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.· Introduction 

,Of the higher oxides of the alkali and alkaline earth 
. J 

metals, only the _peroxide.a of sodium and barium had any extensive 
,. · .. t .. , . ,, 

use before World War n~ Since the beginning of the war, 

. . ho~er;:·potasstum superoxide, Ko2, has been prepared for th~ 

Na.VY' in large quantities and finds use as a source of oxygen 
· .. ' ·,. '. ' .•, ,, . . ; -~ ' 

in breathing apparatus for £ire-fighting _and rescue work 

ab~ard ship. ,.: .The oxi~ i$11Sed in canisters in a closed · 
; ., ·.; ... : _, •, . . . ' . : ' 

system apparatus ' '1here. its ·re~dy- reaction with . carbon dioxida' 
' . · . . , . ' ·'- · , ·.. . . .· ; . . ' , . . ' 

_and moisturl frtlin th~ br~ath. 'reiease~·' sufficient oxygen to 
. ,-. ' ' . ' ' : ' ' 

supply the i.vearer • s needs. This development 1 borne of war 

time need., has pointed out the ·inadequ.acy of ·our knowledge 
' •, , ·. ' •- •, 

of thi~ type of compound which is suitable for air · 

purification. 

This study represents a two-fold purpose. , The first is 
I' / ,;, ' { 

to summarize the 'work . that , has . 'Oeen. done . on thee~ oxides and 
i ' . . ' . . , • 

to evaluate it crit:ically ,'whenever :possible. The second is 

to prepare and study the peroxides and supero.xides or the 

alkali and alkaline earth metals which have not previously 

been . investigated. .. These purposes have been only partially 

.ful.filled. 



Historical. Review 

,.The ¢cl.des of theJ alkali and alltaJ.in$ •earth metals ma.y 

be j:li.v;~eci :lnto three classes-namely, monoxides, perorldes, 

and super oxides• The •• normaJ.n oxides of the alkali and · 
' 

a~he' earth' metals, of thegen~al formulas !faO and MO, 

>respectively;: .may be considered, to be, salts• of the weak acid 
, , . . ,\ ' 

.water. ·•These oxides react withwater to give, in most cases, 

lrl.ghl.y i<:>irl.t·ed hydroxides. The · members of the · second type 

9f ()Jd.des., th$ peroxides:, are d~l'5.vatives of the weak .acid 
. . ' . 

hydr?g~.I''P~roxide and.· e~ntain · t,~e 02- - i~nl\6f the structure 
- -"·•·.:,-.•_:~:_i_~:.\.;:_::,\:_/-<i. _ · ' · • -·_, . ___ :: ·;\. __ r. , -._. · , · ; :: _ .,, _. • , • --. 

:0 :' o: ., .' • ' • .. By d.etini.tion,· perQxides ar(' compounds which give 
. . .. ,_ .. _ .. .. _. · · ··: .' ·,· '. _,- - . . ' 

a ·sblµtionof .hydrogen peroxide '«hen treated with a strong 

. atiid.. 'since they are salts of':tb.e weak acid hydrogen peroxide, 

tM peroxides are extensively hydrolyzed; their strongly 

al.kalina solutions are active oxidizing agents. '?he laast, 

£a,m{l±a.i class i~ that group 6:t oxides ·:ref erred to in· the 

recant J.i ter~ture as superox:i.deif; a name . sug'gested bi Bray 
artd.. ~astman (1) • The supero.xi.des are salts of the unstable 

. ' .·· . . 
acid H02, which decomposes into hydrogen peroxide and oxygen (2). 

The .. super<>xide sal'ts react similarly in watex-. This investiga ... 

tion is concerned primarily with the last two claases of 

oxides-the higher oxides. 

The Alltali Metal. Oxideei. 

Numarous investigators have studied the · oxides of the 
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alkali. metals. some of the first experiments were performed 

by such well known pioneers.· in •·· cheinistry . as Berzeliu.e (3) 

and. Gay Lussac (4) • As. would be expected with the equipment 

available . at that time and the . techniques ei,iployed, this 

work was not extremely-accurate tut did serve as a basis 

for further :research. The i'ir$t reliable work was done by 

Harcourt (5) , who found that tho highest product o.r tl10 . 
. . . 

direct oxidation of potassium is ~o4., but .he . could isolate ·. 

no • inteiinediate · orld1:1s. • Sometime later· .• Lupton · (6) published 

~lata;indic:a.ting that the . peroxi~e~. ¾02t is· obtain~d by tha 
i ' . . ' '.'· '. . · ' • 

contim,1.ed action of dry · afr, or· oxygen on potassium • . lie also 

describ·e···· d, the complex oxides. 1t8or:<, J;6· 0 , K O (probably · .. ·· . . · · ~ · 4 43 
aggregates of the different oxides in varying proportions) 

which he bbtained by analyzing different parts of · the prodt1ct 

showing .different colors. 

· To clear up s'oma of ·the earlier discrepan~i~s,. Holt · 
., ,· . 

·. and Sims (7) felt it• desirable to repeat thl.$ . Work .. · Their · 

.work was by far the best, · and incid~ntally: the 1ast reported 

. in the literature On' tha direct oxidation of the alkali :. 

· metals in absence of a so1vent. A few :yearrt previous to 
. their worl, it had been shown by Baker (8) that •oxidation in 

·certain cases proceeds with extreme cli£ficulty in perfectly 

dry oxygen, and since Holt and Sims' work seemed to 'indicate 
this .also, : they car:ried out experiments to see whether 

potassium would react with extremely dry_ oxygen •. ' :i:n order to 
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test this a tube of thic~ glass was constricted to form two . ·. ' . ,'. :: ' . , ·; ; ' ' ·1. . ·. 

·chambers. Into one .end was placed a . sealed tube of potassium . ' :• ·: : >.· :, , . . ' . f, • : . I • • < >. '. • ~ • ' 

and into tha oth~ -~ome phosphorus pantoxid,. After a time '· • '. , ., .•. , •. , · : ' : •· • ' • - , ' . . \ _, •· ' j -· • • 

the tube :was shaken, thus brellking the potassium tube and ,,-; , __ . , . _.• ,. ,,:: ' ' . . . ' ;·-· ' ·,_ i . ' . . . ·! 

expq~:f:rtg t~a: tree me~al. Tha bright . surface rema~hed unqhanged 
. . . . for ,seyeral . days at .·rooiil temperature, and even when the ;, .· .; . ,, .. :. ' : : , . ·,• ;' ' . ' '• ' . '. , ·, ' '· '. ; ' . ' . ' . . . . . ' . '' ' . ' -· . ' ,, ' . 

,me:tal .was heated until it vaporized, no .evidence of .orldat:ton , , .. ,,, · · , .. ... . · _:· ,• ' . . . ' . . ' . ; . ' ' . ·- · '. 

could he seen. The same results were . obtained with sodium. : '- ' ,._ ' .; ·_.··· ···: .. ... -. , , . ._,. ' ' , ' ; . ·, ' .. ' ·:'. ' ' . . . ·. . ' . . ) . ... . . . . ' . . ' . 
. . . . 

··· ln vi8?t . of . these findings,: . B'.ol.t and Sims · dried the · ., ' -· ·' ,' ; : ·• ' ·, ' ' : . ' -- · . ·, ' . ' ' , . ' ' ., ' ' . . 
o~en .used in: .t~e~ ~ ,eri~en~~ · _br passing it · ~hrough .about 
eight . inches of ca.lei um .chloride. They . £ound that when ;., ' . , ' .: ' . · , . . · . ' . ·. . . . ' •.. ' . \ 

potassium. ( cor+~ained in a sheet,•iron boat in glass tubing) .. ·; . . _:.· ._ ,_ . , . .. .-: . . : ' ·, . . : . : : . 

ia heated .in a .strerun of o:x:ygen, the oxidation proceeds , ' ·, • - . , ., . ,. ·.•· ' ' . ,, ··, . . . , . . . ' . ' . ' 

with?ut ,a bre~ until .'2?4 ls obtainedas the i'inal product. 
By U$~ nitr?us, .·. o~de as the ?rl.dizing .. a~ent .both: K2o2 and 

: • ·1 • 

:ic2o 3 war~ '.·prep~~d • . ' .. This , ~s _a.ccotnplished by oxi~~ing 1;he 
pQt~~siumJn a , small flask .which was. heat~d .by a ,fusible metal . ,· . . , . . .. - .- . · · .. . ,,· , • . ' . . l •. ·, ' 

b~tll and connected on .either side by cylindrical gas .holder • . .. · -: •.' '·· -. · _.;. ' . . ' . . . ' . ; , ...... . ' ' ·' . , , . . 
By alternately raising and lowering tbe gas ho).d.ers a known I • ·• • •. · ' . ·. ··; ·., • _- o ., 0 , ·: , • 0 ' f , \ ! . .' .. j I i : 

a.tno~t .: ~f:. :gas. cou;J.~. be , passed ova.,.-" the , metal sample and tha 
oxidation: eat9pped whei:i ,the theorectical amount of gas had bean " :- .• ••• ···:,·: .' ' '' , ,. ' ' . , • ' •, . ' • ., 1 f , • • • ' . ' , ' ·, • • • 

~bs()l'bed, t~ !oz-i:n tn~ intermediqta oxideEJ. The K2o3 80 prepared 
wa,ll pu£f~o,lo:re4 and .the ~o2 sulf-ur-yellow in color. The 
'202 .~?11 .~~~ure t.o the .air slowly deliquE3sced ldthout, . 
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£urther · oxidation, but the . ~o.3. was oxidized so violently 

that a ·red glow spread through the mass and the oxide became 

.f'us.ed. · 

The same inveatigatoritJ prepared sodium tor oxidation 
; . ' ' . ' . ' . 

in the following' manner• A small. .flask was filled about 

to/ea-fourths full with toluene, and the air in the flask 

displaced by nitrogen; small lumps of sodium were than 
. ' ' 

introduced, and the flask was heated on a sand bath until 

the metal melted., .· and then violently agitated until the 

niixturs coo'.l.~d. The toluene was then removed by washing, 

fil.•~t With benzene, and then se,;~al timea with pura dry 

ether, and finally heated in dry nitrogen. By this meari$ 

tha sodium was obtained in a very f'iile state of division, 

and with a bright surface. Soma of this sodium. was then 
. .. 

heated in ·an iron boat· in. a ·stream of moderately dry oxygen; 

it was soon coated over With an oxide film but no definite 

· oxide could be obtained below the melting .point· of sodium. .Ii' 
. . . 

heated slightly above its melting point, it was round tht sodiwn 
.. ' •. c t 

' . ' ·. ·. ' . . ' •· . . ' . . 0 
would cat'oh fire, and ii' the temperature was kept below 180 

' i ' 

and the supply of .oxygen limited, the greyish-white Na2o 
was i'ormad. The latter also was formed when sodium was oxidized 

slowly with nitrous oxide at a temperature of 180-200°. By 

using larger q~antities ~i' sodium and by raising the ~empera-

ture rapidly in an excess of ~xygen, the yallow~hite Na2o2 
' ' . . ' 

was formed. Both sodium and potassium were .found to form 
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mixtures of nitrites and nitrat'es with the: red oxides of " . , . 

nitrogen. 
<An . attempt was al.so made to prepare lithium peroxide. 

:· ·,, . '. - - . - -- -- 0 . . :. _:· - . - - .: 
ffl1e1f ~he metal was heated to 250 in_ a stream of. oxygen., it 

burne~ vdth · a br:i.ght white flame, . forming almost ptire Li20 

,·f.l,.th only traces of t,he .'peroxiq.a 'in it. 

- tn _their .work, Molts and Sinls substant:fatecf the composi-

- tiolJ.fof' several high$t oxides but were 'una.ble to prepare 
.· : ; ' > "_·, ·' . .' , ' '· ·. -- ·. . . <·:· . . ' ' 

)<2d. _ · Renga~-~>':(9) __ clain,ted to have obtained the monoxides Na2o, _ 
. ' . _, ·... ' ' ' ' '_;'. -- .. ::- , ·••. :· -~::\ ·_ . . ' . ' . . ' _·: ' : ' . ·. ' . ' . ·-._. .· ' '. 

-K,2o.,_ Rb2o, antl_/C~fO' by direct 6xi4ation _in tha pre.senc(:j of , 

; ex~es's Metai.1-vrith' subsequent removal of '_ this excess by 

?di.st,fJ.ia:t:ton in a va6uum. · 

. so f'~ only the c&.rac_t methods 'of oxidizing the v~iomJ 
m~tal.s h,a~e peen considered. There ar·e -at least two other 
mM,hodsused t~ prepare• allili .metal oxides.· ·- The first or ·· . 
these ; has b~en -used only a~ ·a .means -_ of preparing' µ 2o2'.: -. 

ln _thi~ method Li;Oli is dissolvedin ethanol (95%) ~dupon 

the acidition of 30% H2o2 --thet'o is f.ormed d precipitate or 
IJ.202•H2o2•3H2p •which may .be dehydrated ' to g:i.vejnire ti2o2• 

This :'me~. of , preparation has' ~een used -by Bfu.menth.al (lo}-; 

-amr a' ~imilar method by cieForcrand (ll) • Liihium peroxidf 
. . : '.' ·-.-· ' • . . . . J 

differs from the other alkali metal orldes· tilthat it is not 
• • , . . ' • ' .O, • • . • • \ 

hygroscopic and .~s J.ittla· ten$cy to react w:i.ti>.' carbon 
/ .·' . -·_ _._:,:- . _.,. . ''~,;,}:· : . . ' 

dioxide. at room', temperature~ .. . '!'his techniqu~. is ! limited In: . . ' .' · ' :---,- . . . . 

its applications, ·but the second mathoc(, that or' oxidizing a 
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. solution of. tr.e metal in llq-#d ammonia:; has been uaed·:1:.0 

prepare a: .number of the oxides and probably its possibilities 

have not ·. yet been fully explored. 

Ona . of · tb~· :f.'irs.t investigators to use .· llq~d ammonia · ru, 
• ' ' • • I , . ! ',: . '. • •, . ~"t-_ :•· . , ' 

a solvent was Joannis who contributed muchr. in this field. His 

work (12) on the o:ddation· of 'Sodium a.nd.,potassium in liquid . ' .. _,-' •: . 

ammonia deserves particular attantion ~s ·~~e present investi~~ 

tion is an exbension o_f · this work and that of Kraus arid Whyte. ,· 
. . . 

(}Jh Joannis claims to have prepared ~p2i Kio3, K2o4~ ~a2o•tra3 
and. ija2?3•, Apparently,.ha did prepare the [t~ee potassiuu{ ·. 

I . 

compounds bu.t. probably, as will be shown iater, ' did not prepare " 

the t iVo sodiUI11 compounds listed• · 

Joannie realized that the two compo'Urids 'of ·sodium that he 
' • ' . ' • • -- ~! ' ' 

reported would sometimes form simultaneously._ · Ha foµnd that -by 
' _, . . , , 1 

a. controlled. oXidation of sodium in liquid ammonia a_ pale rose 
colored- comp9und •~orre~pond.ing .. to the. ·fo:['.mula lt9:20•NHj \~a~· 

f():rmsd.. ' The 'method . o( analysis used in this' investiga~i'on 
. , . . ·. , ' . : ' . ; . ' . ' . , .. 

consisted. ~f w'eighing. t4a . m~.ta.l . as such ·.before the experiment . 

was Started ' ancl 'a:ttervlards in the ro;-m of the sulfate. ;The 

amount of oxygen was taken as the increase · in weight .during 

the fucperiittentJ in some cases t,he amount · of gas ~bsorbed was, . . . . . . ' . . \ . . 

. measured. 'l'he ammonia: was ana:cyzed volumetrically after 

separation from the hydroxide by cti.stiilation • 

. The fo~lovdng is the 'only analysis · given on this 'compound. 

No indication was · given as to v,hether this amount of · oxygen was 



a measured volume or reported as a difference in weight. 

Na 

Calculated for 
Na20•HH3 

58.23% 
21.52 

20.25 

Found 

.58.45% 
22.08 

19,4~ 
He .further claimed that the compound N~O•NH3 may take up 

two more equivalents of oxygen but no more ammonia to give 

the pale rose colored Na2o3• Upon treatment with water it 

supposedly liberated oxygen and was transformed into Na2~•8H2o. 
Following are the only analytical results given on this compound; 

no explanation is given as to v1hat became or the ammonia 

molecule attached to the Na20• 

Calculated for Found 
.N~o3 I n 

Na 48.94% 48.74 49.59 
0 $l.o6 .51.26 so.u 

He does admit that the composition is variable if the oxidation 

is terminated at the moment of disappearance of the blue color. 

Dua to lack of details these data are severely limited in their . 

usefulness. 

Rengade (9) made a study or · the oxidation of potassium, 

cesium, and rubidium, in liquid ammonia, and established the 

existence of the oxides correspondtng to the formulas ~o2, 

~o3~ and ~04• He also showed that in the case of cesium and 
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rubidium the product f orme.d in liquid ammonia depends upon 

the rate of oxidation. With rapid oxidation the initial 

product corresponds to' ~o2 and the final product to }½04 • 
.' 

on slow oxidation the initial product is a mixture of the 
' 

hydroxide, MOH., and the amide, MNH2; which is further oxidized 

to the nitrite. 

The only research on these oxides so far 7eported in the 

literature in this country was done under the direction of Dr. 

Charles Kraus, one of the pioneers in the liquid ammonia field • . 
Two important investigations on the oxide~ 0£ sodium and 

potassium were conducted und!ll" . his direction. 

In the first paper (13) in agreement with Rengade's work, 

it was .shown that upon slow oxidation of either sodium. or 
' 

potassium solutions the initial products are ·the hydroxide 

and amide, and upon further oxidation the amide is oxidized to 

the nitrite. 

More complete data are given by Whyte (14) on the·formation 

of the amide and its subsequent oxidation. In a study, first 

in the case of slow o:xidation, he attempted to prepare K2o. This 

may · be accomplished either by carrying out the oxidation vd th 

extreme slQwness or by admitting the calculated amount of 

oxygen necessary to form the mono:x:1.de. · The latter method was 

adopted and gave a white, gelatinous precipitate and a rather 

· yelloWish liquid. The weight found was much grea tar than t;he 

theoretical value and the excess weight corresponded very 
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close~ to. that . 0£ one mole·cule of •· ammonia,. He assumed that 

. ammonolysis fa1d ta~en. J>:Lace, yielding potassiuz,i hydt'oxid~ and 

potassium amide .as indicate'd by the ·equation,·. 

"R' -0 . f ' NH . /a . ICOH ·+ KNH.: . ~t! ··.; ,, 3 . '. ' .· . '. ; . .--·-, 
. since it l'ias not certain. whetl,lf:ri" a . complex: oompoUlld · or a ' .. . _\ · , ' ' , . . · ·, ' ' ., · . ' ' , . : ,, ' '. 

mixt,ure of KOl{ and. KNHf was produced a separati9n was, · attempted 
. . . 

by me~s of a tll'o;;..legged glass tuqe; . suc.h :a~ tha~ used by . . • , . . . · ; . ' . ' ,' . . . 

Peck ._,(1$)~: . ~s potass,illlil .andcle>±,s rEU'1 1 s9luµl~ ~nd .Potasa~um 

hy;dr0,x:tde :is : :t~o.luble in liquid ammoni~ . i .t ~s e~t~fq.ished , . . ·. ·_ : ·. , ·· . ' . : , " ; ' . . :· . . : . -. . . · .. , ',' : ' . . . . ' . - -

th,at ~hese, tvlo. compoun<:is wete . formed ap.d·t:tiat .the,,E11Did,e can 
. . · · . ,: . . . ' ' , . . . _. 

be oxidized either in . solut:tori or iri :t,he dry, state! Vihy;te~s 
'., : · : : ' ' : ,, '-, - • . : . , . J · . ' ·. ; ' ., ' ' . . . '.' . I\ 'i 

data indicated that ;the ·r~ac.tiori ·isj · 
• . i '' : • • , •, •' • • ? •·. , . ' • ,' ' ·· • c :,, · : • 

2.~ , + • 'J/202, ·· '~ J:OH :+ , .NH3 ,' f '?~~2' 
Upon ,iapid oxidation ,of ,the metal ~o+uti,ori he was .~ble ,to 

. ;. . . . . . . . ' ' . ' . ,:, . ' 
' ' ' . 

i~e>late ,both theperoxide. andtb~ supe;-o?tl<;ie but not. th$ , 

trio+tde~ 

This investigator also studied the1 0:ddati.on 0£ solution$ 

of sodium in liquid ammonia• .He found thi!,t the • initial · 
' ' I • • • .-, 

product was always the monoxide and that this ammonol:yzas vdth 
. . ; 

the formation of sodium amide and sodium hydroxide. The 
amide wtis converted to the nitri.te upon further oxidation, 

this reaction appearing to be identic~lwith the analogous · 
' ' ' 

reaction in the · slow oxi4ation of potassium. 'the publication 

_(JJ) based on t~s work stated that the peroxide is formed 

upon the rapid oxidation of sodium in liquid ammonia. This is 



in contra.diction to the findings reported :i,.n Whytes' thesis• 

This first work of l{raus' was carried out at or near the 

boiling point of ammcmia and N~02 was reported as the highest 
J 

oxidation product of sodium. Joannie claimed to have obtained 

Na2o3 by working at .50° • ln Kraus' second paper (l.6) the 

oxidation of potassium v1as .carried out at -5o0 and very nearly 
' 

pure samples of both ¾02 and ~o4 were obtained. By allowing 

o~an at,low pressuratorea.et with K202 at room temperature 

the unstable chocolate colored K2Q:3 was prep~ed • . 

:Cn .Kraus t original work the procedure used consisted 

essentially in passing a controlled .stream of oxyg~n through 

a solution of the metal in liquid ammonia contained in a 

weighed tube at liquid-ammonia temperatures • . "!'he volume of 

O:Jcygen . absorbed was measur~d and the weight of the products of 

reaction was determined by weighing the tube at the end of the 

reaction! The metal. employed wa.s melted in a vacuum and run 

into small sealed tubes of knovtn·weight. These tubes were 

broken just prior · to introdl;lction into the· liquid ammonia~ In 

Kraus• aecond paper (16) the same method of handling the metal · 

was used/ but the analysis consisted of decomposing the oxid.$ 

and .measuring the evolved.oxygen as it was realized that the 

weight 0£ the product formed was not a sat:ts£actory criterion of 

purity. The oxygen evolved on treating the.higher oxides with 

ice water serves · to determine the amount of oxygen combined in 

excess of K2o2• 
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Xio4 + aq. · · :: Kio2·•aq. + o2 

· ~o3 + a.q~ · :: it2o2•aq. + i02 

when· K2o2 is' dissolved .' in ice cold watet-1 nti 'oJcygen is 

evolved., at least theoretically~ The oxygen ·evolved on 

heating the resu.1tirig ~olution indicates ,the amount: of .potassium. 

present ' in the form of the perorlde, ½02···' 

With water vapor~ lC204 reacts, according to the equation:,· 

'K204 .· .f. .3~20 :: !½O• 31½0 ·. ~. 3/20,). 
Once 'the breakdown' of 'some hf the ~04 i.s ·initiated, , it · 

decompoties completely to potassium hydroxide, while the remaining 
. ' . 

~Oh remains intact. This is indicated by the .fact that on , 

partially decomposed ~o4~ the o:xyg~n · evolved i.n the second 

stage of the analysis is one~ha.lf that of the first stage 

(addition of ice wa:ter to the sample)~ Water added t~ K204 

suspended lri liquid ammonia 'shows no indication of reaction so 

long ' as liquid armnonia or ammonia vapor is present. 
' ' ' . . 

Kra.us ~lso showed that K2o2 and K2o3 absorb definite · 

quantities of Water vap~r without evolution of oxygen.; 

However, this .method of preparation of the hydrates was found 
' . . . . 

to be unsatisfactory beep.Use 'of the 'rearrangement of the 

hydrates. A better method is to introduce the necessary 

quantity of' water . into a suspension of the oxides in :liquid 

ammonia. By this method '202•H20f K202 •2H20 and ~0.3 •H20 . 

may be · prepared. These hydrates rearvange slovfly- at too~ 
. . 

temperature in 'the dry state to give K204 and toll hydrates. By" 
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the . two Gtage analysis previously .de$cribed the 'following .· 
. . 

ra~rangements were studied.: 

3(K202 •H2o) • . X2o4 4- LKolt' + H20 

)(~02 •2H20l := . t 2o4 + 2 {~O• 3¾0.) 

3 {~0.3 '¾0) z 2K204 . f lt20• 3H20 

The first rearrangement ·shomi abdve goes r.ather 'rast and 'to 

completion, the second one goes a little slower, and the third 

much slower; . but vdth defi~te indications or··.autooxidation. 

According to deForcrand (17) I!io4 loses oxygen above its 

melting point with .the formati~n of K203• · Holt and Sims (7) 
. . 

found that the final, product; . on , heating ~o4 in glass, 

corresponds to the formula K20, reaction presumably taking 

place between the oxide and the glass• Kraus (13) repeated 
' . 

th:ls work and found ·,that K204, when melted itl pyrex or soft 

. glass, gives a product which by analysis corresponds to K2o~ 
I:{ heated in· an alumi.num boat, however, the final product is 

K2o3, wbich' ia in . agreement with . deForcrand1s work. Kraus 

also observed that ~o4, after exposure to the action·of moisture, 

loses oxygen . irreversibly between loo0 and 200°. At temperatures 

above 300° it . dissociates rev,araibly hut the . equilibrium 

pressures.appear to depend on the oJcygen content of the Solid 

phase. 

~eyious to this work of ·Kraus, the, dissociationof the 

peroxides . of ao~um and lithium, and the au.peroxide of potassium 

had been studied by Blumenthal {18). Shortly after this work 
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appeared Tzetitnershver and Blumenthal (19) published data 

giving the melting points; dissociation temperatures at a 

pr.assure· of one atmosphere, and ,. the heats of formation of the 

known higher oxides o:r ' tha- 1alka1i metals. 
. . . 

Also, estimated 
' ' 

' . . ' . . ' 

melting points for ' the unknown oxides Li20.3, Na2o3, Li2?4 and 

N~04 were given. 

Recently an attempt has been ma.de (20t to prepare the 
higher oxides of sodium and potassium by therma1 decomposition 

. . . 

of the nitrates at temperatures ranging from 750~ to 1200° • 
. · . : ·. . . . . . . . . . . . -o· - . . .. 

Sodium nitrate was found to decompose at• 800 to form only a. 

little peroxide. High peroxide content lms obtained only by 
. ; . . . . . 

·heating the ,salt rapidly to a. high temperature. · !t was found 

necessary to heat the potassium salt •to about 1000° where 

appreciable ·quantitias of the stable black molten peroxide 

were obtained. Upon cooling., the melt was yellow to dark brown 

in color due to tho presence of various oxides of potassium. 

Alkali meta1 oxides of the general formula ~o4 have until 

recently been called alkali tetro.:xides in the belief that the 
, . 

substances were analogous to the tetrasulfides ,and contained the 

04- anion with the structure: 

-:Q: 
:(>:' Q! 
.. :0: 

"; • -
According to· Pauling (l) . tho discovery o:t the three--eleotron 

bot}d suggested · that these alkali oxides might contain the o2-

ion with the structure ·t? <f- which involves .a single bond and 
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a. three-electron bond betweenthe.two·identioal·atorns. This 

was proved by -measuring; the magnetic susceptibility of the 

potassium.. compound. , . The · super.oxide .ion ot· · contains one 

unpaired electro.n and therefore· should be paramagnetic· which 

was· r ou.nd to· be the case, ·whereas the 02-- ion ;would· be·•. dia-

magnat1c., ~e·existence, of the superox.i.de ion in ·crystalline 

potassium superoxld$ has also been verified by 1--ray examination 

(22), and _the crystal..· structure shows _the potassium and superoxide 

ions to be arranged in a simple. cubic array. A.ccordingly, the 

formula. 1102 is i~di.ca.ted ra~her than 1¼04• Several.investiga-

tor;, have reported alkali metal oxides of·the empirical formula 
1 ¾?3• ·. M~gnet:Le' a.nd ; ... ray· data.. on the rubidium and c~sium 

compounds • pr,ove that these · contain .· both the .. peroxide and the 

~'uparoxi~ ion (22) and that their structures may therefore be 

represented by the formula P¼02•2M02• 

Itazarnovsld.i and Raikhstein (23) have shown by means of 

dissociation studies. that K2o_; is not a· definite compcmnd but a 

m1..xtura of Ko2 .. ~d ,'202• This is in agreement ,nth the findings 

of Helms and '.Klemm (22). 

The str~cture and properties of the univalent superoxide ion 

have been 'studied by·tasatoohkin (24), who also gives an .elec-

tronic schema !or o:xidations which involves this ion. Attempts 

have also been made (25) (26) to study the reaction mechanism 

operative in the reaction. of water with the auperoxi.de ion .-to 

liberate·· oxygen. Supposedly the Ho2 radical is involved in. this 
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process. · 

Th~ . AJ.ka.l.ine. Earth Metal ·. oxtdes 

ipie literature on: this grpup: l;)f compounds is sommvhat rriore 

Scalltl :f.1¥1-tf on th() related a1kall met~1 compounds. :rAkG ·th$ ',, · .• ·, ·-, ,· .·' . ' . . , . 
. . . . '. ~ . . 

a~+i,grpup., tbreatypes of oxtdes of the alkaline earth metals 

ar~ .lcncmn. 
, 1h, <,nonoxidas are the most c~mmon type £ound in tils . 

. ;- · ' . . . ' . .. . 

family. , These oxi..des are £0Tlllad when the hydroxides; carbonates .' ; . , ,.· .- , . . _-, .... - ., · ' ··' . ·. ' ' . . . . ' . 

<?f. rrl.U,-~~es .are decomposed by ~eat, _the ·st~bility of these 
. . . 

c:9mpot1nds be,ing roUghly parallelJ:.o th:~ strength or the oxides 
an bas~s •... Whereas the hydroxide~ or carbonate$ of the alkalies .- .. . ,., ,'.' ·' '·" :·._ ,·-. __ .' . ' ' .. '· . . '_,··, . - . 

cailllqt, .. l:>e, appreciably decomposed ··by° heating, those of this group 

~e <a'.ll- i;iecompoaed at high temperatures. The nitrates of .the .. ' .' -, ~-·:· / : ;•· , ... .. ' . . ' . . .· . . ' . 

. alk. a. Ji metal.is . are decom:posed t<> . nitrites on heating, while those 
. . . ' . ·. ' . 

of ,the heavy metals give oxides without _the iµtrite stage • . At 

mo9-erate>temperatureJ3 the nitrates of the alkaline eartht'· 
. ' . 

~:Lv~ a, mli:tura of oxide and ni"yl'1.te; w:l.th complete dec0II1PoS:i.tion 

i;o tha orlde at very high temperatures. Bariut11 is nearest to 
' ,·• . '' . . . . . . ' .·.. . ' ' ' 

thtl alkaJ4.. metals in this property-, ..... ,1 ts carbonate is the moat 

dif'fic4t to ~eompose--wh:Ll, magnesi'UIJl (and beryllium) :ts · most 

. unlike ~hem. . AfJ is, 1n the case with 1i thium, the lightest ·· 

:member _of the group approaches . the elements · of the ne#, haavi~ 
- . ·. •.· ' . ·: •{·, 

group of .the periodic system in i ta properties. 

~e _method 0£ production ordinarily used to prepare these 

o,xid~s is that 'Wirl.cp involves the decomposition of the carbonate$, 
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·but owing to the high temperature of decomposition of barium 

carbonate , the h~oxi.de . is · u.tmally employed in this case~ The 
' . -~\ 

oxides . are crystalline when prepared at Jdgh temperature., but 

as ordinarily ma.nuf actin•ed they are in the form . of a 1oose · 

powder. The'se oxide~ are very dii'.fic~t to melt but are 

liquefied.' in the <electric arc. Their refractory properties, 

combined 'nth their inertness to many ·r~agents after they have 

been igntted, .makes them·us~ful in the construotion6f furnace 

linings, eto. ' Ignited BeO.,. like tlumina, is insoluble in all ' 

acids with ' the exception of concentrated sulphuric acid. 

The peroxides oi' this group are not as easily prepared as 
'are the ' alkali met.al pero:ddes. The formation of stable 

per·oxidas at high ta111peratures is characteristi~ of the more 

,electropositive alb.line . e.u-th . metals. This property is not 
' . . ' . 

very pronounc~d in lithium and is entirely absent in beryllium, 

while of the alkaline earths, barium .forms a peroxide most 

readily in the dry way. The o:tldation •of calcium monoxide vd.th 

o~en at ' high .pressure and temperatur'e produces no peroxide~ 

and only i J$ . per cent, yield of . s~ontium peroxide , is ·obtained 

by th~ oxidation of th~ mon~xide at 46o0c and 98 atmosphere~ . 

pressure (27). On the other . hand, .· barium monoxide is readily 

comrerted tb the ' peroxide by heating in air to 4oo0c. ', This 

p~rox:i.de is readily decomposeii' at low pr~ssure's or at temperatures 

above 400°., and before the ~cl.vent of . liquid OJcygen, this ;r~ · 

action was tha basis 'or the Brin process for. the . manufacture o.f 
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o~en. 

Attempts have been made to prepare the alkaline earth 
' ' • , '. ' ' ! • , '. . . ' ' 

peroxide$ · by oxidation . of the liquid. anwonia solution o.f tha 
• v' . .' . ' ' 

metal. . Only a ;poor · yield is obt.ainable by the .action of oxygen 

on the calcium solution., although the preparation of the . strontium 

compound ha.a . been rE!ported (28) in liquid a.1llllonia. 

From the above discussion it is readily apparent that 

there is . a direct relationship between the size of the ion 

of the ~llca1+ne earth metal and its ability to form a peroxide. 

The peroxide of the' comparatively large. barium lon is readily 

obtained, while those of the smaller strontium and calcium ions 

are· less readily formed. Magnesium peroxide has been obtainable 

only in the form of the impure hydrate, whereas it has thus 

.far proved .impossible .to make the paroxida of beryllium, the 

member of the group whose ion is smallest. 

The reversible equillbr~m between barium oxide and the 

peroxide in~cates the great s.t~bili ty of thia compound. 

The radius of the Ba ion (1.3-1.4 A) is close to that of the 

potassium (l.:'33 Af and r~bidium (1.48 A) ions, so that from 

the standpoint of crystal chemistrr it, is to be eJq>ected that 

Bao2 anu Ko2 ~hould be comparable in stability, . since both 

have the calcium carbide type of crystal lattice ,d.t~ anions 

of similar dim~nsions: 0--0::1.28 A. in the oi' anion, l.31 A in 

the o2- ~on, · As ,the, radius of the cation docre~ses., the .. 

stability of the peroxide falls relative to that of the . 
< ; ' • . ' '. • • \ 

monoxides (28), as was indicated above. 
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Hi.ldebrand ,(29) ha13 studied the dissociation of barium 

:peroxide _s,nd i'ound t}:lat, .. the _ dissociation depends ,on the 

presence .of small quantities of water and that a rather large . . '. . '·· . : ' . . . . . -,. ·-'. ' j .. : . ., . •- ., 

solid solution range complica:t,ed the determination of the 

dissociation curve.. Blumenthal (.30) has studied the thermal . ' . ' . ,_, , . · ,· :· . ' . · .. . · _· · . ' ' 

decompe>si'liion of calcium peroxide and found it to pe reversibleJ 

this is in disagree~ent with the war_k of Fischer and J>loetze 

(27) previously ,cited,. 

The alkaline earth peroxides show a decided tendency to 

;form hydrates!' These peroxide hydrates are formed from the 

hydroxides .of the me~als and hydrogen peroxide, by,the ·addition 

of N~o2 to solu1;,ions of th~ salts of the metals., or by pre-

cipitation or solutions of the salts containing H202 'With 

ammonia {.31). There are tw<;> distinct types of these compounds. 

The hydrates peroxides, M02~xH2o, usually contain eight mole-

cules of water of hydration. They .form pearly scales which 

lose their water without decomposition if carefully heated 
i 

and 'which are slightly more soluble than the metal hydroxides. 

A second series of compounds are formed containing hydrogen . 

peroxide of crystallization with the type formula M02«H202• 

Most .of these contain two molecules of H202, though a barium 

compound containing one molecule is also known. They are 

formed in the cold when concentrated H2o2 is used, At higher 

temperatures the peroxides are obtained free from both water 

and hydrogen peroxide. 
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It has been f<'.>~q that ,Bao2.n2c,2 deepens. in. color upon 
\ ,, . ' 

standing, especially -i,hen exposed to ultra-violet light, and · 
:1 

then evolves oxygen upon, ·treatment vdth water-. . The change is 
:, 

attributed to. the formation of :sao4, although the com.pound 

has, not be.en isolated in the purer state. These colored com• 

pounds cari best be ma.de by the action or .30-percent H2o2, 

o:ri the hydrated peroxides. By this procedure Traube and Schulze 

(~2) :Were able to .-prepare mixtures of about 8. 7 per cent -

cao4 in Cao2, · and, about 8 per cent Bao4 in Ba02 •. Presumab~ 

the 1. low yields were, due to the decomposing . acticm of the v1ater 

present during .formation of the superoxide. l{agnetic studies 

on impure cao4 (3.3) demonstrate the existen.ea or . the , o2- ion in 

this compound., thus_proving thesimilarityor t.h13 highest o:xi.des 

o:£ the ·alkali and alkaline earth metals. 

Discussion of Previous Work 

It has been shown that Joannie (12) claimed to have 

prepared Na2o by the o.x::1.dation or ·a ·solution of sodiumin 
3 ' 

liquid ammonia at :...50°. · Insufficient data were . presented to 

substantiate this claim as is shown by the following. This • 

author advanced two .arguments in :proof' of his claim of pre• " 

paring Na2o3• The • first was that · the product. liberated oxygen 

upon treatment with -water and was transformed -into N¾02''6lii0• 

No analytical proof o:£ this was · given. It must be remembered 

that it is almost impossible even to add water to Na202 without 

the liberation of a noticeable amount of oxygen. The undecomposed 
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perorlde w~uld presumably .form the octahydrate. 

The second point of proof was the analysis of the productJ 

these analyses, however, depend upon the per cent by weight of 
. " . J 

sodium in the compound, as the percent of oxygen was calculated 

by difference. The slow oxidation .of sodium in llqui.d ammonia 
' . . 

gives NaOH and NaNo2 in the ratio of 3 to l or a mixtu,re .o~ the 
. ' . . .. . ' .. , 

empiri7al formula of NaJi05NH:3 mu.ch contains very nearly . the same 

per cent of sodium on a ·weight basis. as ~oes Na2o3• ·. Thus tlres, 

analytical data are practically worthless. The claim is further 

invalidated by the author's statement that the initial compound 

(N~O•NH:,) may take up two more equivalents_of oxygen to giv~ 

. the Na.203• This is, obviously impossible _as undoubtedly the 

Na2o•NH3 was in reality a l to l mixture of N~OH and Na.NH2 as 

was shown by Whyte (14). 

Also there are reasonable grounds for doubting the claim 

by Kraus and Whyte (13) that Na2o2 is the product formed by the 

rapid oxida~ion of' sodium dissolved in liquid ammonia at -330. 

The data give~ are rather scanty and the only proof of the 

composition of the product £ormed is the amount of oxygen absorbed 

by the sodium solution. Further, this claim is in disagreement 

with the findings reported by Whyte ( 14). 
' . 

Because· of these apparently conflicting data an investiga-

tion was begun (34) to determine the oxidation products of 

sodium in liquid ammonia. No single definite compound (or 

compounds) was found as the result of this work. It was found 
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thoUgh that ' bypaesing oxygen gas through solutions of sodium 

in liquid ammonia at .about .,).77° that a product was obt~ined1 
i • • ' • : " • ' • ' .. • 

which upon analysis, was ehov.rn to be bl3tween Na202 and Na203 
i~ composition. The r~sults, however, were not consistent J 

hen~e the oxygen uptake of sodium in liquid anunonia at -77° C 

vras studied quantitatively. This in turn led to a series of 

attempts to form the higher oxide by burning the sodium in a. 
spray of sodium--liquid ammonia solution. · Finall;r' from this 

developed rapid oxidation studies in which a solution of a 
; ' . ' ' ' ' . ' 

metal in liquid ammonia is passed · slowly into liquid ammonia 

tbrough"-11hich a stream of oxygen is passing. 

These last three phases of the investigation are the subject 

of this thesis and will be presented in chronological order. 
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Experimental Methods and Results 
' ' 

<??5reen Absorption .Studies~32erimental 

The apparatus einployed (Fig.·· 1) i$ suitable for use , only 

at t~eratures at which the vapor pressure of' the solvent :, 

bas a kno~m, moderately low value. The 'volwne of gas absorbed 
' ' . ' ' 

by the solution .can be ,'oaiculated from the observed ' change in 
. . ·, ' • ' . ' 

volmne in the gas buret CJ : if the reaction is not too rapid,. 

it is possible to determine its rate. 
. . ' 

· A sample of S?dium. o.f the desired size is cut in a dry-

box c~ntaining phosphorus pentoxide~, ,T~! .. metal is placed :l.n 

the'; t~ed sampling. stopcock O and the plwi°' is rotated. . After 

the ground glass cap· has been rep1ace_d over th'e , male joint·, , 

the stopcock is removed from the .dry ... box and weighed. The 

sampling stopcock is then placed at the point shovm (Fig. l) 

in the system, which has been previously dried by flushing 

for a considerable time with anhydrous (dried over. sodium) 

ammonia. 

The system is again flushed with ammonia, the stopcock 
( . . 

J is closed, and the , r~uired voluma of' .annnonia is condensed in 

the reaction call, F by means of the cold bath E, T1hicli 

consists of .a mixture of equal volumes of_carbontetrachloride 

and chloroform to which dry ice has been added. The temperature 

of this mixture, with which the reaction cell is surrounded 

during the process of oxidation; as well, is between -77° C 

and.-79° c. 
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When the· ammonia. has been condensed, o~eri is permitted 
' . . ' . . . . 

to enter through thedryi.ng tubeB, which .contains anhydrous · 

magnesium. perchlorate:, · until the buret er, is almost filled. The 

system is then isolated by closing the stopcocic ·ab~e the drying 
. . . ', ·. • .. 

' . . . ' . . . ' . . .• . ' _. ' . . " ' . . tube. · At this point, vn. th the . eccentric pump turned ~n, oxygen 

·trom the· buret is forced through ·.the reaction cell . and . is 
, ; ' ' . . . . 

collected iri tho reservoir I. With the ma.nipulat:ton of .the 

appropriate stopcocks the gaij '1.s returned to the buret, and. . ' .. ' : .. .- . . ' 

the cycling process is then repeated until the oxygen and the 

liquid , ammonia are . mutually . saturated. D~ing :the . cycling .. 

process . and throughou.t subsequ~nt operations, the level of the 

cool:i.Ilg liquid on ' the reaction cell :i.s kept' as nearly constant 

as possible in order to avoid changes . in oxygen volume. This 

is necessary because · the sampling st~poock cannot be · covered 

by the cooling .bath. 

Once the .initial. static volume in buret Chas become 

constant, the pump L is turned on, and with the proper adjustment 
' . 

of 'stopcocks., oxygen at a rate 0£ 850-900 c.c. per min, is 

cycled through ·the reaction cell. ·. (.By regulated clamping or · 
the rubber tubing leading to the pump, the rate of · oxygen now 

may be adjust~d to any desired ·· 1ower val\$. ) By turning 

stopcock G the sodium sample is dropped into the liquid ammonia. 
. ' . . . . 

The system is kep't at approximately atmospheri~ pressure during 
• . , .. , - I '.· . , . . ' . I ·-. . '. ' ' . 

the oxidation py raising the mercury leveling bulb of buret C 

to continually higher levels as ;the oxygen is consumed. When 

the oxidation has proceeded to the point where there is no 



longer any noticeable change in the. mercury lev_el. in the 

buret., the pump is turned off, the system permitted ·to coma 

to apparent ,equilibrium, . and the final-static v,>lwne obtained. 
' The change in volume. is then corrected. for te,mperature1., pressur~, 

and tha vapor ' pressure of liquid ammonia. to give the standard 

volume of oxygen absorbed by the known weight of sodium, 
. . . , . . 

After 'the absorption data have baen ·obtained., the cold bath 
' ( ' 

is removed. and'ammonia allowed to boil off through the trap K 
. . . ' . 

to tha waste jars. A slow flow of oxygert through the reaction 
I .· , , , , . . . . . . , · . · _ -· .. . · ' 

cell .is maintained . during the removal · of ammoniaJ this sweaps 

the last .··. trace$ of am:nonia from the · system1 · thus preparing it · 

for the anal;y13is, 

For .the analysis, the cell, now cooled by an ice~water 
. . 

bath, is cormected with the measuring buret only, and both the 

cell and th~ bur'et con-~ain oxygen at atmospheric pressure. A 

10 :ml. portion of catalyst 'solution (to be described below) 

·1a added' !rom H and .the cell~ w-ltlch is connected to the rest 

of the . system: by mearis ·of T~on tubing', is shaken to htisten the 

daco~ositi.on of' the ·oxide · (br oxides); ·the _quantity of oxygen 

liberated is_ calculated from the volume change _in the ·buret. 

The :daconipos':ttion ' of. the cold, di.lute, ·aci'dic . solutions of . 

hydr'ogen peroxide_, formed upon the· addition of acid to per ... 
' . 

oxides . and superoxides of the , alkali metals, i~ catalyzed by a 
' ' ' . 

solution which is o.6mola.rwith respecttohydrdchloricacid 

and, 2 molar With respect to ferric chloride. · To CQl'rect for 
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the volUIII$ change due to the addition of the catalj'st, a blank 

run is ma.de with no oxi.de present. 

' Absorption Studies - Discussion of Resu1ts 

· Some twenty-seven runs were made on this · apparat,us of 

which twelve a.re . reported in Table I. The . runs not . reported 

' include the first dozen or so which were necessary" to develop 

the apparatus in. the form in which it is shown in Fig, I• 

The first run was made with no pump in the ·set up but · the work 

involved in handling all the mercury necessary to cycle the 
' . ' ' . 

oxygen was too great. A pump was designed and tried but was 

not satisfactory, then the model. shown was built and proved 

to be adequatEt £or the job. 
' ' 

The next problem encountered was that of gatting a knowr .. 

weight of sodium into solution in the··annnorda in a •short length 
' ' ' ' 

of time •. ·· In the first fGW runs a short length of glass tubing 

(4mm.) containing sodium was dropped into the ammonia at the 

appropriate ti.me. This was found to be unsatisfactory as the 

sodi'Wll shows a decided tendency · to form some sort of compound 

with the liquid anmonia at ~77°. 1'hus a dark blue insoluble 

precipitate would form in the glass tubing and was found to be 

most difficult to remove, As a result of this difficulty the 

sampling stopcock O was designed and proved to be quite 

satisfactory. 

Another source of difficulty was the rubber tubing in the 

pump. · Gum rubber tubing was found to be the most satisfactory 



Table I 

The Qxygen Uptake of Sodium in Liqui.d Ammonia at .. 77° c· 

Ha,g. Dilution,cc. •°'2flow,- cc./min. !!Etake2cc • . (STP} ,% o:r ·theoret.ica:L . A~ses - . · NH3/g.Na · * Calcd. i'or. ·•.·. · uptake· ;_cc. ·02(STP) llber-
Napg . Obs~ . ated 

calca'..?o:ii - - · 

.Na(½ : Obs. 

0.0266 380 BS0-900 25.9 23.3 90 19.4 
., · ' :Jh~a 

.0235 JBO 850-900 22.~ 21.0 92 .11.1 9.3 
.. 

.0428 430 850-900 41. 7 35.8 86 31.2 ]5.9 . , .... .o616 680 ·7~0-:-750 59.,9 51~3 86 ·45.0 22.3 ; , 

... , 
.03i1 760· ca. 150 30~8 26.2 65 2J.l. 12.1 · 

.33.4 
: 

.0J43 770 ca. ,l.50 3q.9 9:3 -·25.0 12.0 
' 

I 

.0279 ' 810· .85~900 27~1·· ?4•? 90 20~.3 10.1 , 

.018.l :1200 8$0-900 17~8 16.0 90, 13.4 T.:3 
' 

, • 

. 15.5 
.. 

.0213 1240 . 20.7 .. 18.7 90 8.9 

.9163 1780 :a.so-900· ~5.8 14.4 9i' ll.:9, 5-6 

.0293 1830 850-:,900 . 28.5 24.9 87 21.4 ll.9 

.0191 2490 850-900 18.6 16.8 90 1).9 6.9 
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for this use, but it had to he replaced frequently du.e to · 

excessive wear cauaed by iJnperfections in the construction of 

the punrp. Aft_er each change of tubing the first run made was 

fou.nd .to ·be .below' average • . Apparently this waa ·due to insuffi-

cient drying or. removal of organic vapors £roin the rubber before 

use • . 

· After these and other minor problems had been worked out 

th$ data given in Table. I were collected. 

'!'hese data shpw that the s()dium-ammonia solutions pick 

up nearly the quantity of oxygen needed to form Ma()a. Vfuen 

these data were published (35) it was concluded that Na02 was 

formed at -11° but that it decomposed ln the prooess of boiling 

off the ammonia at ~.3.3°. This was as13umedto be the case as 

Kraus and Whyte (1.3) had stated that only slightly impure Na202 
- . ' . 

is formed in the rapid oxidation of sodium at -33°. By 

comparison with the potassiUlll oxidation then, one would expect 

to get a more nearly pure oxide at the lower tempera.tureJ thus 

the possible ammonol:ysis of the oxide at the lower temperature 
' i . • -~ 

was not taken into account. ~his assumption of the va.lidi ty of 

Kraus• work was not justified: as will be shown later and leads 
I 

to the incorr~ct interpretation of the absorpti<?n data. 

From the work reported later in this thesis it is apparent 

that Na.OH and NaNo2 were formed even at the low temperature. 

Nevertheless Na02 must have also been formed and it accounts for 

the analytical data given on the final product, as appreciab~ 
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more oxygen was liberated than can b~accounted £or otherwise. 
• I . . , • 

Spray· a!ld Evaporation studies ..... ~erimenta:t. 

With the completion of the absorption studies on sodium. 

some explora~ory e,:xperiments were begun in an · a.f:i'ort to devise 

nmv ways to make the superoxides. One method in particular 

ltas thought to •have . exceptionally good possibilities; in this 

process a meta:J.-ammonia ,alution is 13pr?Yed into an oxygen 

atmosphere., Essentially, this should give a low tei11perature 

'burning of :the ·metal -which 113 desirable as it is thought·.that 

burning · ot th_e metal vapors directly , heats --the produ(?tS above 

the · decomposition ·'temperature of .. the ·•superoxide,. Further; 
' ' . ' ,, < 

by this . method; it should be possible /t~ control. . thi temperature 
' ' ,: ' ' 

of burni~ to_·a cer'tain extent · by varying the ratio of m~tal 

to liquid ammonia. 

Att~~ts were also made to oxidize tha metal ammo11iatas 

by a mixture or oxygen diluted with ·gaseous ammonia •. A few 
mi.llilit~rs · of liquid ammonia were . condensed in a . cell similar 

to that ;hown in Fig~e I; n~xt the metal sample was .added an.d 
' '. ' . ' . . . 

the excess ammonia boiled off · leaving a gold colored product 

which was presumably the ammoniate of the metal.· Then a 

mixture of air and ammonia or oxygen and •onici was passed 
. . • ' · ! ., · . . 

over this and the ammonia . thus removed and the metal. oxidized. 

Of course this 'procddure can onzy be used With the 'metals that 
' . ', . ) . ·;. . " ) 

form -ammoniates -- the alkaline earth metals :and lithium. 

Several puns \'fare macie using calci~ _but the . prQduct obtained 
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was usually blue to pink in color. In some of the runs hydro-

gen was known to ~ve been. evolved during the analyses due to 

the presence _of uno:x:idized metal. In four runs which yielded 
' ' 

a pink colored material the analyses indicated products which 

liberated, 6, 8., 9, and 10% as much oxygen as theoretically 

should have been liberated for the known weight of calcium 

in the. form c,£ ~ao2• 

Only one run was made using lithium as during the oxidation 

process a rather sharp explosion occ:urred which shattered the 
' ' 

reaction . cell. lt is probably that .this was an ammonia~1-.-ygen 

explosion 1.nitiated by , the burning lithium. Later experiments 

with soclium showed this to be quite a co1mnon occurence unless 

the composi·tion of the oxygen-ammonia mixture is kept outside 

the explosiva limits. 

As this line of investigation did not appear very promising, 

attempts were mada to perfect the spray process previously 
j ' • ·' 

described. Beca1,1Se, of' the nature of ,this process, ,it was found 

most difficult .to work with on a laboratory scale. Tha oxide 
. ' 

. formed by' this .method would be expected to be light, and in the 
. .· . ' ·- ' . . ' ' 

gas volumes. necessitated, would be very hard to collect. 

Because of th~ characteristics of the oxide aµ moisture must 

be excluded, not only during the synthesis of . the product, ·but 

during any subsequent handling necessary before analysis. 
I ' . ' 

First an att_~mpt was made to spray the metal-ammonia 

solution into a small reaction c.ell in which the o;xide . could 

afterwards be analyzed. The initial trials were made with a 
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hypodermic syringe which was thrust thr<>ugh' a rubber cap and 

by means of which the solution was sprayed into the reaction 

cell through which' a stream of oxygen flowed~ · · This experiment 

was not completely successful, hov1ever,, since the spray -vra.s · too 

coarse and the 'ammonia did.not avaporatQ _quickly enougnj ·the 

liqb.id struck the opposite side of the cell where the !Ullmonia 

evaporated and allowed the sodium to oxidize. Nevertheless 

this gave promise _of yielding the superoxi.de because .a yellow 

color was shown 'by the oxide soproduced. 

In 'an effort to obtain a finer spray of liquid a.Kantleek 

medical atomizer, such as is sold at drug stores for nose and 

throat medica.t~on; was obtained• Thia . was. mounted through a .. 

rubber stopper' in a ama.ll Dewar flask with the Je_t en.din a 

four ·li.ter three necked flask through which oxygen was passing. 

By means of the .atomizer bulb s_odium~onia solution from th~ · 

Dewar was sprayed intQ the oxygen atmospheI·e in .the flask. 

In the initial. attempt the spray became clogged and it was 
. . . 

impossible to get even spra:yingJ in spits of this ·difficulty · 

some yellow product was obtained. In the next attempt oxygen 

was passed thl:ough the atomizer and although soma plugging of 

the atomizer occurred a good yellow product was obtained. 

Finally 'the tip became pl.ugged., was ·removed., _cleaned and 

replaced., and after starting the atomizer again an exceedingly 
• • ' ' ' j . ' 

. sharp explosion · 'occurred. No glassware was broken but the 

operator' a hands were burned. Apparently the ••. oxygen-ammonia 
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was caused to explode by burning . metal as had· happened '.before .• 

Here ag~in th~ ·o:ddi!tion· did .not tak~ pla~e in thE3 vapor 

phas~, but the spray struck tlie side 'of the flask ~here the 

ammonia evaporated iand' ,tl:i.e metal was o.xidized,. Al.though the 

experiments were not completely aucces~ful; the yellovl · color 

o,f the product indicated that this method was worth investigating 

.further.. 

NeJ-:t a piece 'oi glass tubing two i~chea in diameter and 

sixtee~ _inches' 1ri ie~th w~s ~dapted a; ta burning chamber. 

The atomizer was £:1.ttaci ' into' one · end and Y~as opera.tad with 

oxygen pr~ss~a.·. 'The attemptsC ~ing this apparatus were . un-

succie~sful as · the tip became 'plugged vii.th sodium 'and'the· runs 

h~d to ' b1i discontihued. The Jxygen flow :reduced ., the pressure 
and thus p~led the solution up to ·. tha ·nozzle, · rus was necessary,, 

but the pressure reduction caused such ·rapid, evapora.t:i:on of the 

ammonia :t'romthe solution that tha' _inlet slots became plugged 

with sodium• 

The1~efora1 the atomizer was replaced by two hypodermic 

needles ;hich ware used toatoillize the ~olution. A small 

(#27) needle waJ pla.c.ed ;artically in \he tube ,arid ~o~ducted 

the solution from below. This needle opened beneath and in the 
,. '.: . :, ·• .:·· ·,'. --· ' ';,_ ·_ . ,. .. ' ... ,·,. ;' .· -··\· :'• •. ;, i' 

center of the. 'opening of a larger (#20) needle placed 
/!· 

horizontally in the center of the glass burning chamber 

previously described. Thia latter needle was .pressurized 

with .Ji ~m of mer~ury back pressur~ of·air.· By r~gulating the 
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nitrogenpressure on the metal solution theflow ,up through 

the needle could be controlled. Thi~ worked ,fairly well and 
, -, '' 

an orange-yellov1 product was obtained which was later lost 

when the ammonia gas burned and its oxidation products destroyed 

the oxide. .No explosions were experienced in this run but at 

three di.ff erent tinies during , the run flashes could be seen in 

the tube--tvd.ce they were small and barely noticeable but the 

third time the· yellow product , was destroyed. 

The sodium , solution used in the above run contained less ' 

than one-tenth. of a gram of sodium dissolved in 4~4.5 milliliters 

of liquid .amr.ionia. The flow of solution was internli ttent due 

to .heating up of the, solution .pi the· capillary; tubing and \i€!edle. 

Tvm runs were ; ma~ pressurizing the large needle rl th 

oxygen but in, both ca._sea explosion$ occurr.ed. In an attempt . . . . ' . ' . . . ' 

to prevent such explosions the oxygen was dilu,t~d v1ith gaseous 

ammonia. Trouble was also experienced, With plugging of the 

lower needle. 

In using this apparatus it was observed that the yellow 

product formed Whan drops of the solution hit the walls_ of the 
·, 

burning chamber allowing tha ammonia to evaporate with 
. . . . . ' . . 

simultaneous oxidation of the sodium. :tt was ~riginallyhoped 

and thought that .the evaporation and oxidation would all take 
·' 

·place before the solution hit the walls of the burning ch.amber 

but in such a small-scale apparatus this was found to be quite 

difficult to accomplish. From the color .o.fthe product so far 
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~btained this vapor 'pl1aJe · orldation

1

d.o~s : not se~ltl n~ce~sriry ', 

although in \ha:·dase. oi' . lithiwn and the alkalin~ ·earths it ; 
' . · l ,. ·_. ' ;) ' ' - ' ·-

would ·ba ~esirable 'becius.~ of the formation o·f ·ammoni~tes' by 

these metc+ls~ •it i's: possible that the ata.bil:tty· 0£ the ammoni'ates 
would prevent the dropwiaa oxidation of ' th~se, compounds. ' 

.. ,. DuE,t to .the . manner in: which the· sodi.u.~ ~as oxidized; irt th.E) 

a~ove ·experim~nts. it was decided to· make the metaJ.~onia 

solution in o~ · cell :and to run. it slowly into a . second cell 

:}through ; which oxyg~'n':1vas passing· so that· 'the solution ,wo~d . 

eiaporate and the meta:L' be oxi9i,zed. ~he'· 'i-aac~i'on ,0~11· could 

'then be · disce>ilne·ctad from the solution cell and th,(3 resulting 

product· aua.1:tzed , in 'the . con;entional rray.- The ; metho:d of' 

analysis .had .to·· be modified slightly, ' ho-vrever, . as· 'a knovm·_·. ·.· 

weight of . sodium could not be ·used.; A 'watar-Mn02 'suspension , 

,vas used tti catalyze the oxide decompoait:i.on and· subsequent 

t:ttratiori with standard acid was tiSed as· a · nteasure of the 

. amount of sodium in the product. Thus the composition of the 

o:dde could .be ascertained. Using the ·acid' .titration .as an 

indication 0£ the .:a.mo~t o~ m~ta.l ·in ·the sample,, the a.$su..~ti6n 

is made .that ·all the metal i~ present .in the form of the 

hydroxide, som.e. one' (or more} of the oxides, or possibly the 

amide. In at lea.st one ruri the final residua gave · a positive 

qualitative 'test for · nitrite. · In several' o:( the runs the 

color of the product· might have b~ert due · to amide. It is seen · 
: ' . ' . . ' 

that the•oxi.dation: products of ,theamide may be .present.anp. 
' . ··. . ., 
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would affect the accuracy of the analyses, as any nitrite or 

nitrate present would not be titratable with acid and thus the 

apparent yields would be high. With an increase in purity or 
the oxide, the analytical accuracy would increase proportionally; 

Several runs were made in working out the details of 

this evaporation process. In the first few runs i~ was t~ought 
. . . .. 0 

.that the sodi~ammonia solution should be kept at about ~78 
so th$ solution would bp reasonably cold during the evaporation. ' ~· ' ' '•· . ' . ; 

Eventually it was realized that it made no difference whether - . . ' . the solution was kept at .... 78 •or a.t the boiling point as it 

was warmed up to the boiling point· while . being .forced into . 

the reaction cell in both cases~ Therefore in the later rUI1$ 

the metal solution was kept near its boiling pointJ the 

temperature was so adjust!3d as to just r orce the liquid over 

by means of its vapor pressure when it was so desired. 

Another reason · ·ro; keeping the solution at -33° . or there• 

abouts was that at -78° and even at -55° the sodium metal 

showed a definite tendency to form a -compound with the liquid 

ammonia. At both these temperatures a blue precipitate was 

formed and stuck to the sides or ·the solution cell as the 

solution was being removed during the course of a run. At 

-33° this was not observed. 

A number of runs were required to determine the best 

temperature at which to keep the reaction cell. No bath at ·all 

was tried, as' well as a room temperature water bath, an ice bath, 
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M~ an ice-s.alt bath • . It was finally dec~de<i that. a room 

tempera.tu.re .w~ter bath was at .least as good as any other. 

With such a bath the ammopia .was evaporat~d quickly, thus 

g:i.ving • a r,ather rapid oµ.dation whi~h see~d. desirable". ··. Aµ 

the later runs vrere made u~ing a room temper~ture :water bath 

on the reaction .ceU!c . 

. It was also thot1ght that the: design of the reaction c~ll 

determined., · tq cer.tain extent ... at· least, the . yield .of the. higher . 

oxide, In ~ome runs tl1e solution .was sprayed in:tC> .the cell 

through ,a restricted . nozzle. Later ii; was ·decided t~a:t, a ,Qetter 

product :,ras ,obtained by allowing the solution to .trickle dawn 

the side ·.o! the cell.. ,This allo'\ved the. sodium to remain in 

solution whil,e being oxidized and·. then the ammonia ; would 

vaporize leaving the yellow to deep , orange colored : product ·· 

behind. 

In ,this series o:r runs, trouble. ,ras experienc~d periodiqally 

with .explosions, or .,burning . or ammonia · in· .the reaction cell, 

which ruined the product. Air-amnonia .mixtur.es · were used part 
of the t,ime with J3ome success, but eventually it W&$ found; more 

convenient tc, use ,oxygen .... ammoni.a ·mixtures c,f kn()lm cc,ncentrations. 

Two •orifica ·flowmett)rs were calj.brated .bymeans of a'(fet test 

meter and these :were used i;o adjust the ratio of gases and the 

volumes necessary .for the satisfactory oxidation of the. ammonia 

solutions. In a aerias of runs it v1as· found ,necessary to use.•. 

less .than,four per cent oxygen in ammonia .to obviat~ a:rv·. 
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possibilities . of the , a.'1Il'l10nia e.x-ploding or burning~ .In the 

later runs a three per ,: cent mixture. was used with a total flow 

of gas of about t..vo to two ·and one-half liters ·per minute· 

passing through the reaction cell •. 

SI?ray and Evaporation Studies ..... Discussion. of , Results, · 

·· A total of .. twenty-two runs were made . by the. evaporation: 

process using sodium metal. - Seven of ·-these runs were c:ompleted 

success£ull.y and analyses on the product obtained. , Tlle accuracy 

0£ 0 theseruns is probably-not very great .but the -yields, 

reported as per . cent Nao21 .are given below. The only signifi• . 

canceto be attached to these yield values is that they 
' represent . the percentage o:f the theoretical. amount of oxygen 

calculated for .pure euperoxide actually obtained -from each 

product. As indicated abovej any sodiunt present as nitrate or 

nitrite would not be ti tratable and would give abnormally high 

peroenta.ge · yields • . · As N"t2~ · gives ·.off . cma third. as: much · oxygen _ 

as ,Nao2 for ,equal amounts .. ·of ·sodium, .. it is seen. that any yield 

below 33:t ,indicates ths:b , ~uhe -average compo3ition is less than·• 

the peroxide ao ,far as available oxygen is concerned • . 



Run No. 

3 

•. 4 
7 

.8 

14 
.l~l, • 

22 . 

Yield 
(as Nao2), 

. 49% 
20 

19 . 
i2 
24 . · 

23 
:1f ·, 

• By the same procedUX".~ one run each was mde with :lithium, 
,calc:l;um, .barium . and strontium. · The ·lithium artd ' barium runs 

were completed . success.fully and analyzedJ the ·analyses indicated 

9% l'..½02 • and 25% Bao2, . and in both cases , tha product was white 

in color. .In the calcium run · a 'White product was formed at 

first . but toward the end of. . the run the ammonia ta, which had 

concentrated in ·the bottom of the solution cell, came over too 

.fast and waa not completely oxidized, thus spoiling the run .• 
' !ntha strontium run some .of the ammonia vaporized off the • 

solution in the -capillary tubing thus plugging it with a golden 

colored product~ :.tt was · found impossible to force this out or · 
( . : 

the capillary at moderate pressures so the run was discontinued. 

From the.above .data it seems probable that the prQduct'ffi 

each case was a mixture. The yellow color indicates that . 
.' '.- -

appreciable quantities of the .auperoxidawe:re present. The 

analysis of Run /13 also indicated superox:1.da. Mixed with this 



.·43 

.au.peroxide one:would expect some nitrit,e·, -hydr~xi.de, and in some 
) t· . ' 

cases· possibly peroxide ,and perhaps :even some tilnide.· 

Thus the 'iridicatiol1$ are that so~ bf the same ;products , 

were· ·obtained in thi$ · series of runs that have been previously 
I 

reported by · the slo,v (and £a.st) oxidation of . the metal ammonia 

solutions. This ·suggested a reinvestigation of these·studies, 

the·results 0£ v.hich·are given in the next section. 
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Rapid ·Ox:ldatiori· 1n'Solut£6n 

The :early· ?10:rk on ":the 'rapid ox:tdation : 0£ sodium. fn' l.iqtti.d 

ammonia: suppoaedly ptoved :t11at · Na2o2· was · the highe:s't oxide · 

formed ·under- 'such conditioIU3. The experiments indicated 'in· the 

above sections: ueemx)d ,:,t0,, shQw .that ,this; might not · be true. 

With ,the· absorption. apparatus · it ·'"is :1mpoasible to .. stti~ 1 

the, ~xygen. absox•ption at. the .,, boiling po:i.nt of · animOnia' due' to . ;'.· 

interferEinoe of thei ammonia 'va.por. This :apparatus {without the 

pu.np) was I hQ\Vever, : Used to' make a s~ie$ of runs in v1hich ·th~ 
sodium-anmioriia 'solution 'was 'kepi{at .;.30~ to •3$0 with 'a dry :L'c&-.-

solvent bath, : ;Oxygen was ' passed through 'the 'solution 'at 'a :rate 

ot ab~ut ;60· 'cc/min. in. this series 'o:t x-unt». 'From' the ]mown ,, · 

weight :of · sadium and the amount ·ot oxygen 1 liberated· tipon adding 

a : catalyst solution ·(1 M 1in·Hcl, 2 i in F~c13) an indic'a'.t:Lon 

· wa$ · gi.ven ·or 'the composition 0£ :tha 1produc~. . :In . such a mariner '· 

the .following data vter:e . ·c·ollaeted. 
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Run · Wt. of Na. · •NH3 •vol. • 0 Dilution . Analyses . ;( N~02 
No. . (grams) ml_ • . at ._ ... 33 . ml. NH_,/g.Na o2 :Evolved .(ml) Indicated 

27 
28 

29 
30 

31 
32 

33 
34 
'35 

. . 
36 

• 0498 
.6664 , 
.·066'9 ' 

.01,5 
. I ,· 

;0593 
.0129 ' 
.0820 

.0272 
. ;,, ... ~: J• 

.0.342 

··Joh21 

9 
]J 

17 
:14 

I 

14 
·2a 
3) 

29 
3) 

ie · 

180 
. 190 

·250 

180' 

·240 · 

· 530 

400 
1100 

970 ' 

·13,0 • 

Cale. f~ Obs. 
Ua2o2 . 

1.2~1 
16~1 

J.6.3 
1a.·5 
J.4.4 
15.l. 

19.9 
. 6.6 

a.j 
io.4 

7.4 
13.2 
14.4 
i3.6 ' 

11~4 
12.9 

20 • .3 
·s.o· 
4.5 
ll.9 

161 

':82 

,: 88. 

74 
79 

117 
. . 

102 

1:21 

1.39 

115 
Although these data are 'not Vf:1ry consistent they do definitely 

show that Kraus was ·wong in his claim 'that· Na202 is the highest 

oxidati~n ~od~ct of 'sodiwn ~t ... 33°. . This . i~ . i~dicated by th~ 
color of the product (mixed white and· yellow) . as . well as by 

' ' . . \ ·' . . : . 

the analyses, since in one-half of the above runs mor.e oxygen 

was evolved than could possibly have been liberated by the 

peroxide. Thus f ormatioti of the superoxide is indicated. · 
. . ' 

The above data also seem to indicate that the superoxide 
. ' 

reaction is favored by increased dilution of the sodium. The 

larger the volume of ammonia that one s~ts with the more 

oxygen is immediately available for oxidation. As oxygen . is 

quite soluble in liquid ammoni~, it is seen that 'this might 
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• . . . I 

account i'or . the greater tendency of the superoxid$ to be formed . 
. ' ... . ' . i' , : . . • 

in more dilute soiu-ti6~~ .. . Ju{ w~s shown previously ·there are 
' ' ' ' , · • • ' , ! • • -• · ._• . • ' . . , ' ' f 

undoubtedly two 'competing reactions in such_a _ system • . On. the . 

one hand there is the oxide formation arid oxi the other , the 

amide Jorma.tion; the latter eventuall.y 'gives :, nitrite. and 

liydrozj.de under oxidiz~-conditions. · 

I~ would seem then that the b~~#)way to,, insure the oxide 
' . ··/{fi~t~·:.·, "i:t' 

reaction would · be ·to-· qxi.dize the scitil.1iiu by . dropping it , in a 

sui"ficiently- large, volum,e of liqliid annnonia1 .saturated 'With . 

~:xygen, so that the _· reaotion would be · essentially instantaneous~ 

This i~ no:t ·a. practicable method but the sa~e effect 'is obtained 

by llleaq.s of the apparatus shown in Figura .It. 

· This a.ppa.ratwii . is used ·by conderu3ing ammonia in both the ,. ; . . . ' . 

reaction cell }i' . (which may be_ thermostated at arty _ desired 

temperature between ... 33° and •78°) and ln the solution cell K. 

The latter~ in .this series of. runs, was maintained at about 

the .·boiling point ot __ liquid ammonia throughout the run. By 

adjusting t~e temperature . of the bath, M., the desired pressure, 

as indicated. by the manometer shown as N, can be. maintained 

above the solution. With the _ reaction c$ll :at the. desir.ed 

temperature, and oxygen bubbling through it the metal sample 

is add~d to the solution cell by · turning J. · By controlling 

the pinch c~.L the resulting solution ca.n be added at the 

desir-ed rate to the oxidizing solution, :in the, reaction cell F. 

With this method it was i'oµnd possible to add the solution 
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slowly eno-ugh so th;at .the · liquid ammonia in F retained its 

. colorless appearance except for the ltfugitive11 . blue color 

. seen at the inlet;. A's· a rttle this · color :persisted for only£ 

very short time as the met.iu. was oxidized almost immediately ' 

under such conditi.ons~ When the addition got' out of control, . 

a.nd the reaction cell .solution turned blue for ariy appreciable 

length of time, th.a · resulting ' product· showed a smaller oxygen 
content and .th~. final: solution· gave a positive (qualitative) 

test .for the nitrite ion. Thus the amide reaction was ·indicated. 

· Uter all . the solution is added the solution cell is 

disconnec.ted, the• arilJnonia . allowed to evaporate off ~d the 

final product analyzed by the method previously described. 

Here again :it was found necessary t 'o decompose · the · product with· · 

an aqueoua Mrio2 suspension, and to titrate the resulting solution 

With standard acid in order to obtain the · data necessary' to 

calculate the .composition of the oxide obtained. ·After titrat-

ing the solution it is boiled nearly to dryness and a qualitative 

nitrite test, made using sulfuric acid ,to acidify the solution 

and than adding i'errotis sulfate solution., A green to brown 

color .indicates the presence of the ·nitrite ion. · The series 

of runs tabulated below were the first ones made by this methodJ 

these results justified the building of a larger apparatus which 

proved more .satisfactory. 



Run; .wt .. , of , l-ta , 'remp~, of · , .. .. 
Mo~ · (grams) . Reaction cell 

. Analyses % Nao2; .. o2 Evolved (ml) . Indicated 
.Cale • . far · (from titrati9n) . _Bath 
Na()2 Obs. 

l .0()96 Unthermostated 6.9 2.7 39 

2 .-0303 ft ,22.2 12.6 57 
3•;! .0335 

,, 

" 24.3 13.l 54 

4 .0503 n 36.6 18.3 50, 
.o612 , 0 ·~?() 

: 

;to -35° ·44.6 28.8 65 
, , 

6 .0414 •30° ,to •3 ~o 30.3 14.2 47 
' 1,;. 

7 .0522 - -39° to .... 3.50 38.l 19.6 . ' 51 
: 

8 .0245 -3o0 ·to-3.5° 18,0 1.3.1 73 
i ; I. ,, 

9 ,,-0276 •30° to ~35° 20.1 
·' 

14.5 72, 

As, J.3%. ~ao2 co:r:x-,espoll;ds .to .the composition -~a2o2 __ (as f~ 
t '. ' ,, ' · • - , , I , ; ., . ·. ,. ,, , , ' 

as O liberation is concerned) it is seentb.at a.llnine of tl),esa 
' ' 2 : ·, ' ; : : ' ! ',' , · ' '. . ' ' ' ' ' ' ' ' ,' , · 

runs · yielded a product with more available oxygen than is found 
• . , ' , r ' • ' , 

• ' . ·, ' • ' ' I: ', • , • , ' 

in the peroxide.. Fll:t'thermore .the last two runs indicate a 

product containing more oJCygen than is _availabla in -Na2o3• 
' . ' ' . · , . . . ' i 

Thus . . it seems likely: that Nao2 may _be prepared by this · 
1, • ' . ' ' , '• 

method. No testis for nitrite were ma.de on thes.e ru.ruJ.' 

:In an attempt ,to improve the product this. apparatus was 

rebuilt w:I. th a reaction cell of 140 ml. c,apa.city; the volume · 
' ' ·, 

of the solution cell: was about 90 ml. With this apparatus more 

dilute solutions could be used thus favoring .the oxide reaction. 

With the larger volume of amnonia possible in the reactio~ cell · 
' ' 

it was hoped that tho metal solution could be added Without 



coloring the reaction solution. In most 0£ the runs this was 

i'oun~ poesible. The .following data were obtained With thitJ 

modified apparatus. 

Run 
No. 

1 
2 

3 
'-"' . 
5 
6 

Wt. of lta temp. of Reaction 
(grams) .. Cell Bath . 

(from titration) 

.0478 

.Q,91 

.0492 

.04.5.3 

.o4l2 
. • 0580 

Unther]IN)tlta. t~d 
lt 

n. 

Untherme>sta.ted 
tt 

Anal.yssa . . % l1aQ2 ( 
02 Ev'olved (ml) ln~cated 
Cale. !'or · 
Na02 Obs. 

43.0 

35.9 
33.0 

. 29.6 

42.3 

20.5' · >9 
34.o 79. 
21.a 1a 
2$.7 7.8 ·., 

2.:3.) 79 

28.5 67 
Jri. tbio saries of runs the :.r1ret and.' iast runs y.i.elded a 

.l)roduct with appreciably leas a.;a.ilab~ oxygen than was i'ouncL:tn. 

the other rUI1$. In both theea case~ trouble was experienced in 
the addition of the metal solution to the reaction callJ this 

poor control :resulted in the appearance 0£ blue color throughout . 

the rea.ction cell liquid £or appreciable lengths of time. This 

difference in reaction rate is definitely reflected in the 

yield values. Attempts were Wide to get nitrite tests on the 

final solutions in these runs but because the solutions were so 
dilute the resu1ts ware meaningless. In later runs the solutions. 

were evaporated nearly to dryness and then satisfactory tests 

were £ound possible. 

The product from the above runs was predominantly yellow 



,53. 
'' 

in color with small but definite amounts or .white :material ' . , '. · . . , ., , ' ' .- •., . ,· . . - '. . ' \ 

.visible. 

In the n~ series of runs lithium. and calcium metal \Vere ::; :·, . ',', 

used a1:1 it was thought that at least .the pur~ peroxides or tlte~ti: · .. 
, ;, . ·, -, ·- .- . ' . . ·, ' ; . . . 

metc:1.1$, ~hou14 be ~ormed by the r~pid oxidation method. · The: 

£ollow:i.ng data were collected. 

·~un .. Wt.; C>i', Matal Temp • . of Reaction ·. , Analyse:, · .... ·• .. · % )?eroxids 
.~ ~olved (ml •. ,) Indicated. 
Gale .• for • . · 

No. (grams) . . Cell Bath 
(fr.om: titration) 

.7 
8 

9 

10 

n 

.()301. g. Li 
' 1 ·_ , 

.0128 ~- Li 

.oll.2 g. Li 
. · : 

.03~~ g •. ~a 
:-!. •,.,; . I I I ' 

.0128 g. Li 
···:· ·• - /,' 

I • • : 

Unthermosta.ted 
ft 

' 
. . 7t:10 ca.. - ;, :1 

Unthormostated 
' . . ' ' ' . ' t·. • , .· •, .·., :.t ,_, _,, ' 

. ' () 
oa .... 75< 

Peroxide Obs. 

10.3 

9 •. o 
. 11.1 

. 2.2 ,9 

. ;1..3 '·l; 
,2.8 ~l 

. ·.2 2 

1.7 · 1.7 
Frc>m 'tho above it ,is $eenthat there is a decided tendenw 

:,;·•;· •; d-.';: :_·t.:· ,::,;; .< ! '. ' : ' ' . ; ~- ::;, . · . . \ ~- . .:__ :\ . . . ., ' 

· fQr, J:.-1202 . to be formed under s~ch . circ'UUY3t~~c,e~.• .. . · T,he trit.~,/. · 
•· . f : .•I ·I . '._, · ! ,•,I.I ; ' , : ; ·_ ; . , , ', , .', ! . . i , • · ' ' ' ' ·• • ,' ' ' ' · ,· : '· ·, 1 •t 

. tests on the first two runa were unreliab1e but runs #9 and ,¥ll . 
. ;. ! :; ' I' ( ·; ' . - . ' : . ' . I ", '.· _,, .. - .·/ ' ,. ! . ,;,;, 

gav, -pos:1.tive tests for the nitr:tte, iop in sp~te ·of the .fact 
·' ': '., : ' :. ·;: .:_ : :-:·l:~• _, ', ' : ' 'i " '. ·: . ,_- I . .. '. '· '.. .:, ,4"·:>\ ',. ..- . . ' :· l · . 

. that the solution was added to th$ reaction oe:U wit}l good 
; '. . ; _.... • •• : : ; . ; ,- ; \ ' ; • -. r ' '_ • • • •.· \ • :-. . • . : ; : . • ; • • '. . ,! • _.:_ • ; ' - ~ ," • '· : ·, • • • :: 

cpnt.rol.. This might indicate that .. the amid~ reactiop. took 
'·, · ·. ' . :_ •. 1 ' \ 'J • • ' '. , 

place in the solution call. In these ·runs . the metal was 
• . i • • • I • • . • • , • 

dropped into the cell anclthe ammonia condensed on it because . ...... ·. ,. . ' . . ,, ·, ·, . ', ' , ·. ·' : . : .. __ · , . . . ' ·. , . . · -: ·: •- .. :; 

these . :metals . readily pi~k '.UP ammonia gas and gQ int9 s6lution) 
; ' ·• ' · •. · . ! ' . ' . .· 

~hflI'ef()r~ they \':an ~ot ba added after the NH3 is condensed as . 
is possible 'With sodium. 

In the calcium run no definite indication was given of th.e 



}9r~t;on or Oa.02 as .• the volume of oxygen liberated (.2 'cc) 

lilay \qell be within the e,q,erimental. error of the apparatus. The 
\, ' ' ', ; •. ',' .~ ! .. ' ; . "'- . : ,j. ' ' . ,._ ' .. . '. . ' . • . ' . • ' 

ni'.1:,ri-b~i, test was negative thus showing that the amide reaction :_ · ; . . . ' 

. di.d not , take pl.ace · to any great e~ent either. in· the solution 

cellQr ,d.uri.rig .tho. oxidation·process, 
:· -. :_- --.- < ·, . . ' .· : _,. ' ,; 

The sodium runs checked so consi~teiltly it wa.t;1 thought _.. ,_.. , - -. .. .. , ,- _ .. . '. . . . . . . . ' . , .. 

desirilble to. try a i'ew runs ,using potassiuni metal. because ·_ the;. 

oxidation products of . this metal in liquid ammonia are well 

lcnown; . 'thEise ·. runs were to be · uae·d as a check ·on 'the 'system ·to . 
,· ' J sea· i;f E1Verything was wor)dng right as it was ·som9'What puzzling 

! : ~· , 
( • y; . ' • . ' .• 

. that consi~tent results could be obtained with a c0111positi1;m i~ss 

than th~t of N~o2• The following data wer~ obtained. 

Run ·wt • . of K • · · Analyses . % XO . · 
No. - (grruI!.$) , , o2 Evolved {ml) Indicated 

·.04]3 

.'.0$17 . '..,' J ·; I 

' .,;.1.22 •'-14 . 

· Cale. · for · · 
.?K02 , ' . Oba. :. 

11.a 
,22~'2: 

:[3.8 
·· ':t:9,8 

:i.f •.'0497 ' ·20_ •. 8 .· . 19.;,2' ,'' 
. " ) . l - . . ', ' 

78 
89 

92 
·,1?,·1:Chiftftr:1!rt~fs~a:11~J~t9;?5~8~PI~~}atl~)hol•·and\ 
ll .~o,%62' 2·4.2 .· 19.·2· 79 

'' , 

19,:•· 
.. . ' 
20,. 

2J. . 

.,065.3 
'.~0492 -
:;;o,oo 
'', '. •· · .. 

ia.1 
i1.1 . 

21:.5 · 
'•19.8 . 

24~6 . 

\a.:t 
ea ·. 
'86 ' 

·-55• 

61 
22 · Ohei!ked''for ·reaction 'of K 'With thega.seous imp~ity iri 

· liquid ammonia solution~ · 



·· All the runs: of the h.bove series were made with the reaction 
. , ·... . . . . •. : . . . . . ; . . ·o•· . . . . . a' . . .· . . . . ... . . . 

cell thez,n.6stated at about -75 • ::tn the first three runs a 
liquid. anmionia. solution ·of potassium was added to liquid airunol'lia 

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

potassiUltL was added, by means of the sampling stopcock, directly-

to liquid ~onia ' in the reaction cell.· By· this means it was 
' ' 

hoped to duplicate, l{ra.us' ' result~ O?l the rapid ' oxidatioh of 

potassium.. The color 0£ the product in all cases was yellow 

and. appeared to be homoganeol.1&1 throughout and in all cases the 

qua.U.ta·tive nitrite tests proved to be nega.t~ve. But in spit~ 

6£ the ~ood"appea:rance of 'the produci:. 'and the 'absence "o! any 
nitr:t. te, · the yields Yiere · i'ound · to be discouragingly low. FirialJ.'1 

a,t'ter eight runs had been: made .with no marked degree· of success 
; "' .! ·, ' ' ' \ ' ; ' : .' • ' . . 

it wats decided to dry :some amonia · over sodium and use it. 

Such ammonia· had been· used in· the· absorption runs but commercial 
, 

anhydrQUS 'ammonia was 'U$ad in the 'later runs ~ • ;rio advantag$ 

could be obs:erved in using the dri:ed ammonia during the earlier 

experiments; 
Runs number twenty and twenty-one were markedly lower til' . 

yield than t/ha · previous ones • . ·Xt had been noticed that a 

consideriible q~ntity· ot a gas (pre~umabl.y hydrogen i'rom the 

reaction' of ·sodium in the liquid 'ammonia. cylinder) was present 
. . . . . ' 

:1.n' the ammbnia' used, in ' these runs. A definite but lesser amourit 
' •· ' ' • • I_ ,. . • ; >. . . ; . - , 

of gas had been noticed in the am.nionia from the commercial 

cylinder. ' As this increase in ga~eou.s impurities apparentl;v 



X"~sulted in a ~ower yiel~ _of K02 it W~$ decided to, make . a rurt,· . 
· . : ' · : • ; , , • • . ' • • . · ' ,' • ' , . • ' • • ' . • ' • ·_I • 

· . (#22) to determine whether potassium would. react ( deco1orize ;ln · 
' , ·. '; •. : .,.•· • I ' ' • ', • ··' . / . • . ; ' ' < 

aolu,tiort) with the impurities>j~;\ . the a.mmoni~. 
, ·,:·.·· "; .:, ! _ J ' ' ' ; • ' i ''.(~/·i}');: , '; . . ' 

;?;o study this about 30 ... 3, ml. of liqUi.d ammonia was epndensed 
' _. -,_ -_ ,_ ., i' , . l '. -~ . ' . ·, : .,., .:: :· ,· . • ' . . ' r. , .- , :: , , , 

inc-bhe. reaction: cell and a potassium sanwle ·was· added to it. 
I • , ' -• •. 0 i :·•1 •·:- • '·, , ,_". . , • l I . • ' 

The .c'o:ld. bath {~75°) was kept on tha celLajid more ammonia . 
' 1·· ·1 '. :. ·./· . ·;-;_· ·,_; :· -: -._ J : . . .. , " . ; - . , ' ' ' ·. . . . . 'l . : . . . ' ' ·.· ' 

condensed tintil 65•70 .ml,., was: presentJ then the cold bath was> 
/. , i/ ·• : ! • , ' J • ·• . / •, ' • . • • I ; . , ' ' 

removed and the ammonia was allowed to boil off.. ?he blue color 
'· 

persisteq .untilall the a~oniahadevapora.tedof.f thus showing 
.' - . •, . . •:·· a:··.. J _t ; ' • • .' ' ' " _. ' , , ·. ' ' ••• ' • • • • • 

:i;J:iat; :the. inajox-. portion . of' . th~ potassium. did . not react. The. 
; ._. . -.. \_. _; .. ' .' ; . _/.' ' ' ,I • ·, , 'J ' , .. ,, • . . . 

residue showed .· that some , reaction . had·. taken place a,s a defini ta 
.; .. ·, i . ' ,' • . . . ' ' ' ! ; . ' . . ' ' .;·., ' , . . . . . . 

area of reaction was . vi~ible immediately below . the inlet · tube· .. .. ,..-.-. 1[ •. ' : , : ' _. ,. ,· : ,.- . . . . ' , ··: 
. . 

I , • . ' . : 

to the . cell. . Whether the reaction :was sufficient to account . 
. ,- · • :: . : ..... · . ·: , . ; · • . . . . ' ·, ' j , ' ' ·• . . ·• " . '· , ' . 

' . 

f'?r . the lo~ yield$ in the other runil is not known~· · 

.. This posed a difficult problem since no wa.y is ,known wherE!by 

. hyorog~ can .· be satisf cictorily rer.ioved i:'rom liquid ·. a.lll!llonia., .. 

· Appare~tiy,' the h~o~~m (,if hydrogert · is the impurity) :ls· m)t · 
.. ~a~i.J.y eep~ated by fractionation or it. would be ·removed m.th1 

. . 

. . the first anunonia. used from a cylinder,. .such .is not the case 

,ll~ever, , as the. commarci~l cyll~cler, had been in_ use for >~everal 

, ~onths, but still gave •a!:f a .gaseous impurity- that was detected 
' .. . . ' 

by passing the gas through: wa:ter~ The amtnonia was rapidly . 

, absbrbed · l>ut fine bubbles of · the. impurity would , pass· up · through 

the water. · 

As ,. no solution to this problem was immediately availabl.$ 



$~ 
i.:t ,war( deicided to t,ry J)xiq.a~iop. . of sodium.. ~gain. to; sea : if th~: 

consistent results could again be ·Obtai!le.d • • Tziu.s ei'ght runs 
.", .. . :.~. , • < , ,, . . • , .; , .• 1 , , i '. · , · : .' .''r ., . _·,. , -'' ; ·· ~ ;· .· . - · • ··: · ' 

·,. ' 

wera. ma.de '\Yith. the . i'ollowing results. 
',•• . ··,. ·, •. · , . ' • . , 1 • ' ' ' . ' .· . . ' . _ _ , ' , • 

Run 
·:No~ 

:23 · 

24 

-2~ .. 
'2.1° ' 

28 
~9 

·30' 

' .. 
W~. ()t Rt 
' .(granlS') ·• . 
(£ .... roiµ . t:Ltratiqn) 

' ' ' 

.Q6;4 
·;0372 

•.0210. 

~0403 
\6536 

.d63~· 
~6324 

• , .A:nal~e$. ,92 Evolved (m1,} 
. O~c• for -
Na02 Ob$. 

_27.2 

19i7 
29.5 
~o ·.1··.· . '..,,, . 
46.3 
23.7 

11.1 

19.6 

12~3 . 
·22.9 
·31,~h 

36.2 

. i~.7 

~)-J~~2 . 
Indicated. 

31 

72 

62 

78 
80 

78 

79 

Iri· the · first· .four runs or>this series the ammonia 'fied had ' ' . >,/ h . . . . , . .. . . , •· , . . ' , ) i> , . : . : i . • ·•.· ::· . . • , . . • :)Ji; . . . . -' 
been driep. .over so~um., in the ·last four -runs it, was condensed 

1,- , ··· !-, .. . : i'" , 1 ,.._ • •, - , •,f ' ·,; . \ \ ,.' .': ·, , ' I ', ' ,• j •' 

directlr fr9lll, the commercial cylinder previo1:15ly men~ioned. 
; ; - t . '. \ ' . '1 • , ; , : 1 ' ' ,' · •• / , • : , .: : _ • .,. ·, j •. [,' , ,- ' • , / ', i . , _; ) ,. ; 

In the first run the solution was added to the :reaction cell 
' • · : ,; '. .;· '. ,\· .; ·, '. ' ; :_ •' I ;' ., ', • : • :: . : • , '. •,_, ;, (· l I • • . • . • ' i , I , · (: ,' 

-with poor control, thus coloring the solution. . As a consequence 
'• c < - ,_ ' t· . ," . \ . j 1·1: :, i, ,'. . . : ( . ' '. ; 1 ··; f, ; ' • , • ; • _:_ : '· · t ._ '. - , 

i:.he, yield wa.s very poor and the ,ref3ulting solution, after · · 
I·,: , - '.•· ·· \ . : • : , ' : ( } 

,., 

analysis, when boiled nearly to dryness gave e. positive .nitrite 
1 ' • l I 1 1 ' , \ , '. :_' 

test. :tn the remaining runs the solution was added under contr'c)l ',' . . ' . ' . . . ' ; ' . ' l. ,·,: . . ! ' ' ,· l • . ' - ' . . 

and the qmi:llt~tive nitrite tests on th~ finai solu.tion were 
' • •' < I I; ! -

found to .be negative. _. :. ' .·, ; 

It is seen . that the_ yiel?S (in the above table) iri runis 

twenty-four and twenty-six .were low, presumably for the same 
reason as _:i.n the ·potassium runs. In the last £our runs using 



the· oommerc:tal a~onia . the· yields were corisis,tent with each 

~t;~;-anq .~th' the ;~ra;ious rlllls' made in 'a like manner. 
' : -~i :c;liltllation it' ~y be 'showri that; a product which. 

reieases 7fp~ ' cent_a.s m~ch :oxygen ·as, does' Nao2\ :~()rI'e1;1pond1i 

al.vno$t exactly to the empirical formula Nao1.67, or in integral 
. ' 

nu,mbers to:, MaJ'.>,~ . Eight runs, have been made that indicate such 

a c,ompound. · . P'our . of . these'. show~d 78 per cent, 'three showed 79 

p~r • c~nt avif one shorrecl 80 per o~nt Nao2 •· Th~se values check 
withlii the .11ssumed accuracy of this type ·of apparatus, and 

(. ,·. . . :. . 

being the. only set of va.lu.es checking · '30 • well -in . this invest:l~ . 

ga.,tion, 'seem . :to pti_int-tci a,. d~firtlte (molecular) compound. 

Tlle emp~i?al f'ormula Na.3o,, '~ugg~$:ts a mix:tura of auperoxi.de 

to ,peroxide ·in the ratio 'of .fo~ to one • . The molecular 
. I - , , , I 

compou.rid.J~0.3, . wh~e Jl r~P.r.esenta e!t ther ~ubidium _. or. ces~um" 

has 'bean shown to contain.' lx>:th the peroxide 'and . 'the aup~oxide . 
'. , •·; .' . : : ·: ·' ,- . . ~- i ! · , . : , _ ,: •. _i , _; • • , • : • • - •• : • r ·.; : 

io~ a,n~ the. ~tructure ma;y: b~ r~pre,se~~ed as ~q2•2~2• ;n 
'·. ·•: . • . : ... : / . _·' ; ' . f_. . -__ .' . . . ' .'. . _·• _·, _. '-. ', :• . . ', •, . '. • ' ·,. ·• ' ' . ·_· •> ··• ' '• .. I • , , : • • 

li~e .~er ~me_ would _eXJ?ect ?ia3o5 to contain ~oth t~e peroxtde 
arid. suparc,rlde, 'ion) its structure might be' 'represented as 

NagP2 ~¥Na~2 • . 
.• . . · .Although these. results seerri':to indicate 'the iormati~n. o£i 
,. t . ' ·: : , ' ~- .'_ --~ ·. l . . . I,_ ' . • ·• . . ' . . •. _l , ' ; • • . ·, ,· : • • • • ·,., • • -' ' ' 

N~3?5-, xh~e. ar'e _ref3-e:o~; f()r ~u~stio~~·,'t~s conclusi~If•. : F~ 
. . , . . . 

one t~ing the . 'color of ' thi:3 'pr~dlict was n()t h~mogeneous in . these ' 
j I• ! ' . ' , ', , '• I•• ' I ' ' ' J I ' ' · • ' • ; ., • 

rtma. ' in 'all the ·~ but one . a small but . dei'in:L ta amount oF 
. white c~l~r could be . seen along with the yellow.' _ lf ,the whit~ 

. ' ; ' . '. . ' . ' . . ' : · .. ' . . . . . ' . ' .. . .: 

I!lateria,l indicated imptirities· 1;hen one wouldexpectth~·ana~es 
' . · ' .. ·· •. . ' ' . : ·.·· ·, ' . ·' ,. . . . , ' ' ' _. , . ' '.• 



57 
to. sho,r slightly less oxygen. tha.~ is. available. fromlfa..30f 

Ins.tead of this the correct amount of ozygen or slightly more_ 

than the theoretical quantity ,vas liberated. Of course this 

might be a.oeounte.d for as tt experimental _ error" but_ the positive 

deviations may be.indicative of some ·other. product than that 

suggeated. by the fornnlla. Na3o5., 
TWo pieces. o~ data ~eemed necessary to substantiate this 

.fc;,rmula. First ammQnia would have to be obtained of sufficient 

purity so. that_ pure K02 might be preps.red.__ Then by .use of· 

simi:l.arly treated ammonia the. rapid oxidation studies with 

sodium .. should be repea,ted., I£ Ma:,0.$ were still_ indicated. a 

sufficient quantity of the material should be prepared on which 

to make. 1nagnetio measurements.. These. data with, x~ray dif.fra.c• 

tion, measurements, __ should prove conclusively the composition 0£ 

the oxide. 

Preliminary experiments were made toward this end; several 

runs were made. in. an at tempt to obtain pure ammonia and With it 

to prepe.re pure Ko2., The_ follo,nng data were collected. , 



Run No. , Wt. of Jt 
. (graII!S) 

Analyses 
·o .Evolved (ml) 

Cal8. .for Ko2 . Obs. 

%K02 
Indicated 

31 The, NH3, produced from NH4ci and CaO., contained water and. 
no superoxide was obtained. 

32 .0681 29.3 21..2 72 

33 .0470 20.2 16.5 82 

34 .0469 20.2 16.7 8,3 

3$ .05,a 24.o 18.3 ' . 76 

36 .o5o4 21.7 17.3 80 

37 .0517 22.2 11.s 79 

In the first run (#.31) of this series a mixture of NH4c1 

and caowas heated together and the resulting gases passed 
• _· - r ·, .. , . ' ' 

through a dr;ying tower, packe~ with . soda lime and quicklime, which 

vms expected to remove the water vapor. Apparently the dry:Lng 
I ,. ' '. ; 

tower 11as not very effective in drying the gas as the liquid 

ammonia that was condensed in the reaction cell contained 

water. Therefore no supero2dde was formed and only a white, 

precipitate was visible after the ammonia had evaporated. , ' . 

In two more runs (#35 and #36) the ammonia was made in the 

same way but better means of drying the gas were used. In 

these runs the · gas · was· passed through a glass trap immersed ~n 

an ice•salt bath at about -15 to -17° C. This removed the 

major portion 0£ the water vapor. Next the gas was passed 

through a 10 to l2 inch be'd of . soda lime pellets that had been 

heated to 500-600° Cina muffle furnace. It was expected that 



59 
the soda lime would relll.Ov~ the remaining traces or v1ater. As 

. shown by the results this expectation wia apparently not 

.realized as the yields remained low • 

. :rt was . also thought that po$sibly the gaseous impurities 

could.be flushed from the liquid. ammonia by bubbling oxygen 
. . • . . 

through it for .a period of time~ The remaining runs of this 

series \vere made to test this hYPo~hesis. 

In r'\ln number thirty-two about 75 ml. of amxnonia Y.'aQ 

con.d.ensed in the reaction cell, the, ammonia was allowed to 

. warm up till it started to boil and then oxygen was bubbled 

through i,t £or fifteen minutes. .The anm:10nia was then cooled 
0 . . . .. ·. ·. · . • to a.bout -75 ·. and oxygen pasf?ed through it for an additional 

£9rty .. five minutes. After thil:l. treatment the potassium sample 

was added to the ammonia and the run made in the usu.al manner. 

· In run. number thirty-three the flushing time was extended . to 

an hour and :Ln the other tvro runs (#34 and #37) to over three 

hours. Aa is evidenced by the yields of these runs-, thii 

.method of ammonia purification seems ine£i'ective. 
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Suggestiofu4 f'or :Future Research . 

''?he a.ttempt~ to inake pure. Ko2 have so far ' bean un~uccess• 
:tul~ . Efforts should bE3 made • t.o prepare pure ammonia or to 

puri.£1 ':t,he commercially avail.able ammonia and Wi tli it ma.lee . 
pure J{O~. ifhere is A possibility that the trouble may not 'b$ 

. . 
ili the ammonia but in .• the potassium. metal li~ed. When . this ' 
difficulty 'bas been removed the. iapid o:ddation studies of 

sodi.um 'ahould .be repeated 'using ammom.a of proved purity~ 

'ti~~ gr~ quanbitie$ of_ the Na.lo$; or of' any 'higher 

orldefouridj ahohJ.d ·be prepared arid· magnetic measurements 
mac4f•pri. the prodrict. : Th~~ ' the' ratio o.t superoxide 1t~ :per~xid~ 
:ton c~rf 'be established and vr.i.th ~~i.der diffraction da~ the. : 
£6±-xnuia arid ~tructure _ot the oxtcw, can be definitely established. 

·_ The prellminary 'runs in which lithium. metal wae oxidised 
by' the i-apid' oxida.ti()n method 'shoVted promise oi' ~el.ding U202 •. 

. . 
It iflik~ly that the addition of lithium metal from the 

sampling stopcock, ·a:rterammoniais condensed .ill both 'the 

aol.utio~ and ieietioi/c~lls, 'hiay le~d-to a 'hitµier yield ·of 
_ Li2o2. and that the amide rea.otion may be ~Hmi.na.ted. 

The alkaline earth metals should. be studied by thlil same 

me~hod as outlined for lithium. Although the first run on 

calcium by the rapid oxidation method gave no indication of 

forming the peroxide, the suggested chang~ of method in 

handling _ the metal may well make a difference in the product. 

obtained. The more electropositive metals.,strontium.and barium, 
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~boul.d show greater tart:deneie's,'to ·term the' higher oxides 

. . ' . . . 
'I ·.. . ' ' . 

under. these condi.tions. -

r:,::jf i'utur~··work shows tha1:. _tha poor ko; !yle1ds' ~er~{-duefto 

hydroie'rt :(or ·nitrogen)• impuritie$·in the .liquid ammottl.a, the 
po:~~i.ble :reactions ·of · hydrogen (8.nd nitrogen) with ::iolutiohs · 

,· oi th~: alkali 'metals 'in liquid ammonia aho.uld be investig~ted~ 

· Shoµld hydrogen. prove to be th$ impurity responsible £or the 

low' yi.'lds then these' s'tudies should include the effect of . such 

' byfu-~~eriati:on ' catalysts: ~s -inay ,beusel (mith liq~da~onii ' 
': · ·1 :· ' ' . ·, . . ' . . , • . ,1 <),~t . ' > ' r, ">:<, 

: •'. ) ' ;; '·: ; . ' . · •. . . . ' ' ' . · ' . . .. .. . , '• ' ... ' ' . ' ' · s9lution:, ·of the alkali and•alkaline· earth·'m:etals~ · 



.lt , h~s been shown, contr~y to· Kraus• statement; , that 

Na.2o2 is .not the highest oxide of: .sodium r .o~ed by the · . . 

. oxtdatio11. of' sodium in liquid ammonia. At :Least one higher 
. . . -. , .. /' :· . . ' . ... . ' . : 

6?tj.9-a is formed, ~t .:.3,;0 · or at ~11°, as ;ts shown by th~· re~ults 
i ·, ' , · · .. .' ' . \ . . 

o.f ~hree difi'erent .meth9da of invea~igation. The composition of 

the .pr(?9-Uct .bas been found to be more depende?tt on the method' of 
\ •~ > • ' • • C ' ' > • ' 

.... oxi~:l;io11 than·. upon the temperature at which the . oxid~tion 
- ' _. . ' '·~ ' . ' ' j ' • -~-· ·, ' ' ... 

takefi place. : 

·. Sqdi1:Ull, . unlike .Potassium, .. undergoes tne amide reaction 
:, :. ,,, , .. o' , - : - , _·, :. : - , :> ·: .-. ,-,_ . . . . -

eyen ;fit: ~11 •. · A -method of oxidat~on . has . been developed that 
,. , ' , . .. ,, ' ' . .. . 

elim::u,iates · this reaction: almost entirely over the entire liquid ', . / ·- ' . .. , . ' ' . . . . ·, . 

ammonia range".from -33° to -11°. With this method ~/ solution }. ·_. -.· ·'. . , · , . , . ' . . . . . ' . . . ..: . :, 

of the meta.i in liquid ammonia is :added sloVily . to liquid 
; ' ' , ·-. , · . . . _ ' 

ailllllOnia ,through which oxygen. ia being :passed. , 

'. PN!denca is presented which indicates the i'orms.tion of - . ·, ' . . ; . ·. ' . 

a s<>diU!il-o~~n;co~pound_of the .empiri~alformu.la Na3o5• 
Thi,s, .. molecular , compound is probably made,_.up 0£. a· mixture of 

' ·, ; ) - -, . ' . ·• ; . ' . . ' . . . -~ . . •. ' : . ! . , ' '. . ' , . . . . 

sodium ,suparoxide and pero4de in the r~tio or four to one . . . ' . : . .- . '; . . - . •· - ' . ·. . . ·• 

(Na2o2•~ao2). 

Lithium metal, when .oxidized by the rapid oxidation 
,. , . . ' . • I • : ,' . . ,' , , : , '. , , ', ,, .. •· . • I 

m~t~o1, ~hows a definite, tendency- to .form the .peroxide, . 

Li202• -

$uggestions have been offered £or future w:ork to complete 
' . , . ' ' . , .. 

tltisinvestigation. 
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