorably with .t bo$3'~aloulat.~d f~r the 
eomplete decomposition Qt material 'Of- g~o~s oom;'bsitio.n K03• 

The -last: row. :in ~abl~ V. sh~ws: the amoun't: .6r oiy~eii '; ii.berated 
·. , -;.·; .. ,' · l : , ' ··. ·. :·, . . .' ·. • l . 

by_· heatin6,::,:a:.<o.Oi19 :g. ·sample •of . the p~~.-~si~ [it{omp,oµ'hcf fo,:-

. on~ hour at ·.,0°(,:f _ The ' percentage-of o:£/tih, · -~a:f~uia~ed 011 

,' the basis Of 'the:::;,to~al, t•;eight of the 'cj;it'i,una. l~ v~~j ; 
roughly· equival~nt:: tp 1 that· '·oaloula.teo ·· i'C>'.i i<ih~-,,oxygen ,,iib:Jr~ 

. .· . :· ._,/ ' ' ; .'. ··::·/ _i',: :::.::>·>;. '. ' ,"·\:, ' .. _:., .\,.. . . . . -' 

ate~ in th~ , de~·om~,6s 1. ti on ' of KO :ftQ ,KO~:~:t;f;/{O~:ae·tved{ ~6 !·o~; 
'. > ·' .· . ,• •, ,. .. . ,'' .. : . ,• ; . 

calculated; l8.4~t}. : 
. ' ' 

' A few 'interesting obaerva~ioilS':\~ere;:made. durin'g• the ' '.study 

of:·. the ' extracteaTma~erials ~: .. wheh viii te:li'<i~·:,adde~:i to. ; ef ~her . . ' - .- . ' " . . ' . .. 

the : potasa;itlll}; .01' , cesiu.tn ,fol8;terial:, ,_ the ; aerih~pbsiiion':t~kes 
I ' • • } ).·,::,:/: ; ;:•.;: ·. :°j?'t::5(1".., • • . • :· ' • ' . ' ::, }} ('J::.•, , ' S .•,:;:;•i•if{,.\<(•:)).\ i3{;~~\ • • '• 

place with ,8lmost · ezplosive tiolelJ.oe' ancl(\ts aoooro.pa.nied bt 
a b~ight :fl.ash ' ~f, light~ .: The, brillian~l ::br thi s 1'lash: 

' ' ' ·., . . ' • . . -_, ·--.~- :- ·. . . 

see~f;l •' tp ~h~pend ._on· -the <pu:t:lty .and, 'quant1iy:, or. the sampleJ , The 
, .. '· . • : _- l · • .·., -·. ; !• ~-. I 

fl~hee . are : a.ccollip ani e(l :by·' 'sudden evoiut:i6n ., of. ':~as•·-.·· .¥7h,en, the 

e2tracted ,matertals ar~ ,adfl~d . t~· ~ater· iofuied.ia~~iy _ .a~ter 
preparatio! ;'0f~hd;.:~ested with a. st{ltition ~i:t1t~J~~(ttv')· sulfate 

. -: ' . ' . ,• ' . -_ ,. , -~ ,;· . -; ·, . _- .. ' . . ' '· . . ,, 

solution ·in dilute sulfuric aoid i no tea~ fc,r: pe:rqi~aeCis ":. 
obtained > The .cesium solitl m.a·terial. gavJ ~1o _tcf~t ' fo:~ pe~.;., 

,. ! - ' ' : , _ .. .' • • )-f.(:>,:·t :_-··_.:,;,· "\i ·~·\ :,:•,; ·,: ''.! '! .':.-'.:_:·-:,(< ; ' 
oxide afte'i· ' standing in- a stoppered vess~i}:at ; rtiom ;· t~ruperature 
fo.r .seven da;s. : When the 'substances a;e';''~\eated :·{to ' :,o0 d ' for ·. 
the potassiwn material 'a~d 1.oo--i50°cr for'iibe oe~lum 'material)} 

; . C • \ • •' !•••<-<\ •/.'.' • : •.,' ' > ' 

the red, eolqration gi:v~~iwaj' to a mixtiire pi' .. ~hfte an(l ,stelld\v 

and :posi tiv'e ~~roX:id~ tests ·ax-e' obtEaHiea · on t .ue·JJ sUbsta.rioes • . 



- ' . . 

The .residue l."emaining. on ·tne'. tliter'. after · eJttraotion with ; . ~·· ,. - ·X' ,y·, 

liquid ammonia 0g1ves •positive peroiide t~~ta after''·s,eve .. ral 
' J': 

·. successi 'tl'e ozoni~ations · and e:2ttraotions ,:·:;:the re,~j.dµe 'trom 
. . . - : ·. . :_ . . ·.___ ... . . .. . . ... _; _· . . -- . ~·_._- '. ·t>i :: i~ ::.-:. _:/r .',<- . : 

the pct assium ·m.aterial giving ·:onlt an excet$din~:, ,faint 
. ·-:· '· : ·. ·,\ .. _/ : ' .: .,/: .. . : ,"·::· ··-:(:•:. ·-~.--.:·:- . _>;•,,-: ·.-;··_' 

test, bu.t . tbe , restdue reamining after ·exjfa~tlo#. C>t cesium 
- '.· -:>\:: /; :::-'<C~ --

"ozonate" gj,ving: a :fairly good · peroxide ,.•t,11t. · 
These obse:rvations · be' interpreJ:a· to · me'a~ tbat .the 

' . t ' / :- • ,.. • , ,. • ' " . . ·' .;,.:·_\;.\: : ,;_.\:_,: • ):-- :·. • · •,. 

extraot11d ..,;terl ,4a do not deCOJnJ)Ose tO\~.li'e' e~taponding .· 
auperox~es (qi .;erox1des) when add,ed. t,if;~fter ~:r;- acid:: b~t ·· ·. . . · ·. .. ·· '.'.i. ·... . . . . · - . .?l::y: <, \ · ·. . ·· . 

. that they <lo deoompQfJtl to these $nbstane~~}-:at highe:r temp. 

' ~ratures tn the ' ab$en~e;, Of molstttrt,~, .T}},{poaitiv~. per()x'icle 
= ·,. - . • ·- -) . . . •• - •• , • . . -.. : _ :· ::)/)}t}_b,-, <-'., . .\~·'.,'.':'.:· 

tests obtaiiled on, th.e residue .t"emaining on>the filter after · 
.• ·.·····' ; ·, ' · .. · ' > . ,,' , ·, ', ' ,, ' :,, ' ' ' ' ;:\(/') : . ' '' ' ' ' ' ·. : ' . extraction with liquid anunonia.:. prot>ablyc 1.ndioates that · .. a · 

. . ' . , ·., ' ' . . ·- . · .. " . .-.,., .: .. : .. , ' . '. ,· ' 

ve~y amali amoyilit .of su.peroXide .. (or pel.'6, ide)' is' formed during 
, , •, . ·• ' ' . ·. :. . ' ' ··. . ' . 

. ' ,. :-:'\::, 
the reaotj.on ,with -ozone.. Tne failure to)>bserve positive 

. .·, . ' ·<.';. • ,, . ·., . ·, . . ' 

and' .cesium. "ozonatee"• is' r,robably: attributable to the extremely 
... . • : .,. .. .. : ' . - , , . •·. · . , 

small a.mo\lllt of superoxide i'ormecl, 
' '. : , ·.· ·. ,, 

Obtained when th.e ettraoted ma te~ials ,are added to Wijter 

p,rob~'bl.y .1,ndicates inerely · that a very lri:r-ge a.mount of energy 
: i" ·' \ • • 

itl released ln th~ deoomp,o~itio.n process.. If tb,e red solids 

contain '~ate.rial~: possessing th~ formula~'.'Ko, ~(l cso3 .. and 
,· ,' · , · ; ', . ; , , 

tb.e analyti~al. data would seem . to bear ou:t<:ttiis contention • 
this Uberation ·ot: energy should not be"un:expected, since 
ozone itself de~omposes (whe~present 1n?111g11 eon~ent~ations) 

' . . . .• . ) ' -

t~ oxygen witn ·expiosive v1olende. 
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Ozonization 2!. Concentrated , 1Hkali Solutions 

. . ·~: . ' . ' ' ' .. 

As was atated~ previously, pasaage of Qzon~.:;:o.ontaini-'18 . 
: . . . ;:', .. , . ' ,, _;:_ ;·'•· ·: . ' ' •' ,:;, ... · . . . · ... '. \ ' : . ' 

oxygen into oonoentrat,ecl (12 . .m) solutioni of. pbta.ssJwn 
· .. . _: ... ::_:.:,> ·.' -:::'\\;',\·/:::_:_\, , ··'·}.:::--...·.·:• ·: <. •. ::_ 

.hydroxide , ( and . cc.,si um '.bYcl r?X+~e) . r .es ttlts· ;j_1t, ~he '. i'or,nation. 
of ·a yellti;/Y6ofor · if ... the . temperatur.e . of i~~;~:• '.rt3JQif6~,/'.is'. ltept . 

belqw •35°0 • (Sodium hY.d l'OXide do e's . no'~\sho~ Jfbi 8 b~ha;iorlJ~ 
·.:~·. . '· ., . ,-- :_,. . ·: -·-:\ ·1·•:,:.'?'. '': .· -_:' ' . ; ;_::-;',>,.. •: - . , . . ' . : \_. . .-. 

rr111s yellow colrir, is ,Preawnably due to the· foi-m;tion of the 

::: t:::,,i;;~;:~::tn::::t::rt::: ·:i~~:~;;:;;:;;. 
made by taking magnet~o measµ.rementa on/ them at •low .temper!"" . , . ,- : ... / ·_<··r: . = ' . - . .- ·. _, -~ ·' 

atures (.35°to, .,:;o0 c) •. 
. · _ . _ ., _ . _ . :,· , -i .' / ,.::':' .-• . • . ·:··· _ ! _ ·1 Sinoe the Qolor of .the .potasa1um ~9,lu.tlona ;disappeare<i 

when the temperature ~~ose abo,v,,e .35°0 .• . {ti:~aS; necess~ry ·~ . 

devise a scheme for · ozone.ting th~ solu.tf6_il~ aOt :tlle required . 
' ·--... ··· ,, .. ~- .)<:(, ;·--··,:· , . . , . · . . :•. ·:· ·: .- !_:·- :' ;• 

low temperatures and Obtaining magnetic ,fu~aaurements without ,· . . ''?/,... '· . ; ,' . . ,• 

permi tt1ng .. the temperature to rise abovl }this v-alue ·at · any 
,,·:·•,:, • , ' . . ,'. ; .. 

time. In order to accomplish this purpoee~ it\vas ·neoesse.r1 

to so adjust the magnetic balanc,e ,'that , 1\t ~ou1d/: be usecl .i.for . .. ' . '' . . . ' ' '. ·,. _ . .... ; . .. : •,· ' -, ._,_, >.· ' .. ·_ .. - ...... . .. 

low temperature measurements.<· This .was acoom.pliehed ,bf ., 
' ' . . ,-. . , 

separat1ngt thEf•pole pieces .of' . the .~gnet '\~o thai iiiall::/~ri~il• 
vered Dewar flask o:r approxi~tely 60 Irunr o.n •. ~ould: bf:1 . 
placed • bet'fleen them. A olamp (of a non~magne1'i,(t Jl!a.te,rial) 

.;.,_:.{•-·._."; 

was fastened to a brass : rod ~·xtending v~~.tic,al:ty: thro~h the 
' . . ,,.··_-.,;-_,··:,' ··-

supporting table,: and so., arranged that i .t : held in ~: ·vertical. . 
-; · , 

position a ' :Pyrex re.strainin~ tube (.open· at t.b.Et top . en~~ wn.~Q.b. 
' dipped into the l)ewar. flask. 1'l'his 'tuber which was about 

. i ·.·, ··\ 
1_'·, . .-:;_·•: 



the ba~anee · pan ... tQ· a point about mvo in~hes, bel.~w: the 
· r , ~- ,' •.-, i•/·, ;_:1 ;,-.-a"~•_ , . .. , ,~·. ,, •.• - •, ... • • , i ' -,,.<.>· :- ~· _,- /,' •:_•·, · ·· •-'·•· ·· ·····,_ •.::;;_ ·· · · 

i1eate, 9f .. tt\e .. ~~,,µ~ tl-eld, When C18DJi/~ 1d:ii ve;-t11'1\l. 

···1;::i~;::Jt ::~·· •::t~:t:: :;:j~itst:ti,;~ir 
pended ,.trom ,th~.\ba.lanoe pan) Jfo ha.ng tr~$l.Y: . bet,~~en the pole.,: 

' . I/ , _, , ) _ .' · • _ t , . ' '· ·.,·. C1 : ;·; ·. , , i -, .. • . . · •.. , ._ ,.· ' , '. _, :: . ·· , _, ·-,. _, - _' . '.'_, _;. -.,., ,., •; :_:· _, •; · ;: ' , ; ' ' _ ·, •_;_'',;: r •: : ," , _ ... . 
I •_•;,,-, < • ' • ; .-;,, , 

~tecee pt ,t4e 111ag1Ie~ foeide i~e. eeCllill~f ,witll?tt\; 
tou~~g ~e. p~+in; bl>~. ~tseit: Sine·: 1;~~~ o~ar na~k was 
Wl$il. ,~re0/11;i; ,1)ibserver op:~d .l~adilY i;;; 1ntoii1hei•eµ&"'., 
p¢~ded ).~3,ghfi,g t~be dnr~~g the cpU,,s~ .~;\~/ma;etfe . .. 

, m~:~Ju;e~~nt. · .. ; ·h~ · D~~r ~lask wa~· m~rei"~i·il l6tt~~a·· ~o .stand· 
> • •· .. ··,. .,•· · .. ·. ·;.:::: ,, ,·;,·· ·'.' . ··'< . . · :·, . ,, .,:d}':\:/;.:, c::> .. :,- · ·· 
on tbe f:loor ot ., tn.e mf4gt.1.et., since. it, . Wi!;ttf tauttielently long 

i " · •' , ·. : ', .·· ~. _i ·•:: ,. , :,;.,_, :' - .·. .. • ' , . ,. ' , · ' ., ·, . .. ·,• , . : . ' ·• ' ''.- :,·._,:-\,\i,: ,:, ;,< i .' '( i-,.' . . 

i·tQ exte~ci , betw~en ·. the , poi~ •. pleoes. , :to : ._ -#~;g11t/~:~oµt J in. • 
. .. _ . . ·_ - ~-"- '• .··· -- •'-.· ::::->.'(:_:_·· . : '' _ :- '. i· _,-_: ·'-•'"_ • ''•.·. >" .•,•._._ .- , , __ -:·, ::;:-·\7(:~:{:\_:(·,_:·•( ·i: '::<::/}. \ ' ... '.;· ·,, _:.::-:. ·· ·.·_ . ·: 

above the Qent$r ,Of the magnetic t;el<i.,trThe., cabinet which . 

~~~ort~q,. ~\' pia;~tii; --~~ ~o}•~~t the, .. · 
atmospher~l•,;.~ ,CwnJ oh; the .meaatirern~l'its ., w~kJ• to ber~:.t ·alteit d()uld. 

b~· , k~Pt --~elati;kty . tree of Jl\Ol~ ~u~e' by :. zn~k~ .. or ::eo11•tainar.s . 
• • • • ·' .'' ' . • • . ... / , ; , l • '·, , ;!'• ·. . ,·' •' . . 

ot (lenydrati.ng .~sen,~:· &\ioh aa qa.lci~ :,<,h~ci;l.de.IetJ .•. u inl$ .. :• 
w.as : ~e~e~~a~y. in .'.9~~~, to .J#~i~!z~ . th~ .. aihiJ~t'; o't -moiat~e ,' ... 

... . ·,: : _ i·: ' ._;:/'.'\,'.·'·.r,- -., __ :>;::/·.\•··_. ·_•::\ :.·.:•:•~>·.:-~·-::'/, .. :: ·.:. ·i _:- . .- '. --: ,"·,." . ..---.,/.\. ' '<)•:'.:__-:·::--:· .. ,_.· .. , .: , . <'•·· ;, . . · :-: 

conclenaing on .t.b.e weighing , tu.be 'during the couraEf of a.' 
·. . ,. : ,;, •,. . · ; . '. , . . : \ _' ,, ,' ·.;:..,'. •;._.: .' - ; _.. - . .. ' '• . _,.,.; _. ,.. . ! . ' '. ," ·_ -·.- ' : . ---.- .·. -:, , . . . 

weighing ~t .. low temperat;es .• · 
.. , ·• ' -· • ' . . . ' ·· . ' . ,, .. • <· . , ; 

hutnidity 1ih.¥1t .wo~ld J)revail ·during . masn•~~fc mea~uremen•t .f:l . of ·: 
. ', '/ . :.... . · .. -.,;.,_' , . ,. ·, .. , . . . ;· · . , :·.·, -, .: -; : ·,. · •' .' . . ' , 

the oz~nated solutions,. This i wa.a neeessa~,v. , so that the .g.airi. 
, , -,-: .' ·, ,.' • . . .-,: :,_ .· . ··,. ,' • ·-ii' : - t "'~ ·.i _. •. _• ;.: ;·· _· ,- · -.', '., • •. • ·, a., '.•_ " · .,'."·; ' · ' · · , , . . ··, .-,_··.:;·,·) ···.: . _, ·;_ . . · .- ." . ·: . 1 . . ;,: . 

in we1gb.t due .to condensed water · vapPr :WCJtild no,t , constitute . 
• ' .,. ' . ' . _ J ;..' ,; . ' _,:, ; ·-' ' -· ' ' · ' ' ·• . ' • . • . ·• : . ' . i '· ,'... ' ·, \ ' .-.... ' . : . ; ;· .. , •' ' .' ' ' ·. . ·: 

an e~r.or during susceptibility det~rminations. .In addition, 
.,... '··/. ,." ·. : " ; . . i· . ·',.· ,' ._ . ,. ·, . ..·;_..· .... ' 1 · .,: .·· '- _:·. •·' ' •· ,-. ;.•_. ' , . -. . ' 

. susc~p.tib1il,i,ty . mea~ureme,n.ts, on.: 12 ,.tn , potassium hydroxide : 
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solution• saturated with. oxygeni were made ti.nd.~}t t.b.e "aam.e 

c, ondltio:ns ~,' 
,' Sinoec1~1am~gne tistn is ''sup posedl.V 'tei#P~ra tut$•lndep~den t, 

. . . ' ' ' . . ' . . . 

the calibration 'of 'field . etr~.ngth was' de:'t;rlili.naff by' Vletgh• 
ing the tube filled with watei at;' toom,:·i~1lra~hre~· 'rhe . 

, ·, , , -.' -'>: ·.· 

Dew~r ·vess·~1. till.ad w.1 tti cellos6iv~. ··,aAa)·the'· restra.1hing ' 
. ' ' ' :- ,, , ·,··- .. :'..i _· :• :: '::: ·\(. ' . ' . <" : ' ., 

' tub~ were also ·1.h positi'on ·so · that ' expJ'rlm~htai '·o&nai tions ' 
. .• ''.· •·· k :: { .' , . ' 

migh ~ ' be simul~ta<h ,; \Vh~ ', the ' fi,eld ' s 'trit~~h and bo'tti 'the ' 
.- ·,· ./ .:_ · .. _ .. :~·,)/:::-:_r{'._·:r ·._c . . _·, ·'-.(~:· c:,: ' _:: :·, 

weight · 'and ti iv of' the empty tube had been.,;; d,ei,erm1.ned,' the 
' . . . . . . ' ' . 

entire cooling a~parat~s wa~ trarisferre~·•x~,o the · n'ood for . u'se 
i.li the ozonization reaction. 

The weighing tube (22 .mm~' 'o,m.) . w~.~//theh. filled with 12. lfi, 

potassium, hyd.r'oxide solution ··end pl.aced iti ' the ,:rest±-ainin~ 
tube Vlbi ~11 ,re st~'d. 1~ the cooling bath ..:,:;(jQcl: '' ; ,· ozone;. ' 
containing o:xyge.11 was :· slowly b~bb:ted 'through ' the 'soiutio.a.··by 
mean's of a small '() inm. o.·11.J: P}rex tub;ilih~il:i ,':defihittit . 

' . :~- .· ·.: . ·. . : 

'· ,. ' •f __ ·, . . ,· . , , :.".'· ' · ' . . ,- · · .. ,_\ :' _•. · , ,· .-;. .::. -_:: ·' .~ , •· ;' • : ~. ::/,_: . ..:' ·,' ' •·'· . _: ... ,' ,; yelloYv color was imparted to the solu.tlon:'. " Tbe( bµbbl1ng· 
.·. (:i):-t:' :c':"i<\'. ' ' ·. ' ' .. ' .· '' ' ·· . . : ' '. :' ' ' •' ,{)t:/::-,, c;.;!:, : ·.·: ; 

tube was the·n· removed, ' the ·. cap placed 011·:tlie'': 'Wetgning tube, 
. . ' ' ' . . ' ·· .. ;.: . ,,;- _::_' ; , ; .• 

and the entire ensemble ' transferred 'to 'th~ ':rnagde'tf&.' bilanee. 
The aoiution-fllled weighing" t~be' was' su~~~nd~ci 'from ' the 

' -. ·-~ ·,• .. , .-_, . ~. 

balance pan. th~ ·restra1rifng ' tube '' cl,anlPE)d<into 'poaitfon'~ •. Md . 
', the magnetio maasur~menta ~tiiokly' ta!ten' :i:;fore ;,t~ . Yei10-. 
coio~ ;aded> At no time ' was ·tti(/ soI~tiShir11led''~eighirtg' 
tube permitted : to' leav'e ', the· confines bt 'ine restr~inink'' ttibe, 

' . : . . ' •·. ~- . . ' . 

VJhioh was suspended. 1n the ·cobii11g;, bath( ' '·s:tnde\ the l>ev/~' , 

flask was unsllvered. the' 'coior Of the s6l~tiori could be ridted. 
< ._ ·1'.: . "! ; '; ,, ->· .. ·_-'.::}/ .··.- ' ',: '_'./ ' ··:·:·'.·_·! i • ' . ; . , 

throughout all operations. A ·thermdmeter,. whioh ·was placed · 



Ta~J.e .•'Vt~(. ~i.Hf e tic Data .·.oa,···°;~nated ·~~l~tio~s 
,fDen,si:ty : -~;f )poi~ssi~· byd~ox1de .:~-s~lti-~lons ·= ,:i~,26~ . g./nu· •. · 

. ·_., ,.: . ·, . . •, .,. ·" ., ·• :.• ·l ',··:· . · , . . • ;· .,• , · . ' . • . .. ; . · , ·, . ·. ,,: • ,;,:- ,; : ,: ,::, , ' \ i:::.:./ •'. ··•, '. .·•: .. ", ,, \,,. ·' , .. , 

·.·. .·· . tr . <. . . ·.· .. . ·. . .. > ·... ·.. , .· ... .. ( .. .• . ( k* < J* . l) Nqn.-ozaciatetlJ;c' unsatuia t~d with oxyg~Z1,\(~~0~ll;;;1•,r-()~~.aa h ;6§ . 
2) . Non .. ozQriatedr sa,t~ra\ed ,ti, th . o~ygenLtf $~00) st .. o ~·4$1 ttjsi 
,i li~n ... ~Jfa;~~·t\a~r~tfld vi~: ~~;i~n J#i~ett, ~:1:i~~;~tj4 ... ;,);~ . 
4) &z;nat~iCsbi ;ti;J;400; io Aw~or .. • .. ' ,c,,, , •·· .·. ':ifo~9 a. iO~jJ9 ' 

:,;) ·ozonated .. soiu-tfo.n (.~40'.0 ·to ••. -;o0a) }\~ti~o9; ~o.·cn; · 

.. ··it1·. iOA•,·· (~40° •.•.to .• · ~toto). ·.:,:.::•·:.•.·,li •. :.•:t,:.:_;.soo; .:·)·~····.i.·•.t .. i.'of.t ·.-.: .•00. ·.·.·.···.• ... ·.·.· .... ·.l .. l·.·.··•:_ 09· ... ·· ·. 
7) Oz~rilitf;/~i~t.oti ~.:~r•~O ~50°0)' .~ . 
~J:O~o~,-tad ~olu:'tlo~·.:f-4cW ·:· ·to ~,·q~q,J ,. h:~o.02.o : ,: .. o •. ot6::_ 
, ,, .·· . } . , , . :ft\;.,t:);:,.f;};?:J,\;( ' .· > : ·· .. -' : : : : . . < '.. i;,·r:/A/</::;,,:i\fi . . · · 

:9,l, .. (.lzcinat,'e~i: s~lq~on,, , ,.~49,o., ,t_O ,' '~SO~~r:· ,, .. o~l.41.'· .-;~0.111 · 
,, ' ' ' ' ·• / i ·r:~~- ... \, .. ::. . r' 

.. i<>> .. <>zonateu,: :.$~i~:~io.a::,.·t,•iid~:···:~ct:;~so0 ?>-:· _ ... c,;2.6; . · .. ~o•.goij_· 
l •. '.' , -· ,,, / .,; _.: _:\ .'.;:_.; - ::·: · • 

j;{;. ii½,i~~J:i··· .ti{ .iQ~·~I·~;~.J,~(~'?i;j:i~l;;~··.'.of .)('~r,.· ; 
'>;• I - .- ·'.- > : ~:.• ;:c-, . 1 _ :·, i ._·;· : • ; ·) - ·, 

Note// .. fh~ ' iae1{},>t .tli-ecia!.611/tn ti{ v~l~~t (4} • tni-oug}l ( ;o) . 
. is attributable :to ·.~ue ·· dltt.erence 'in ,,tlle):-::.'trtme .. ip.vol.veg> in the · 
· ya~i0.us .measur~m.ents<• :· .Since. ~he·: :yel.low<;ic,Ql.or :e·aded ·· slovtly: . . 
,: with.: tilnef-:: even -wh".tF·'.:rthe ', ,~empera~u-.re: JNas(J;ept •oon,s,tant,· ~;•·<:· , ·. · 
.· gre;at~-~ :-~~ ··~equi,p~:d .. tot.··!Jla,fgl1:e~io :me~isutflme:11,ts wou~d, permit ·. · 
· g~eater ~eoom~ost.tto.n :of · the ]>ara,;;nag11e~;·q(.ma ta.rial. · · 
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i, . . 

in the cooling .. bath• . proviq.ed temper~tu,:e read:Ettgfl'l:th.rough• 
. . . . . . . ' . ,' - ..;, . ' ' ' ' :-; ·, ' ' ·.·.~,:_., ; ' . . . ':_,_ : ,· 

out all op~ratihns; solid · carbon <liC>Xid; :was a.dil~(l tb . the · --:,;; , ·\' ·}\<'·-. -·. •. 
Dewar vesse; per1od1Qally ao , th~t the . t~p:~~atu~e . w~~- :ney-er . 
~llo~ed ' to ris~ kbove ,:, ... ~o0a'~ . 

. -:1,; i ,-.,·.; ; 

The voiume . su.saep~f bilities ,:tor seye.ti·/samples ot 
) -- _,_. - ;_.· - - -, :-' -·: - _--- - . _: .. ':_ .; --/\/?///\:t"·. . .:·:H' •. --~-'-,...- :·: - : -- -~-~ . 

potassiwn b.ydro:xide solution. (of the salti$ •, ooncentfation) . . ·.· ..... .. ... '' " : ' ' ' '; . : ,·,,' > i .. . . · -i;'t::%:}/: : . ,' ./: , •; ,>-. ' : 
Which had, bef:lb. . ozon.ated :at •40°j to •50'f Pi:.i{/ a:re ;inolude4.·. ln · 

' L . :· \;;?;},tt :·· . .•. ,;·, '>H{f ! i; 

Table VI. By divicl,1ng the~e valµea by t,,h,.~. ~·e,n~ity , o,f the 

solutions (1~265 g./ml~·).:· t~e · gr:am susd;~:itb~ii~tes ',were . 
. ._. , - :, !t~ , · -··\ ;1.<3 _ . .: .. :_ ,-' \ ·_; .: ... · :; , :·. -: .. : ··. :'. '."-. '''·. ,, · J·)~ -~ .. /;:<)·'-- .': - :'\ :__,_· _-_-· \·' -', · ! . ·'· .t ' , ,• .. ' , 

also determ$.nea..,' .AS a' standa1"9. .tor oompilrlao.n., 'the susoep-
tibill ty ·-~~~es . fqri pot;asitunhydro:tid<:,'.,;6lution'' ( 01' th~ ', 

- • • ~- - • . . • .\ ·.-· 1 ,:- • - -~ :_"•::;_'.:::.:?:r ·:· --= - · : ; • -~ " ; ' . : • • 

seme ooncentratio,nl, which hSi!" been ~st~~\ed } Vi.Jh/ fiXfBBll ' 
u~der! 'the ~ame 'conditi~ns :··are also , s~,o~~L .. Th~ al.'1ittle 

' . -' • ,., • .. · ,... . ·.!' ,. 

,to establish the nature of '. the yellow ·~up.stance <in , soluti9n, 
. . • . ' ' : : ·' . -_ c' _· :. · :· _. '·. . ·. _:_. : ·-: .· ·; .. ' ( ' · . . : . ::: . - ·.\ · .. "i ' ,. : · :' : • ;:, ·; _; \ ·::' , ·-;~ ' ·{' , -, : 

but they do indicate that a paramagnetic. substance .must be 
present. Weisa13 ·has · suggested ttiat t~e .yeliow/su~sta~oe .is 

·-. ' ( '. . . ,. ·, )i ": ~' : ·, --·,_ "/ ~; i ... •• : •• 
, • . )~; . - -~ ! : ·· - .::;:·· l 

.potassi wn s·uperoxide. However, the data ln th~:>:tpllowing 
. - ·- ; . •"i : . -~' · . . :, . ' :,; ' ' . ·, . ,' . 

s'ection would Jeem .: toirefute thiahypothests •. 
.. , . __ ····:)f{:J;\{/ :\( ,-.:/~~H\;· .· _ -.:,_ ... ; .' -_ ···:-. .: ,. _- _ ./;.':, _· __ - _~_:· .. -,._ . ___ · . :_, .. _ ·-:·· 

Stabi1i tt of . :Potassium. Supero:xide ... in Allcali.ile Solution • 

It . Yieias (s . ~ypothesis~ .that . the -yeii~w ' ~oii~ ot· -th~ 
• • ', "· , " ' . • , {, ~, . . : ,: /·• ' , i, , ·• ·. < I : · ' , " ,·( '. : • / , ,. •. • , . . \ 

. • ' , . . , . . ·••·, , . . . . , . i .· . . l 

ozona ta.cl po,tassium h9dro11de ~~lu,tions is. potassium super- . 
'), ·'>· ' . · ,; : .<<'·. '' . . i. '.\ .. :· : i •·• .··· , · _·, \t: : ( · '< /: . .•. ' 

oxide, is co·rrect; , then. the superox1de .ion m.ust :be ·.·aom.ewnat . 
'' •,· '; . ' . . ; . . .. -. -· ,,,· . . .• -. ·:· _; ' . . .- _..,,:·i -=: -\\.', · /"-::•\ . i:_:'( · ' \: _:,, , .-... .\, , "' . ~- . 

stable i.o. strongly alkaline solutio.n at · low .'.tempe.raturea. · .. 4:f' 
·_· ; .·.• . :·,; ·_'· ·> ' '.< .' ·e,::: ,,, .. . , < .. > . : ..... ' •·\ _'. ' ' / ) -·.··, 
f3Uperoxide . ion is st able in strongly ~kal.ine ,-medium\,t low . 

tempera turea, additio~ o; :s~:~h -~ aol~~{•Jii to :,,~o~ii ~u;e~~xi~~ 
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a~ ' ... 40° .to ', .,.5Q'?Q shpllld , not result ih complete decotnposi tion 
ot' ·the' ~u.~lroxid·e~i 'A~ . att~pt 'to · eitlt: r, ·~o·r1t));;~~•\ q~~pr~ve ' 

>':·. ·: :-:·- ·· ... _:·.'· :, I ,_:.-:/•,:>:••.::Jf .. /: \,.;,-:\. .. _..__. : .. •_ '· >,,• -~ - '., > _• :I <('/(:,)r:::<.:::• .. / _:))/.--\ ·:•:, ' . . . : ' , ' 
·tnte hypQth~sia was made by addl.ng coµceptrated· .. pota;s$ium. 

bydro~ide ~01u(i~n· t6 ·wei~ed ·s~pl~~ oi ';~ta~Jf~ :~up~r~ 
· .. _. ···• , • ,\··. · · · <' f ,) _.··: •> -· ·· {!'}) r,i< . . t·,.· . : . : .• . . 

o:xidcf ·at lqw ·,tem,peratures,, ·a11d·;;nieasutin€( (;~p'.e · ev.'o1\tt1o.n :' o.f . 
'oxygen. ,', 

. A· ila~ia g~}~tas S 1: at1r:roi~dil !ii ~~¥ iiillt: t ~ityJ, . 
VI~ We!ghel\ . Olt an· !lllalrtille3, i bal(ilioa !lll,1~1/lce~ tll i *.easel 
t~r at t:'0hfog tt; !!ll all,.iy t1c81c apPar~ tui',~; ~Q~~~, ~o., ttu, 

i>ll& shown j_ll' J1i/ :t'{, ( Ill t111"1 i)i$il, · !lii~~Yer , ' the, del!OII.; . 
position: qe11 ,.was,: .. so ~on~truc~~d i'tha t th:i/I~n tire·· e~li ··"-· 

. . ,:.. , . . - - . . . . -.· '. -./:-;•'U--~ ·.:>·. . - - - ·. 

in~J.frq.1 .. ~ts the ·dee~mpoaant jr~~ii:rvoit- -' ~. ·ohd'.l.d be thermo• · '' ' ' .- · ... ' . ' ,, ) '. . '.· ' ·. . ' ' ': ' 'i ; ' . ' \'';).• ' 'i .• ' ' ,' 
·etattedat •50()0, .o~ ·lowerj ln··a- ieJ.•ge.·nex1ar flask~) The 
ve$ael was atta\1liea · t~·-· tn~ ••;~ema!ride#· .of·'tJ<i appa:r~tus ·and 

' > • ' ., 

held' in p_J.eee hy me ens of rub'be'x,\, b i:Ulds • .:;,:',Ten. ml. o't ,11 · m ' 
;' ·' ! . ' . ; 

potass iwn hydrptide. solutio.t;i were addacl .to . the deQom:poaant . 
' · . · • . . , . . . : ·., , : . . ·. . , . . . , ·, ' _.r - ·,_' ;.' . •. · .• 

reSerVllii- ~<1 botli th.e deCODJ}ioe!lnt and' Ettl)i81'oiille vie~e tiierDIO• ·• • 
:sta:tt·e~ • at:·,.,0°· .to .~50°0:~ ' ,J.n, ~rder to mi~iMze 'a~y :,aeobmposit1~~ 

.... . . ' > _ .,-, •• · .:- • ; , • ,,' • ' • • , . :' . ·,, ::; , · • ••• , ,·· : 

due ~o local. ·. n'ea·~~n.g;;: .Wne.n :.t.tir;F ~~stem . had l'~(;lcped , thermal 
:e4u1i1.b~iu.ni, the 8'olution· .,,as·· ~.ad.ed -to'.the ·aeoo:iliposition 

. ' .. ...... , ' ' . ' ,'; ' .. ,~ chamber throusf1. . the 8 topeo~k sep'a.tating ., the tvto. chambers, . . . ' . ' . . . . ,. 

-~a. the "Olwne o:i/ o~yge,r,t e~-PlVed ;Wa~: :meashf~d. · 4ue 'flCOount 
, __ , '. _ __ ·-',, J_ . ':-, .:" ·:, :_-'f . ' - . '~: _,. : · .... 1 _ .· .. '."( . - /, -· .::-;:,, '· .. :: :_\:.'/i\:, l , 

fo~ the volume· clue to the dee anpof3ant . being• tatt~n.· :F;ro1n: this 
' \ . , 

volume end the weight oti:i the ·supe.t"e>J'ide 's~rnple; the volume . 
' . ~· -. . . ' ', ' .. :·. ·. . ' 

' ' 

sample ·oaloulati on :rollow$ :. 



. t~mperature of decompositl6n cell = · .. 45oo · 
. tempe~attire , ot .· t>urette · =f 30.0°-c, \ . 
pressure . (<oOrrec1'eoJ · . = 725 mm. 

•· weight of s·uperoxide . _.· · i:.1 , 0~·0570 g~ 
' volume :of oxygen' li.beratecL .. = · 14~80 .ml~ 

volume:·.·o:t' oxygen , at STP ::'•'. ··• ·· , .= 12.73 m1. · 
. volume<ot oxygen (STP} per· grfun, =· 22·~ ml../g. 

. . Th8 re'sU1ii{~t f°"ur s~~h' ae~,rfuini::i~iJf ;~~·J in 
Table VII. 'l'he· potassium superoxide ,used!i/in these · experi.-. : ·' - . . . ·,---. ·r . .-,,·.; .. : -·: -· ,._ ... _· ·, , 

llients was . f6unf to give up 2:,~, ml~' o~.vii~.ri '~~~ :;g~~ ~'t . 
. · ... ·, ·• ·. ' • ·_ ,_; ''; . ·i '.··'. '·: ···-.. . ·' ,\°__._ ·it-:>\ _. './\'/.->_·:,_,• '' .. •; ., _ .. :<,·:: .. •: . -j" . ·\\ ·.: .. . -:,-material . upon complete decomposition. ' ·Tn.e values . shown ··1n·· 
Table 'vrf can . acar,oely b~ 'attfib~t,,d. tci:··1~i;t1ilri~ )~the~ . 

l) : 0.0:369 g. 

2) ,. 0.0570 g •. 

;;l ·o~oa1f s~ 
.. ·s ,., " · , ,, 

.4) 0~1395 g. 

i . .. ·,. ' • . . ·' 

, Table . V:tI .· .· . . . . i ' . 

... -4s6c 
·-45~0 
·-4s0o 
.-4~oc · 

· .. vof. ·,62~ (Sfl:I') '.: 
. . . , , 4aUs;t ' 

· ·_'s .• 1, m1~< 

. · i'z.1, mi~•-
. . ';_ . . ·,t 

.. -14. 20 ' .• 
\ .. , _.'!-. ; ;~·,' . ., ,-; ; : .. •,/; ,: 

vp'i', 106ig. ·: (srrpl* 
·: -~ _-,.-,.:. ·t· , : .·J_· ··'-.: ,,' :·~ ':· ., _: _· 

2~6ml.. 

22,fm1 .• 
17~ i{~; 

' .. , .' · .. ··'·,•··· ; 

·. 2)6 : .. ~. · 

. ,· _- :! , ;-• · · _· _1 ·::: ,_\/}'./- . . •' _ , _. , _ : ' • . '•-: ' ,:· , ; ·.,::: \ \:' f,-/:.·.'.-\: . ' , }/\ ;i . . , '. _ , _ ·. - .. 
·· *Complete . decornposit~pn of ,, the , pott;isslu.m:/·:ElµperotJ.,d.e ut~lii~d 
in the~e stµdles ·gave 2)7 ml.~ ()2 . (S~ll'~-~;.:}'. One ·:'iram .:;pr pqre·· 
potas t:11.um f,n;peroxide wou,lct give 15S ,ml·.·:;,,:.P2i ( STP.J/g. upC>n: · · 
deeompositton to .potassium peroxide. ·. .. .. · · · 

, . - .·· . . ' ' : . 

, ;,-, . . . 
' ' ' ' i,. 

t;hab. decomi3 0s1'tioli Of the auperoxide~· •.:,'.iE.Ven . .' th~{(#alu:er o.t , . 
. . -:_ . . . .. ~i -((,:-_::?'-;,'.::;/,,::(~? --·· ·.. -• . ·, .. · .• ... : ··. . ' . '<).~.\~·\\ . , 1 :\t_<:·_..:: ',"•' ".'> ·<:· ··. ~-
17;.: ml./s~.·'is .much grea•ter th:a,n t~e ,_.volilin'$ ,Of <>%.,Ygen, wh,fch . 

• ' ' . • - ·' i • .· • ' •. ',' ; ·- ·'- ' .• - ;_. , · ,. • • . • • • 

would .. be e.voiyed. when . 9,ll,e .,'gr~ . 01l 'pot as si~ auperoxi~e ; d,¢CH)rn-: 
~(Htee . ~o. p:o~a~~f~ pe~oJticle,·;· .F,~t-tb;e~znof~}:it;eidrolu~i~ns · . · 

• ' : • • • > • \-,. • '.- -:- •.• ( . .• •• : , • • ' . ' ' · ' . _ ' , · .•. • • ·: •• ·, • / : :'·.·.'1' " ·.:. ,,· . . • · ' , , 

.remai.nine; in> tbe decom.posi,tion *hamber; werir tested with· ; . . . , . ·: ' ·_. ,_ ·':_./··-- ·.. . ·., ' . .' ,.·. . ·. ·. ,· .· ; . ' 



124~ · 
~oldii'ied ,potassium . iodide ~orutio,ri 'within 2o·•n4.ti\ltes 

''.:' '' ' ,. . ;, ., ·, .. <.11 ._"•,·f., · \ 1 \ 

ai'te~, decomposition and', ,;iri ·e,very oa.se~ no liberat1o.o.· ot 
; ·.. , .< :, ··: < ;' ' ,'','" ;\;''., ' '1,:' ,·,,,.;,;><:, : ' \)>,' ,,', ·· 
iodine was•\.nbte(f.,, ·. !;ro,ni •.:these , obser'latloi)a •. O.UEf '>Can 

t . . __ , :. _;: ·._: -. :' .: .:---·- '. :_'!'. .:~---/·f;.._-://·_:_: .,, ,'.,./ · ·_:; •· (:>'. ·<·:.:, , _· i •.·::·::-' . . .. -_._-:':, . : .. _ .. . __ _ ._. (:)··./}<·-}-~i.: <<:·-... •_.f _.· __ :?fY:·\;' __ . .. 
·oon:clude ·· tbat .potassium superoxide., · :and/ ?-lso ' th.e: pero:xi.de·~ .. 
' . < "< : ; ' ' :: . i ; { : ' ,/ ' ' ' . ' ' . '.: ,, ' ' /,.:<, : \ <> ' ' ' i :; i: 

··are · not s·t~bJ.e·J ri oor1oent'rated potaeai'wn.rnydro~ide solution. 
'even \ at . 't,J;'!•:tt;~:re~ '')as' 'low·' ~a·.· •49~ti~ '. td~!>~hat·'!W!'r:';'f~i~-·: 

·: _ _ :: : .; _·_'.·.-: i >·:· ... ,-,; . . < -··.:. ·.,_,- . : <-.. _ ._ , : ··: i . _ >~ :· \' . ··:>- r 1 )\?;tX·>?-.,_ ·:r-F·' . ,</\:~\-;~_\: ·:.,:)'./·_·,._.. 
nypothesis'• co.nder.niri.g. the natu~a. of oz9Il'l;)i~eci J>O~a.~s.iu.ai 
.: .-_. ,-'i·?. 1_.i. :---\_.-: _~>< .. ::-. --:: ··:~i·::.· .. -.': ··\; ~- .·· ··: .' ,/ ··:/:,<'·.··,::.-~· ;_;-_'.'· _ ! __ :·_-:/•(;(}/({:<?:::';.,~;.'_;,:·~'..)/ ·•;::• . 
hydroude••'solutiona 'is extremely qUes,tiOlt~b.lf>'• / 

ozon1za~~.o~ ~ ;~~di:1'; . ·. . 
· Vrrey · i1 tti, work was done ,, on· the oiz.o.n1.zi;tion ot . 

' .. . ' . . ' : ',,. ' 't!'i?)'.•?'\' ( '(;ii . ··•.· ; : '. ' ,. . '. . : ·,. ' ' <( .. ' ·;\{{:.:; . ,' ti:f;!?:'i'f:;/(;/1,1: '' : ' ' 
pero:x.id.es, .Ob.ly .ttualitati'1'El obse.rvatlor,>..~\'on thi._s subject 
- < ·. ,:·•: ·}·_:'.,' . ,~- -~ .. -\:·_'_::\_.:( -.' .: :'?,; ·. :., _f_- · > ;" ._·;,_ ;··:.:: --·.·) \ ·.t '{.:_::;-: : .. '.\ . \·?.' . , ). -~~:>}:/{1.'./,\:t:~ :· :;:_· / _ : .. _.\-::,·-·:~· ..... , 

hava been .noted,:, wltn 49 qua.tl.titative 1.nt~attgations 
' '' ' . ', . . > : ,,: ,: / ' . ' ' : ., .· : ; . : //'· '/ ', ;' \ ·. : -~irtg' rilaae·. ;-1i~~v·er,, it has 'b~~n: ·obs'e:z.:r.~4.t:\i,~t ,,n~n ·uzone~ 

• .. -• . , ·:- ' . ~., _ ·' r .. :, -. "i_:••·_"-,/\~/t .· •~• \" ' • •~ 'f: '•i.• . .-_:::. '•::•;'/ ~:. :•, ::,_•_, .• -~•::•~ ;.: ·"•: ·.:.1_· ,•,• :-~••:·:_;,;l~-://{<r~i_, . ··•<•.<.','.::.··;_•:::,' .. _·; ~• :·' > :· 
cont~ning ·oxygen w~s passed 'tnrot:1'gh sodium Pex-oxide at1 

, : ,'
0 

•:: : · . - · • ' • • : :~; ~ .:- i ,.\: ".:i _:·.: ' ", , .. ; . - • ..:,:, :, : .. -,. ~·_; ___ , ._ , '.;, ••,·;, _.;.)_:. '.; • •:, _. ·· :. ·, ; . . ,_ -. , ._ • 

,:-oom, t _em.per~ture<.-for 'severs; hbur::r-,'•> Et. Q~,ri'.s~qe~able portion 
'_ ; ,: '' . . -:'"; .-.- -.-. __ J•:/·:-i , ,.,/ _:,: ·.• .: ·. ~' " _·· .: ·.·. ,.._'• ·_-:-: .. ··:_; :, _:.j >-:(.i {\'._.:_-:\Y.\; ... :.:•y·, .. _' ·' '. ·· .· . _-L: I_ • J 

ot ··t,ne . peroiil\e ,was' colored a definite cu.-enge. The color 
'•_.·, __ . ·.··:·' ·!.:·;o::- >i", ,,' .'. ::: , ::-.t ·<·: , ' ,' . .' '·.;'•:.· ' ·, ,' ,:·~•· :', .. ~_ .. ·:· '·:_· ' . '··:· .:·,'.>}\\:.·>_-, ·: ~.:. _/·,:-·--.. ·: . 
ogul(l· co~oe'ivabljf be due .• te ·a ret3.ctipn .b~:tween ozqne and 

~;droxi'd~-ilttpuriti'e~ ·-'l~ ·th~ -:~~roiide{ .·~i~hohgh ths '· ~xt~nt ' 
' ' ' .• '·. '. '. .. / . ,, > ·• ,, . '. :'' -. · ' ' " . ·:.: ·-:·> ; : ·•.·. . ' ' ' '• ' ' 

of the, 017ange color would ' see.in to · indioa~e . t hat· th~~ - is not , 
,::,, \ '·.:_it __ ' -' ·>:.:: _ _ . . .. -',:.\ : . ' _:- ' . .. •_· ··_·,,,· .. . ·. ·,_:·. ' _.-1' -:' ;··_·;_::-r:.t ·' ';' '··<· _:_ .\_. _, \ ,; ::. j ' ·_1_ ·· . .-:,_ , . _" ' -~ 

the case~ · ',No evidence is available ,whioh:.:would indicate . that 
. ' ; , ·1 · . • ·-''{ , . • · .• :, ::, ) ', ' ' ' ·.: . . ;" >. 

··. . . . ;·•, ,,_-.. ·- ' '/:" ; ' ·-.' . '• : ' . ' ., ' _·:< . ·-. ·.. . ' ' , ' ' . : . -'_.- ·<:·:':_: ·<_1_;- ,' . · .. " . . :·.-_. : : :_ ·<_: .. . - '.• ' a: .l"eEioti~n doaa not ' takEi, pli;.oe bEi'tween ozqhe;''an<l 'peroxide~ 
., .. ., :. .• •· ' 1 · , • "1' \ ·'.-- i .,:-.: ··.•. ; -· ,_", :- , ' .· 

• .. • ,'• 1 I • •• °' , , , , •_: • • ,• . • •_' ;•: • ... •· ,' ~, ;• , . ,, 1' , > ,,•). ', .. •. ,' :•: ' '!_ ,, , •:, . • : 
Js was no:ted ln · the ozoru.zati'on studies :9f the hydroxides* 

. ' i~ .. ·' : ·. '• 

.nb re~¢t1bn betwe'en ·ozo~e 4.0.d the' .p~roxide, sampia:s took ' 
pla~e ut1de~ strictly an.tiydrciu~ co~~i~i;n~': · -· . 

. . ,· ' . . !; ' 



When a stream ot ozone--bearitlg oxygen : was :passed 
' . · ; . ' . ' ·;; · .. ,, ; .. ::,· :: ,: "/ . 

th.rough barium peroxide . at room: , tem.peratt1re .1'or $everal 
• _- . ¥ ' . · , , . _ .... _ : ·., · '- · • • • ~ ::,• ;: · • • • • -: ~ • • :.1·. . ·:· ._, ·' ':;. ,;'_ ·_· .···\:.·::·:·'.,:::/ ::_:·.~,.-.'._ -·,~: · .... /:r> '_ .. ' ':,._, · :.,:••< 

-tiours ., --a .lignt ·· ormiri: -color waalmparted ,to : the. peroxide •. 

Thi!¼ ob~e .4 . 9J1oration was nOt i.ieat1)~~t;wall.qµi1;e · 
evid~nt w~~n .tn~\eolo; o;; tn~"Pz·o~at~<l ,J;{'~iii~iae/~a~ ' com ... , - , . . - - - " . --_ . . . . -. . _-_ -- . .· ·• . /-:;Ht:.: . . ·<· . < > . 

pared with that of the strat.tng .ma~el".ia!~_'i\ Again, no 
._ .... -· . ' _.• . . ' . ' ·• '· .· , . ---~. ··--: _·:",:. , :_:.·,. :·<//_:_ .. ,,<,'_: __ .,:.,>·, ' ·., > - , ,· , ' ' 

, .. , ' . - ·.· . , ._ ' . . . -.' 

quantitative work was d.cine on. this cornpou:.nl!h .. However, .. · . ' .· , . ; ·,'..: -:/::,:/·::·;-.. ' ', ·, ."\ . , . : ,: ( . 
magnetic· mea.surements were taken. on. sain~i~s· of ozonated 

,, : · · < • .·,,' i .·•·•., , -, ; 1 . i ,. , ,. ,, • '•: ,: •, .;, . I ;:',.:J ,'; '. . .": ·'. ' 

sodi'U!ll aua' bariwu peroxides .. .!n every ·{&~~·J.· th;·:ibzona·tied 
., . , : '. ·, -~ .. . . .,. ~\:r/ .1.:i.'.. "' '.:','- . . :.i·\,.:1 ;, -. ·;.· 

peroxides w'e1•e ,ap:preeie.bly '_less di_apiagnetio1 th~ll the 
. .. ,. . ' .;,_:. 

-- -·_, , : 

start~ng . m.ijteria~~; , in_ some ca~ea they were actually -. P.ara .... 

magnetic • .. 



Summari 
Ozone;treated. sdo.iunt b,ydl'Ol'.ide ocuitaihff a 'yellow ; 

. · . , ·. .l ' > , ' . , ' \ ' \: \ ,'.} :','; ·', ;>'.c: , ·,· ' , . : /\\( • [; . '; . ' ··.·· 
mate~:L~l . whictl ·' i •s not· soluble iri liquid: a:inmonia>:•or . . any of 

: ,., ... ,_. "4- : '. ~' < , . • " '; ··. ···',~: ,·.:, , · ·; · -.:- ' • , · ·;· .. · • ,· ·-,<::··.• '•'• , . \.-< ': '' 1 · ·. , 

tfle. common aolvtnts, •·~nd wh1ch .deoompoaes •in water or acid 

~,~~~o~~~(i~~e~atioi\ i/OxYg~~Jiit;~~itJlif . th~ .· 
o~onated .mat~rlal, nor . the: solution ·remaj2ri~•f.lg after de~om-

. ~.f ~i~.orl l1be~ai!e }od1n,6' £~Pm• tsif ~tii~ts,®f }odid~ · 
solu ,1on. : One. ·~n conclude, theretore, :·,,t41,a:J tb.e _yeilow . . 

. ,· '· ,1 ~' . ... :-' :. ;_/.:··•~~: . ~- :· . ',:· ,· ,., . 

~te;yrial •' is h~lther 'sodtu:m aupero:id.de n~~:~ ijocfiµ.m, peroltide:. 
. ,· ' ', . ·. >-· '_:i:>'<.:··: .. ~- / ,> .. -_ ' ,: .·,- .. '. ' / , ·. _\._\,' . . , .·.t:• .. ·. •.):\}:!{·(_i \_'r·'.' ,-· ·_.·:<(:,. ~.:;'_ __ _.,_ ... '.:; . · . .. ·' -~ .. '/•, 
T.ne data obtained trom .magnetic meaauraneitts and ohemioal ::, ,, .· . ' ' . ' ·.· ' ' ':' ,< > ' ' . •.. '(\/+.> " :; : '' : ' ' i • 

AAalyaes, ate: most ·reaso.na:b,ly intetprete~:fbt , as~ignin.g the . 

. t11~tlla li'ao~ ~?,\'#hleii~ SU>terl~l~ • .. ·· .·•·.· . . · 
. ~ne\pro~t'.icts ;·~~t.~i.ned. from .the ,ozori.izatiQrr .Qf potassium 

,,, ,, ', i . '. .>· .. ,· .< ·, ' , , '.'''. L , : , . . , ) . i ••· ., .. / :< . . , ' , ' 
and, 'c~si,um '•hydfO~idea ' az:e · colored, orange::,and•i' O!'&nge..-redl 

:::::;:r::}:'.·5:; :~:a~:e::ttfa:··~c:o:~tf:~:~::aium 
. ~dJ."OJ!~ de;, howeVe~t ·. Cl)nt~ih 1Dll~~r1aic y<lli~ 01!1~ zes i:!)did e; 

.ion,<~~t 'I!:¼~ 'gtves,. if f~$b,le'. ~fts · t~\ie~~}f tlli; .. . .. 
after .. s~vei:fiat ,,·.~iiocessive · trea:tmenta with.>ozone.;i)ofrtai;~ing ·, 

oi~gen. ·, Fu~~ll~iMore~,- the' data ·obt~:ned) fro~ '~ri~m1'oa~ 
., ., i' , , . ·. ,;:\,!'ii:0'1Z:,\,;~f!,·'/\•' ·· .. · , . ,; ! < ... . ' ·. ·· .. · · •· ·,'8.'i,.t:, ·; ·.• t'f;t'.,tii.J\i;:Jt 
··ana.ly~es and. ~gnetio '.m~.es'ure!lie.nts of th~\pzoruited hydroxides 
. are' al;i>~;~{,·~~;s·bnabl;i 1hterpreted,·,b~/ ;~:~:t1ghi~g·,··,tht{ roi:mul~s 

. lt9j and ~,~3,' ,~lipeotiv~lt/ tO' t~8 ;01J}f~·?~~ei1a1a:·• · 
Tlle s'olid;):r~i: mate;iala, ·e~tra~,t~d ·:bi:;ii~u1d ammonia ' trom 

:,,_ , 

' ozone-tree. tad potassiu:tn ', ceafwn 'hydrJii<l~s 'a.eoom.pose 
. . · . . , .. .. .: . .-1, : • .. · ·:,···\•::,>\ ';,.)~ .. . ':'·' ',.- .-_: · ... -- _.-.~ ·.-;-- :-;- ,: ,; ' ,'.:~;:(-:: ·,> ·.' :'i ::' ;:n, '·_: ,. . 

e.lmps t . explc,,sj.ve violence · when added to ;·:;~t~i/ with .a 

wi.th 
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C€>noomitant iibet"~tioh Of gas./ and ;of, 'energy': iri,'. tlif3 form Of' . 
•. ' -- i' '• • -~-; '."',. . ·• - . • . ' 

light • . , Analysea of the e:xt;aoted potas's.ifun. mater1a1 .t:ndldate i: 
:. ·, ·;· '''·,·>-:-·','. ' , ,, .. -

a groas oomposftio.n Qorrespo,nding essent1:;~:fly : to· the . fo~1nul.a · 
·_._,; · : .. - · .... ,, • . \,'cr,,- ,.,· . . · . . ·.:-->- ' , , , · ; 

I • : .. ,·>. ;-:, ) J;. •. •, ' . • 

K~f• Si!lliiar analy~es , o.n, ,the extracted., 'c,es'ium Qontailiing ; 
., products ~a~ot be s~· ·~ imp{; 1.n~e~Pl'et~tti ': }Yhen i .the ~:xt;~~•tea . . ; . ' ' ' ' • ·,:, .· ' . \. , . . . -, 

' ,. ' .. 

materials are aclded to acidified pot~EISitim iodide . s·~lution·, 

considerable ~ua:~tities ~r io<U.ne ar~ Ji~:e~~tea:,. th~ mol~t ' 
,. ·. . ., '. _'. . . ' - .· . . ' :,"'. / '·: ·_ .. ;:: . , • :.· ' .. ; ·.: -· . . ,,-; · · _:._.,..,. ··,·>\,!:/:!·-'_:/)<-., <··· _-,. 1_- _-;;_ , :: .> .· .·· -·. ··, :. 
ratio of evolved oxygen to. liberated• iod;tne; being approxi• · 
mately '2.5 : l iii the case· ~1'. the cesi~Y-~te,riEil> If the . 

mate.rial . extracted from ozone-treated . of;l'si.um hY4irJ:icJ.de t~· .. 
first dissolved· ·1~ water or aoi<l arid the{::tesult.i.n~ ·s·b1u_tio.n 
is 'then· t:ceated ,'wi .th. ,a~i~ified 'pot~ssi~ ::lodi<i~~,/ the. r~tio 

. · .. :k:~-)f:·/:-;•::;.h/.::i)~~-: , - . . .· ;., ~.- ·· :• .. . . ' -~r>-~?i/1/··,;-.:;:>>\·:;·:·>'.;;\ . 

ot evolV'ed oxygen to liberate<! 1od1ne is eS:;ifJntiaiiy that). 
' ' .. . :~". .. . . . ·. ;' ·; ' ·.- : ••. . ' " . . ' . ',,. . . " ' . : . .• :· . ' ' . 

•. found as a .:rea,ult oi" primary 'o.eco1upoaitioh witn':&oidifi$<1. 
' ~· ' ' ' .- . .. . . 

pot~saium ~Q_t:lide ·~ .. flr,.vevar.: ,. when· e:Jtt:t-ticted pot~sfl'ium matet"• 

lal is adde,d to w~ter, . ,the .. res~ltiri~ .• soihti&~ 1:ibtlr'~tes o.ril.v· '· 
.. ·\ ' -. . . . > .... _ .. ,, .. ,' ,.· . . '/ ";, :-'.,\/' · :,:.,;:;-:•,,, ' :,- :. . ,·1 

1'a1nt trages of, iodine . under ' the,,-f:tame oo.ridftiort13/ :·'.Uh1s wouici. · 
see~ .to )1.ncliqat¢ that the aubstan~e 'wnieh,\is, ~e$p6.nsibl,e, for/. 
the o:xida·t io.ti of iodide · 1on ,• is . !llore'• s tabfe 1.n. ~'olu tion· in > 

; . - .. l . - . ' .. , 

the oa$e of the ceai':Wl ·material , than in ;,;~he cas'e .ot the 
' '. __ · .. ; ;·/.> .;-·, 

, , 

played by solutions of sod1wn, ,pota.ssiun1/: and : cesium:0 ozohat~.:s" . / . :-' . ._ ... ,. 

·oxidizing.action 
,I •. • , • 

would argue ~gain st the hYJ?Othesis • that J,?he 
,. , ,., 

is due to ari o, ... fon, since the behavior '• of thlilon in~sol-:· 
~tion .. should be :independ'etit of( the nature :, o:r the :·oiition·. ' 

The ·_1;d materi~s ,extra~ted from o~lhated iit~aaiwn afi'.d' 

oesium hydroxides do not give positive p~roxid.e: tea:ta· when 
.. , -_..• •. . 



128. 
d.e~O!llP~Sed ::'i.tnmedietely after -prepa}ation~ s': •rrnis '~;ould •-indi-

.. : ' _, ',··. :<' ' ·:· ·.-_:_'. . .:_-: .-: '' . . . ' : '.\ >::.,= ''. \.\: ' . . :· ·.-... ·'. ': ',_ ·,:' '.' ·, .· .. _ _:-,··_ .') .:;:··-__ <._ --~ >\? .. : . ' ',' . ' 
: oate that :tb.e solicf-.n1aterials ,, d.eo:ompose: dir~otly• to :the· -· 

: ·/. . .; . '':-.. · .;; ;:-:·:, :, i" ·_ .-: ' ··'.." ; ·.:\:·,:,'.; ~ ,,• :. ) :,·,-., . . : __ · ·· .,-:\:'.- :,,,::i - _;_ ' , _.:, . . ' 

· ·.,o~~e$P?~din!illycfl;0Xides· Wh.eri · i!ii.tea•.·. ~. wete7, '\'[Ji~ ttu,~- .· 

. :tt:::r:iiw::t:0:n~i!::;·~:;;tf il~i~!t~it::;:i::•• · 
· th~ behavior e:tpeeted · of ·;uperl)x.ta•ea~ 

. .. ·. . \ .,: ' ' <: ., . ' . _·, . ; ' . . ' ' ' ' ... ' .· ·, ' ' ,,.:,.,,, ... \ ' . ' ;.: '. . '.< . ' ' ; ' 
._,. ·C>zonl.zation of :· concentrated potasslWli., b.vd.roxide .·soltit1o.ns ·) . . · : ::. ·.: •• ,·. 0 '• ., . . , >:"; . · . ... _.· , . .'\/} }:':·,: :. ··:; _,:: - -·;, : ···. ' 

at -.40° ' to -~50 •· c. ·produ~es .W1Stable ·-.ye1iotr:.·solutipnswhich ·· 
•.- oortta1xti)ar~magnetic: ritaterialj:., ~ha~ -~l1~·~t parruri¥~1{~~io ' ntate~i~l 

'.' ' :<, · .·· ... ' ,:: '. '- ·.• > >:- .:: •' -<_ ,/. ·_./., . ·. . ,_ ,:;:::\::·· ,, < ,_. _..:\<\ :;>:· ·-t : ·: ( ", . _::.,,, :::_ ·,:_' ' '_. . 
. is .not su_perol{ldtt ·w~s · ·established · by .prov~ng , tha t ·,pqtassiUI11 , . . - . ; . . . ).: . . ·, '. : . > ;:o , >}'.\:'< ., ,'. .; .. >, > ·-_ . . -.. -. -·_ . 
auperoxide .decoinposes.• o:omplete'ly •1n_ .. stro1t~;y _. alka.l4rte solution 

at -i.o0 ' ~50Qo~ ahd th~t the resultin~{~o1uti:nd .do not .· 
<iontain pel•o:xide,:, Tb~retore~ i1e1s~ 1 ~ 1:;};~stulate that ··t~e -

. ' ,, . ' ... _·, . . . . · • . . ' 

yellO\v soiutiohS are e.lkaI.ine solutions . of. aupertixide Qannot 
be . correct·~ ' Tlle ,,Yell~ ·,c'oio~atl~.ti'ia pre~umabfi, due to :an. 

;: ·; .;,\: ; 

'03 ''1on.' 
§.gsgestions< :tor ' Fut~~ Work,\ 

1 Many potn.i1~ ·•mli$·t ·b~ ·est8.bliahed bef~re .the : complete 
\ ,_. 

lishe4,· , Oe~talnlY a: more , tho;ough .atudy}o:r the ibehavit>r ·Qt 
' ' ., : .:· 

:tn~ t"~d matel"ials ' extracted by ·l:l.qri.id, ammonia froill ozone• ·• 
,;,·;• ' . . ' _ .. ' , ' . ••. , .'. ' · ;·,:: -, 

\tr~at(3d .Pt>tassium -and .ce$ium' !lYdroxidea would. giv~ -a more 
' . ' ._. ; '"" :., ,. '. ' ' . . , 

11oml'let;e pi11ture ·ot tJie ii;t11re ot these sllba?alle!ls, ... JEagtleti.!I . 
. sttidies-· ot the-extra1tea· ma tei-ie1~):::~tip;i:m~~tetl ·by . more 

pr;oise analytlcal da\i~j sho~id:,:ie ~erfo,~~d>· :·~11~ . s 'o1ubili,tf 

. of o es~tw h1c1 roitde in liquid si~hl4 . be<determin_ed · in_ 



order to establil;lh ·vih~ther .. hY<iroxide impµJ:'lties:· fi!"tL 

carried intp the .. • c:olle¢tion :flas~ .bY .. ,. the.i.eJttract,ing .:aol.vent. 
' fhe ;eaction .. betwee~'. •Oz~'rie ,.and::::the:;k~r~xid~·s .· of::: the . ' 
. .. . . ' ., :, ·:·~; / . ' ' ' . .' . ., . ' ' ,, . ' . '. •·· . . , . . . _ ,,, _. . . :·- .' ' .· .· . 1, •.: . . ' ' , .• 

alk~li and .alka1ihe earth:. metals ••- ~hould ·,be ·m.ore. fully 
·. , . . · . . .· . .:1·;:,,.,•' .··. ··.·• .. · ·· 't ' ·:' .· ·.· .•. i t) ·,' ' ;-:: •, ': ::; , ; 
investigated in order to determine Whether · the · reaction: is. 

,.,,' .. •.•.. . ·· ... ·· .. . ,· ·,· .·· ........... :·i(\:i';:/'.' .. : . ·.,· .. ·•,; . 
analogous to that>. between ··ozone .. and the }'hy'd.roxidefJ •. . · :.; ' .· :_· . ' ' , ' : ,' . ' .. · '', >'' ' ·.··; ,/.i;':?/(.•,; ' ' ,i '' . '?i ' 

Perha_ps .· oxygen~·rloh. prec:...vi tates .mi.y)\b~ .. obtaiiied-· by':, 

aild! tion <>t. a {1~ u~il 4DUnoil1 r :01 \l tiph.1~lii~ ifx,f i.~t~~:ll · 
materials to a liquid. ammoni:a solution t:ir ,, barium nitrate or 

', ' ' ' ' . ,, . ,·,· • ' ··. ·. ' . ,, ., :, , . ' ,f}/;i,::: ' ' ·;' ' ' - ' 
oertain ct.her o:r .the liquid-~onia•s.olµ,,Rl.e ·a~t1;1,,. ot\ ;the · 

,-.:, .. _. • -.._·,. ' ': a _- '. ' ' ' . ,. ' ,.-'.,) '·:\ .... . ·: .- :;r.· . . ;.' ::'· ~\ x, :·. ,;.:J.::.-: /; '. · ' . . -. 

alkaline eart.h. )?1E:1~als •/ , 

·. These ?-re: but. a ~ew of the >tnvestiga.itions''that~ Woula 
add oonsid~~a~lt . ·to Qur .unaers tandinR· ;}\I£~e -and , 

,, . , · .;; · . • , • . '.',; ·:• r,. . ·•: 1· • . / : . . - ;_ :;\.~~;°:<\ ;'.·:·,,:; • · ' 

. behavior of the nozonates".> 
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