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l. 

·IMTROOUOTION 

The prepai-at1on and use of' tb.e h1gi:uu.- oxides 

ot the alkal1 and. alko11n& eo.itth mete.ls h!llve l'eoeived 

cone1dei-able attention 1n the last decade. Tbe use 
ot bl~trr o.xidee as a soul'Oe ot oxygen br&a stimulated 

researob in the pr.epa:rat1on and p:ropel'tiea ot these 
compounds. 

The purpoa& of tnl• 1nveatli;fttion was thttee-

told s (l) to exploy,e the poaa1b1l1ty of prepa?'ing 
superox1des ot the alkali and alka.Un& oartb metals 
in a stainless steel bomb by Nact1on ot oxygen •1th 
the mets.le o:r lowei- ox:td.ea at high t~pora.tuNt and 

pNaau.r»e, (2) to study the prope~tlea ot au:peN>Xides 

pl'epai:-ed by this method, end (3) to develop analytical 
method• to? the detertnlnation of' superoxides 1n 
m1xtu:res of oxid.ea. 

In a pl'eViO\ll NPO~ (l) trom this labOJ.'atory 
ev1-denoe ws.l9 presented tor the existence of aod1um 

superoxide. In the first oxperlments using the bomb 
attempts. were made to buttn sodium metal and study its 

rieaotion with 0.1.:,gen. As the work pl'Ogtteased, .however, 
it bocmne apparent• to~ reasons wb1oh will be d1s• 

cussed late!t in tb1s report, tbat the use ot soc11um 



a. 

peroxide as starting matoi-ial provided a bette-r method 
' ' 

of obtaining sodium superoxid3. A rew p~Gl1m1naJ:7 

experiments have also been performed, with oxides ot 
lithium, calolum, magnesium. arui bapiurn .• but no evidence 

tor- Bllperoxidtt fo~at!on has been obtained. Altbougb 
the original prog~am bas o-rify been pa-rt1ally tulf1lled, 

toe success of the WOPk with sodium makos,··1t desirable 

that s1mllo.l" stud1oa be c:Ut.,..r1ed out wl tb. oxides or the 

alkaline eavtb meta.ls. 
In the section wllton tollowa the result• ot 

1nveat1gat1ona wnloh have been perto:rmec:l on the 
reaction. or oxygen witb uka11 metals and thoii- o.xldea 
are summarized.. Sinoe the complete .progNtm aponso!'ed. 

by · tha Navy 1nclude1 t'h& pi-epa.re.tion ot bighel' oxides 

of the alkaline eai-tb metals, s1milar.reseaNbea 

involving tllese oompounds have alao been reviewed. 



fflS!ORlOAL REVIEW 

'fhe reaction ot sodium peroxide with oxygon to 
g1 ve sodium sup$Nxide has not been. prev1<ra.aly 

'.l'eport«.<i 1n the litei-ature. Although. other alkali 

metal supex-o1tides can b• obtained 01·oombust1on ot the 
metal in an excess ot oxygon (2, 3t 4. 6). the highest 
oxide ot sod.1um · that can be· obtained by this method 1a 

the ·Pero:&1do. 

The reaction ot oxygen with alkali metals bas 

been.·the subJeot ot oona1derable t'esearch du:r1ng the 
' . 

last hundred yeaPa. Prior to 1860 Gay Lussao and 
Thene.rd (2) studied th& ~eaotlons ot sodium and 

.Potassium metals with o.xygen, and, 1n 1861, 
ffal'COUl't (3) ·round that the bigbost product obtained 

by the ooinbUst1on or potassium. is K204, • ., but he could 

isolate no 1nte~ed.1ate cuddea. The woi--k ot Bolt 

and Sima (4.) in 1094 wos outstanding in tbie field. 
· They tound that potaaslum And aodiuui metals mar be 

* X•ray .• diftraot1on studies and. magnet1o do.ta bave 
$hown tb.is compound to .b&.· KOa ~. 



d1st1lled 1n dey- a.1 .. without o:d.dation ocourx-1ng, and 

that potassium aupel'Oxide c,u1 bo raada by beating 
' ' ' 

potassium 1n ai~ OP oxyg$n. By using 11m1ted 
quantit1es·ot oxygen they·wen· able to obtain products 

with. chemical compo,1.tiona co:rreaponding to ltz02 and 
,~ ;...,·· . ·r 

K203• K~02 v,hen exp~$ed to the al:tt slo1Vl7 4el1queeced 

while K.203,wea viol.ent~7ox141zed to K204 with the 

evolution of sutrtcient beat to·oause tu.aion or the 

oxide. Simila~ experiments with sodium yielded no 

oxide b1ghe~ than aod1um. perox1de. ~he metal neated . . . . 
I 

below 1ts melting point 1n a sheet-iron bott ln a 

stream ot mode-re.t&lf d.1"7 oxyg~ul wns soon coe.ted over . ,, . , 

with an oxide f1lrn of •·~ompos1t1on co:rrespond1ng to 
' ' 

no det1n1te oxide. Yihtn bested above 1ts melting 
point, the metal caught t1tte and burned vigo?'Ously. 
In a l1m1 ted supply of oxyg~tt and. at . temperatures 
below iao0 O the gx-ey1ah wh1te Na2o was .torm.edJ ua1ng 
an exoese ot oxygen and•bighex- temperatures the 
yellow-white sodium peroxide tomed. Oxygen at 

' ' 

a.tmoapheJtla pressure wss passed over socU.um pex-ox1de 

s.t 300-3.$00 tor 16 boura, but no ev1donoe of oxygen 

abao:rpt1on. wiut found. Ualng nitrous oxide a& tb.e 
oxidizing agent. Holt and.Sims obtained both K,aOz 

and K203 t"rom poteastwn antl only Ma20 tro-m sodium. 



' . 
· The use ot b1ghai- oxides · ot n1 tl'Ogen gave a mixtutte 

ot n1 ti-1 tes and ni tratos. They aleo found tnat 

lithium m.etal, when ho~ted to 2500 a. in a stream of 

oxygen, bu1med to almost puXte t120 witn the tormatton 
ot on.ly t:rooes or pex,oxide. 

In 1907 Rengade (S) prepared the oxides Os20, 
RbzO, K20 and. NazO by 1ntroduc1nr; into a tube con• 

ta1n1ng the p-..:tre alkali matai, slightly leas than the 
.requ1i-ed quantity ot oxygen, a.nd, arte-r the Oltygon 

had been absorbed, d1et1llt .ng off' the excaes metal. 

fle : found that rubidium absorbed oqgen ·•t eligbtl7 

lower tempe:rature• than did either pot&Ju11wn O!' 

eod1um. In a paper published a yeal" later (6), he 

:reported that the :rate or ox1dat1on or the alkali 

metals 1s la~gely dependont upon tho proaenoe of 

mo1etut"e and th.6t cesium and rttbldium el'e attacked by 
dry oxygen but potassium and sodium undergo no change 

at tt0om tempenturo. By the ox1dat1on or the metals 

in liquid ammonia solution Rengade obtained the 

ox1des Os202• Os203. OsaOJ~, Rb202 _ and Rb204.. He 

submitted aample.s or hta produotn to de Forottand 

whose tbermochem1oal stu~Ues on the beats of to,:,:nat1on 

ot the alkali and alkaline es.l'th metal oxides (7, 8) 
aN still used as sta:ndattd nte!'enoes 1n tb1a field. 



Using .tbe beats ot romation ot othett alkel1 metal· 

oxides as a r;.uide, de Fo?'Cttand round the value ot 
130.0 K. oal. roi- .tbe heat or the hypothetical 

reaction 

2Ha(a) /.202(1) • Na204-(1) 

6. 

His th$l'mOOhem1cal do.ta d!10V."9d that the heat of 

.foNnt1on ot the monox:1dea decreuu.tea with. 1nol'sasing 

atomic weight or the alkal1 metal while tl'le hent.ot 

complete ttaupe-rox1dat1onff (M2d M,204), · as h• called 

it, lncre..1:uaea in the order named. .Ho also estimated 

that the reaot1on Na202 ;, 02 Na204. ev~lves about 

10.3 1\. cal. at s-oom te1nperature. On the basis of 

bis data he pr-edioted that Na203 and lie.aci4 would be 

veey unstable and would have temperatureeot dis• 
soo1at1on in the v1o1n1ty ot 200° a. , He furthel" 

ste.ted tllat- these oompou.nds could not ho prepa:red by 

d1:reot oxid.atlon undei- oond1 t!ons wh.ioh wou.ld 

p'l'Oduoe nuperoxidea or the othet't alkali metals .. 

D1ssoo1stioq,.,lto~sur• Studies .<in, B1+£he~ 
9,x1des ot the Alkll~1 and A!.1.fali ne .. SQ:rtn 

Matsls 
Closely related to tho absox,ption ot oxygen by 

metals and tboir oddes 1s the study ot d1ssoc1at1on 

pl'essui-ea ot the highel' oxides. The main bulk ot the 
research 1n thla .t1eld has been perf'o:rmed on normal 



oxides and peroxides whiob do not have dissoc1at1on 
pressures exceod.ing two atm.ospheres at • temp&r~tures 
up to 10000 a. Fol' auch.aystems an ell-glass 
appax-atus. and a glass mercu17 .me.nometer mer be 

employed •. · Oe Foror-e.nd ( 7l, one or the earliest 

worke:rs to make d1asoc1at1on prassure massurem.Emts 

on alkal1 metal oxides,· tound that at 4so0 a. a 

pres au-re ot • OX:1$JOn or lS.$ ·mm. W$S :1raft1o1en1t to 

completely pNvent tbe d1:,aooiat1on ot K,204. {KOa>. 

and that consequently KOa can be prepared. at 4,8o0 o. 
in a current ot atmoapbei-1c a1~ whe:r-e the pal"t1e.l 

preasu-re.ot·the OXJ8en 1$ about 160 mm. Hildebrand (9), 
1n his study ot the tbo1"aJ,lll deoompon1 t1on or Bao2 lnto 

Bao.and o,. showed the presence ot two solid solutions, 
' one ot BttO d1asolved. 1n excese Bao2 and the other of 

Bao,. 1n exoes• Bao. He found that the d1ssoo1at1on 
waa reversibl.e, and that the role ot 1120 1n the 

process we.a extttemely 1mpone.nt.. Bildob1Nu1d suggested 

that the presence of wate-r ceuaed tho Etqt1111br1um 

l'EUJ.Otion 

. 8a02 /. R20 Be(Ott)2 ,'. ¼Oa BaO·,' H20 /. i02 
. . 

to take place. Kl"aus e,nd Whyte (10) 1nvest1gat•d tne 

d1seoc1at1on ot" K02 by weighing the material 1nto ·slasa 
tubes, · evacu·ating and then neatinR the tube a to the 

melting point ot the oxide~ The oxygen evolved; on· 



heating was r'l:aoved by a' TSplel' pump ant\ 1ti1l volume 

determined. • Kf"t'lus 1 exper1me.nts showed that the 

d1ssooiatlon, 2K<>2 1{20 /. · J/2 02, was rever-sible 
and·. that th.o · evolution of'· oxygen 1o greatly influenced 

. . . ' . . 

by moisture. · K:r-aus · uttompted to d!ltterm1ne tne dis ... 

eoo1at1on. pNHl8ttre of K02 at vat"!ous twapettatui,es, 
. i . ' 

but round that, although the process 1a revftrs1blo, 
' ' 

tho pi--essures e.ppea:r to depend upon the oxygen aonton-t 
of the . solid pluu:1&. At 300<> · O. he obtained the 

equilibrium pNsaure of 0.2 mm, · ~or, the reaet1on 

K204: K203 I t02• Howevel't the dat& ot.Blmnentne.l (ll) 
~or potassium eup~roxide is in poo~ agl'Cement with this 
value: 

p (mt11). JO 111 323 41+1 !>SO 
t ( 00) 198 279 461 :$40 .S89 

Kasamovsk11 end Ra1khebto1n (12) f'ound fol" the same 

d1seoo1at1on the following value8t 

. p. (m) o.J$ 1.45 1.6S 
. : ...,.. . •. . I ·' .? :'") I ~- ..!. .~-

t ( 0o) 300 '.360' 3'10 
, ' · , , / 7 ·,. /,I/ ,, 

it:raus t value of.· 0 :'z mm et_, 300<> C • - oheolus . that, of 

Kasarnovsk11 and Rnikhshte1n fairly al0se11. but tne 

data or Blumentb.o.l e.ppee.i- to be out of line. 

Blumenthal ·alao studied the dieaoo1at1on of 

K203 (ll), K202 (11), L1202 (11), Naz02 (13). end 
Oa02 (14). Using Me~k•a Na202 (pY'Obably about 93.96 % 
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pure) be obt.a1nad the d1esooia.tion preesupe vo.luoa: 

p (mm) 9 26 69 
t (0 o> 466 S57 S91 

1$~ 2$9 JBS S46 671 
609 621 633 642 64b 

ae found that d1esoc1at1on takes plQce above the melting 

point of sod.iuut peroxide which be d$tel'tnined to be 460° 0. 

F11om bis data, using the Nemat equation, h.e calculated 

tb.& beat of d1ssoo1atlon of Na202 to be 37. 7 K., cal. 

as compared w1tb de Fo-x-o:rand1 s oalor1m.etl."'1o vnlue ot 
38.2 K. cal. Attempts to p:repal."e Na203 by tbe 

oxidation ot Na202 at tempe:ratu:-eaabove 290° C. and 
atmospber1o pressure tailed. 

The following d1asoc:lat1on pressures t.exee 

obtained by Blumenthal to~ Oa02 

2aao2 --=, 2oao /. 02t 

p (mm) 163 )1-1,8 $62 
t (OQ) 66 81 .. 9) 

(14) tor the reeot1on 

731 750 
97 102 

The value of the heat of d1asoo1at1on, 12.6 K. cal., 

calc\llQted tNm those data by mea.ns ot tho Nemst 
eqi2et1on 1s 1n good agt"eement 1111th de Forot'tand•a th.enno-
ohemioal value of 10.8 K .• oal. Blumenthal claims that 

the d1ssoo1at1on is Nvera1ble b\lt the attainment of 

equilibrium. is v017 slow and that the spood ot dis• 

soc1at1on is much greater than the speed ot asaoo1-

at1on. 
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Fo:r t1202 Blumenthal (ll) obtained. the 

valuesi 
p (mm) .$ 12 47 66 122 189 271 497 790 
t (00) 4.3 jJ4- 87 9.3 116 127 J.48 181 198 

~ploying the Wemat equation the heat ot d1ssoois.t.1on 

is /. 13.6 K. oal. · ae compared with the oalor1metr1o 

value ot /. lS.9 K. cal. 
l!'ho wottk ot K,uaarno•tdt11 and Ra1kllsllto1n. ( 12) 

shows that duclng the thermal deco:npoa1 t1on of KOz 

to K202 ther• 1s no 1ntemned1ate compound K20.3 formed. 
They claim that K_a03 deseri bed by many au.th.ore ls not 

an 1nd1v1dual oompc>'and but a mixture of supei-ox1de · 

and peroxide. 

!he l"aaction o.f metal• and tneitt oxides 1.dtn 

O.Q'gen Ett high tompet-at,u•e end pressure aeema to be a 

line or investigation wb1cl:l haa not Peoe1ved. muob 

attention f'i-om pl'evious worke N. 

:Sergius (lS) made peroxides or the alkaline 

eal'tb metals by hes.tin~ the oo·rraesponding monoxidee 

in a OU?'l'&nt ot a1:r- Ol' oxygen. Tlte monoxide we.a 

heated with NaOFI or KOU until molten aml then air Ott 

oxygen passed tbrou:;h tho tused mass. Atter oool.lng 

the melt waa ti-eated with alcohol 1n order to dissolve 



out the alkali, tbe pel'Oxide tton1ainlng undissolved. 

Oaloium pettoxtde ffilS prepa-red by boat~ng a mixture 

11. 

of OaO and o.lke.11 (Ma.OH /. KOS} at 3$00 0 • tor several 
days 1n a steel bomb oont&.1n.1ng oxygen at about 124-

atmospn,u:•oa pitessure. Sergius th•n m,u11:u.1red the 
preeau.re above the solution and .round the following 
values: 

p (atmospheres) 93 101 107 124, 

t (OQ) 200 2S0 300 . 3$0 

'?bi• method fo~ the deta-rm1nat1on ot the d1 eeooiation 
pr•ssure ot oalo1um peroxide 1s not acourate due to the 
vapor pressuN ot the alkel1. i'he heat. of the reaotion 
Gao /- tOa ---=>- Oa02 was calculated to be 3.,3 K. cal. 
wnioh is 1n poo-r agreement with the v~lue·l0.8 K. oal. 
found by de Forottand (8). 

In 1912 F1sollol" end Ploetae. (16) oonstruoted a 
furnace 1n Wh1ob a tempel"ature ot 10000 o. could be 
attained unde,:, a pHasure of 100 atmospheres. Tbey 

were able to obtain a 15% yield of sr02 by the 
ox1dat1on ot the monoxide at 400° C. and 98 atmosphex-ea 
pl'eesure.. Attempts to make Oa02 tl'Om OaO in a similar 
mann•~ tailed., The hydroxides or pote,ssium, rubidium, 

and cesium tomed peroxides •hen heQted in oxygen at 
pl'easures up 'to 100 atm., the s.mou.1lta increasing from. 

potassium to oes1mn. Under the snm0 oondit1ons · the 



hydl'Ox1des of' l1thium and sodium d1d not to-rm. 

porox1des. 

Tue· t11ost outstanding and complete Ntseal'oh. on 

tbe,:reactlon between nlksline es-rth ox1des and oxygen 
at h1gb. prasi.,u:re •ns oel':r.1ed out byHolte:rmann (17. lo) 
in 1939 .and 194.0. The monoxides ot oaloium, strontium 
and bex-imn.were subjected to o~gen presBures ,up to 
.300 atmospneitea and. tomperatu-rea ae high as 600° a •. 
The samples wttN contained 1n poroel&il;l, aluminum.or 
n1~kel . crucibles 111 an au~ocleve. ot 100 oo. capao1ty. 
The lnettt oharactt.r ot OaO towa:rd oxygeri. . already-
repo:rter.i by Pisoturr and Ploatzo. (lb)• was vel'ified by 
Holtermann. Sr0,2 ot 99.2 to 99.$~ purity was prepared 
bJ the action or d?'1 oxygen on SrO ( tree tram Sr( Oil) 2 
and SrC03) at ,;,So.4000 0,. and 200-250 atmospheres 
pressure. Pu-re Sr02 was alao pNpared bJ the 
dehydmtion ot Sr02•8H20 unde~ 1$0-200 atmospheres 
pressure at so-1000 c. or- in vacuo at o-s0 o. The 
disaoo1&.t;1on ot SrO;e was studied up to P,N8SUN8 of 
2.$0 atmospheres and the value ot 22.0 K. oal. calculated 
for, the beat ot: the reaotit>n, SrO · ,' ·tOa Sr02• 
Holtormann also studied the system 8a02 - BaO • 02 
up to pnsauttos or. 220 atmospheres and temperatuNs or 
s20° o. No p:Nduot· h.tg.her than 867' Ba02 •·aa obta1ne4. 
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Expe-r1mental ,.Pro-oedurG for High Pl."ossu~ .sturli0s 

p 
The aparatua employed • (Fig. l) consisted ot a 

" 
•~ainleae steel bomb A or about 160 ml. ~a.pa.city, 

equipped w1th such an ex-re.ngement or needle valves 
that ,the a1stem could be •completely eva.cuated or 

f1lled witb.,oxygen under pressure. The bomb tubing 
andacoeseoriea were obtained t,,-om the lunoi-1cen 

Instrument Com.party, Inc •• or Silver Spi-1.n~•. Met'Y'land. 

The equ1pui$nt w,u, supplied aa a hydrogenation appa:ratus, 

but was adapted tott us• wi-th oxygen by the z,emoval ot 
all oil and 3r0u.se with oattbon tetrachloride and 

acttone and i-eplacement of the valve packing w1tb a 
, 

speo1al·oil•tztee packing obtained tram the Puritan 
Compressed Gae Corpoi-a.t1on1 Kansas 01 ~Y, ~snsrp.J. Tbe 

seat of" ea.oh .needle valve was lubricated with. a trace 

ot mutton tat. A aeries of differ&nt gages varying 

in range between o-sooo :p,. per aq. in. could be 

titted 1nto the right valve ot 11g. l. -?he boating 
jacket B ot the. bomb wes insulated 1111th ma.gneta1a. 

An. tron-oonatantan thermocouple ff inserted 11'1 the 

wall or the bomb and aonn~eted to a B-rovm Elt)otronik 

Beoordett a.nd nei;ulatot' 0 permits temperatu,re control. 



To Vacuum Pump 

(ff ; 'fi=lj K 
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Tbe ,voltage acr,oes the h-eat1ng elements ot the 'bomb 

Jacket. B wes adjusted by ·means of the Powerstat o. 

lS. 

A. sample or the metal oar oxide bG1ng studied. 

wae weighed out 1n .a, su1 table oonta1net' and the latter 

placed in a glasa-etopp<n•gd Py~ex 11nei- whicn .fitted. 

~nugly. into the bomb. The system was evaouated to 

l•l mm. · fol' seve"Nil hours; valve I was then. olosed end 
oxygen titom a cylindett rtldded slowly through valve F 

until the.desired initial pressure wao attain~d.. 
VeJ.ve K was then closed end .the bon1b heated to the 

desired .. temperature. The e.b~o:rpt1on ot oxygen at. a 

particular temperature could. b-. followed.b1 ~oadit:is. 

tn• :Pressure gage O ,at .rrequent 1nt&?'Valf.l. .111en ,,a . 

constant pNsaure ttea.ding wae obtained, th• bomb was 
cooled to room temperature and the oxy:;JQn bled slowly 

from the_nyatem through valve K- until ·th.fi) pressure 

was equal to that or the atmospheN. The .botrlb was 
then opened and the Pyrex 11ner containing the' semple 

removed and placed 1n the drJ•box wheN the product 

was t:ransteJ:lred to an 11na.lya!s cell. Beoauae. of' the 

highly bygrosoopic nature ot both th& start1ng 
materials and products, all transtettring ot sempleo 

from one vessel to enothett WGS cax-r1ed out in a. dey• 
•. '. ' 

box containing phoapborua pentoxide. 



Prel1minaey expel"iments in which sodium metal 

was bu.med 1n a glaea apparatus e.t oxygen pttessux,es 
up to 2 atmospheres showed that all tbe sodium did 

not r-eact until tbe temperature was above 1ta melt-

ing point. Tb.la observation is 1n aareement witb 
.. 
those i-eported in the literatux-e tor th& bux-ning of 

sodium in air op oxygen at atmoepber1e pt•tu,aure. 

Investigation ot 1ncornpletel:, ox1d12u1td samples indicated 

th.at an oxide coating formed whi o.11 prevented turtb.er 

oxidation. The n1akel owo1ble employed 1n th.ese 

initial experiments at oompettat1velr low oxygen 

pressures was not atto.cked by the bot metal. 
' . ' 

· ln the flnt experiment using t.h.e eta1cless 

steel bomb, about 0.9 S• ot sodium. contained 1n a 
nickel Q N01 ble • was placed in· the PyNx · line .r. fbe 

l1ne,:r wne 1nseiated in the bomb, the system evaouated. 

and oxygen permitted. to enter until the pressure was 

about lS atmospheres absolute. The tempe~ature or 
the bomb wa~ gr-aduelly x-aiaed by $0° increments, 

itartlnt1 at 100° o., but buttn1ng of the eod1um did 

not.take place until 300° o. Considerable <>~sen 
appett'l'ed to hnve boen ahso!'bed 1n the pl"QGess but 
subsequent examination ot the solid residue 1n tho 
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bomb ehowed that the nickel crucible had disinte-

grated completely · due to oxJ.dation. A s1m1la~ 

oxpe~1ment using o • .$ g. or eod1um and a magnesium 

oxide (MgO) CNclble in the bomb at an 1n1t1al oxygen 

p-reasure o:r 6.6 atmoaphereu1 and tem.p&Patul"e& up to 
490° o. gave a product a.nalyzing 9$- sodium peroxide 

ecoord1ng to.potassium pol'n'langanate titration. The 
7 

magnesium ox1do was also attached but did not 
co:mpltttely disintegrate ,.uJ did tho nickel oroo:l.ble. 
The use ot an alundum (Al203) crucible sllo11ed that 
th.is material WrJtS also unsuitable top use in buming 

' ' 

sodium 1n oxygen at bign pl'essure. o.r the various 

mator1 als enployed .for oonta1n1ng the bot sodium,. 

magnesium oxide appeaNd to 't-..e the moat resistant to 

d1a1ntee;1'at1on• although itt too, was attacked. 
Jn t~e ttnal expe:rtment ot this aeries the 

metal, contained 1n a me~nea1um ox1de cruotble, was 
burned 1n oxygen at a presau?:te ot about 180 atmosµheros 
and a temperature or 300° 0. A bi-1ght yellow f>l'Oliuct 

was obte.1ned wnioh, on the basis ot inorea•e in 
weight alone, was ft!'t>&rently a m1xture of' about J8J& 

Ne.02 and 62~, Naa0,2, assu.ming only these two oxides 

to be present. Howe,ve:r, the bottom of the magnesium 

oxide oru.o1ble was attacked to some ext$n1i and some 
or tne oxygen may have been absoPbed in this prooesa. 



The ox1d1ued sodium f'ueei.:1 ,solidly to the matJnea1um 

ox1·de eruo!ble and ant11lya1s·wtus almost in1poasible. 

18. 

A single quantitative test on a portion of the ox1d!I' 

condensed (or splattered) on. the uppex, aides ot the 
crucible yielded.an analysis 1nd1cat1ng tllat the 
sample was about 70;. ot the way to sodium supero.x1de-
Na0a• The analya1s wt.-ua acoom:pllshed by ~ho libettation 
ot tb• total available oxygen using an aqueous 
auapension of manganese dioxide as catalyst and 
titration of the residual tolut1on with standard. ac1d. 
The experimental rasults and oaloulat1ons tor- this. 
?'Un ere summarized belowt 

/ 



TABLE I 
. m~r1mente:l Ont$ for tbe ~UX'n1ng .of S,2.4~'-!f! .... ~ieta} 1.9; 

P?£!B8n at· JOQO O • end ~BO ,@..tm! .ereB!™• 

V,eight ae>d1um metal 

Moles sodium metal 
Moles 02 abaot"tbed ( from inc Nase 1.n weight) 

Molea 02 :requ1.red for conversion, Na to 
Ne.0 2 

moles 02 absorbed ovQr Na202 
Mole a. 02 Nqu.1 rod tot- oonvetts1on, Na202 

. to Na02 · 

Wt. :f Na02 it MgO ~aaot1on tgno'!'ed~ 

... 0 a.01l1h x 100 : 385' .0.0357 

oc. Oz at 23° o. evolved by sample 
co. 02 evolv~d by' sample, oalculated to 

s .. ir • .P. 

Blank. tot' catalyst solution 

Oor.reoted volume of 02 at S.T.1. 
oo. stand. a01 ( .099.10 used 

gl'am sodtmn calculated 

ac. 02 per gram ot sodium toi- sa.niple 

QC. 02 p&r gram ot sodtum for pure Na02 
,, of complete ox1dat1on, Na to Ne.02 

0.071.3 

0.04.91 

0.0357 
0.0134 

0.0157 

24.6 
10 • .3 
14, • .3 
12.2 
0.0278 

514 
730 
70 
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Fl'Offl the above experiments it is evident tbat 

the main problem in tbe burning or sodium in oxygen 

at high :presst.lx-es. is t.hat or fl-nd!ng a su! table · 

material tor the c:ruoible. In view ot tbe success ot 
the sodium pel'ox14e studies, to be described later, 

1n preparing sodium superoxlde, this line or 1nvest1• 

sat1on wae d1soont1nued. Howeve-r,.tb$ le.at experiment 

did snow.th.at sodium superoxide could be prepared b:r 
combustion ot sodium metel at high pressures ot 
oxygen.· 

.Although previous 1nve.at1ge.tors (16, l7t 16) have 
studied the roact1onbetween alkaline earth metal ox.ides 

and ox,gen at eleva.ted ·tempevstures and px-esaures in 

attempts to prepare h1ghei- oxides, no·aimila:r exper,1-

men ts have been performed with sodiu.m peNxide~ liolt 

and Sima (4.) passed oxygen at atmosphor1o pressure 

ov-e:r sodium peroxide at · )00-j;,OO C. tot- 16 houn bu.t 

obtained no evtdenoe ot oxygen absorption.· In e.. 

pre-vioua report (l) trom th.ls labo~atoey, dealing with 

the rapid oxidation ot sodium in liquid ammonia.. 
evidence fo:r the existence or·sod1um superoxide was 

descu.t1bed.. In th.la phnse of the investigation ·sodium 

pe>N>xide was subjeoted to tNatment with or.,gan at 
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high pressures and temperatures in order to explore 

the poss1b111ty of prepa'l"1ng ?3ighett oxides by this 

method. Sueh ti-oatment results 1n the f'oPmat1on ot 
b1gb :,1elds ot aod.ium supettox1de. 

A weighed aaraple or the sod1wn peit0x1de waa . . 

. placed · 1ns1de a Pyvex oonta1nep in. tne bomb and the· 

·ayatem ev&oURt•d to l•J m.tn. tor several bou.:ra; valve 

B ••• then closed· and oxygEu1 from a cyl1ndel!' added. 

slowly· th:rouih. valve P until the desired 1ri1tial 

pressure was attained. Valve K was closed and the 

bomb hented to the dea1:,,$d tempc,rature. The absorption 

ot ox.:ygen. at a pJrit1cular tempentu:re could be toll owed 

by re·e.dlng the pressure ··gage G at frequent 1ntet"ltela. 

When a constant pre,un1N readinl,J was obtained th• 
bomb waa oooled to room temperature, the product 

r'emoved and analyzed.' The analya1s 'Waa acoomplisb.ed 

b;r d&oompos1t1on ot tbo aam_ple with a catalyst· 

solution which ,nu., 21'6: w!tb Peapeot to hyd,:,ochlor1c 

aold and lM in terl'10 oblor1de, us1n,g the gas volumetric 
method. Fi-om. the 0011rectad voluine ot oxrgen evolved. 

per gram ot p:r-oduot, aesum1.ng onl1 peroxide ·and 

superoxide, to be pNBent, the weight poi- cent of 
sodium $U.perox1d& oould·be· calcul&ted using the 
equation, 



22. 

roe I oxyg~n , evolved / gttom p~~uo t - lY:Y:] x 100 ,, !h Na02, L ' 162 

where tbe numerator 0£ the bttaoketed. term ropNsents the 

oo. or oxygen evolved peP. gl'am beyond tnat required tor 
pure sodium peroxide and tne denom1natop the dif'f'erenoe 

in co. of oxygon evolved per gram between pure sodium 

superox.lde and sodium pel'Oxj.d.th 

The starting matEll'1al ( du Pont Oalorifio Grade) 

analyaed. as 99~ sodium pel"Ox.ide. calculated on the 
. . "'· t?m&ia ot the total oxygen evolved upon. deoompoaition 

with the bydrocblorio aoid-tettx-lc oblori,ie · solution 

mentioned abovo.. The presonoe ot carbonate was tested 

tor- by pas,age ot tbe gas evolved. th~ugb oonoer1~rated 
potase1um b:yclrox1de solution and noting any decrease 

in volume. The sodium peroxide used in these exper1• 

menta pl"Oved to be oarbonata fl'ee. To avoid 

deoonrpos1t1on due to exposure to atmospner1o moisture 

both starting moterisla and produota were bandled. 1n 

a d17-box oonta1n1ng phosphorus pentox1de. 

Prel1m.1nary experimente uslng 1n1t1al oxygen• 
pNtSSU.l'GS at room tompcrn:•a·turo X-&.fl!Jing from 2 to 32 

. . 

atmospheres showed no measurable absorption ot oxrgon 

up 'to temperatures ot appl"Ox1mntely 2$0° O. Above 
. . 

this tempei-ature tbe sodium pel'(>xlcie bad a tendency 

to Naot with th& walls or the Pyrex corltaineit and 
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become c1eoom;:ioaed. A.s the atal'ting pressure was 

1noi-eased this reaotlon,became negligible and studies 

at higheP temperatu-r•s and.. pressure a . •ere made with• 

out any appl'eo!oble deoompos1t1on taking place. It 

was.found that,. as the p:ressu-re and the temperstu?Je 
we:re increased, the final p~duot becsmtt more y·ellow, 

and, upon analysis, evolved more oxygen than did pure 
sodium peroxide. In oriel'.to make a s11temat.to study 

or the.conditions of temperature .and pressui,e. 

neceaaary tor ms.ximum ,:-eaotlon Qt .oxygen w1tb aodiwn 

peroxide a sex-lea ot l'Wl& waa made with an initial 

preeauN or about 2000 lb. pel' sq. in. The selectior1 

or tb1s pressure was dictated by the l1m1ta.tiona ,of 

the e.ppars.tus. The results ot th.1e st~dy are 

summa:r1~ed in Table II. The t1mt1 allowed tor :reaction 

wae 100 hours. A study ot the effect of time on the 

extent ct tteaotion. sbowerl, that at .a. temperature, ot 
400° o. the quantity ot oxygen absoi,bod attel' 100 

hours was negl1g1ble.. The results ot this atudy are 

ab.own .1n Table III. Ocmplete reaction would occur 

in a snorte!l length ot t1m.e tor temperatui-ea above 

400° ·o. 



'!'ABLfi II 

. !Fte Absom?t1on ~ot ,C!X?l?jen .. by S~dium,,Peroxide 

.. 
Na;202 Temp. ( 0 0) In1t1al press. cc. 02(S.,T.P.) -Calculated 

fo:r 100 (atm.) at ele- evolvod per- g. Na02 g. hou.:ra 11&ta,d temp •. of prodt1at 

9.9 32 137 140 0 

11.2 1$0 187 147 3 
11.2 200 20.$ 161 ll 

10.1 aso 222 181 24. 
11.1 JOO 238 21.$ 45 
12.4- JSO 257 274, Bl 
10.) 400 280 286 88 
9.8 la.$0 ·:--: 281° 292 92 'tt. 

11.2 490° 298 291 92 
-

a Goi-rJcted tov the 11' 1mpu-r1ty pr,cuent in the eta.rt1ng 
mete-rial. 

b A small leak devel.oped 1n the sy&t$m 1n tb.io run. 

c The PyNx 11nex- was• attaok.ed by tne oxide mixtui-e 
· causing the formation ot a white residue at the 1.nte?"• 
faoe or the glass and the oxide. 

a 
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TABLE III 

The Er.feet or Time on the Extent oi'.Reaotion Between ---~-~.....,:;;;;.;;;.;;;;......,;..:;;;;._.;..,;,,;,.;;.....,;.;;;:;.;;;..:;;,.,~--"" - ____ li_J,_ 111• ,, ....... · . 

· · ~odium £t.t9z.ld! .~nd 9!J:!an .!t !Jrooo ct a 

Na20z T1m$ · (h:re • ) co. 02 (S.T.P.) Oalculated 
g. at 4000 o •. evolved :pe~ g. .~ flao2 b 

ot product ,........, .. - .... p. • . 11;, ' . 
1$.0 1 198 36 

12.0 ·242 60 

10.s so 201 8$ 

10.4; 100 286 6.6 

11.0 2.$9 291 89 

a The 1n!t1al oxyger1 pressure to~ eacb '!'Un was 
2000 lb. pe:v sq. in. 

b Ool!'tteoted roi- the 1$t impurity presl!nt in the 
starting material .• 



With inorGas1na oaygen absorption by tbe sodium 
. . 

peroxide in the bomb, at inereas1ngly highe:r 
temperatu:res tuld pressures• the colo!" of the t1nal 

product changes from a taint yellow to a bright' 

yellow .and finally,, et tetttperstures above· 350°, becomes 

briwit orange. It the reaction temperatui,o 1s h1t1her 

tb.an ;oo0 .0 .·, tbe tinal pttoduot haa the appeaztance ot 
· a fused bomogBneoua masa wn1()h may reo.d11y bo pulvett1zod 

1n a mortar. The powder thus obtained 1s unifo:rmly 

yellow and b1gbl7 hygroscopic •. Upon exposuro to 

atmospnerio moisture 1t evolv•e oxya;en and grad~ally 

losea its yell.ow color. Oont1nued expoeuH to the 

atmosphei-e loaves a white r0sidue wh1oh 1 a a mixture 

ot aodiu~ pe:roxtde and hydroxide. The yellow 
. ·. ; '. 

matel"ie.l reaotes vigorously with water with. the 
formation.of oxygen and sodium peroxide in solution. 
The material appea .. ret to be. stable 1ndef1n1tely- when 

stored 1n . a deal ace.tor ova:r phosphorus pentox~de. 

The addition to the yellow material ot a 20 
pet' cent (by voltime) solu.tion ot glao1nl ,t~et1o 

acid in oai-bon tetraohlol"ide causes tho oxygen 

absorbed by the peroxide in tho bomb to be released 



almost quant1tat1velJ. (Data showing tll1s are given 

in the section entitled 1• Analytioal Metb.ods'1 1n this. 

report.) The anhydrous oal'bon tetrachloride was used . 
es an inert diluent tor the mcetio acid. 

' , 

Treatment 

ot the Jtesidt1e with an excess ot potassium iodide 

aolutlon and t1tt-atlon ot the 1odine liberated with 

standard th1osulta.te so1·utton · showed the presence ot 
about 9$ per cent ot the original peroxide used. The 

· reaction w1.th wnte'r d&SOl'ibed above and the bohav1or 

towtards glacial aoetic aoid is exactly that to be 
expected or a supet'ox1de. Kraus and Parmenter (19} 

have shown that potassium supePOxide decomposes in. 

water in accordance with. the equation 

Ac1d1f1cat1on or a.superox1de wo~ld be expected to 

g1ve tne unstable acid H02 wh1oh would decompose to 

hydrogen pet'Oxide .and oxygen. 
The ohemioal oompos1t1on, physical $ppenranoe 

·and·reaotions or the ye~low material formed by 

reaction between sodium p0rox1de and oxygen leave no 

doubt tbat it contains large percentages ot sodium 

supet'oxlde, Nao2 • . t.lfo:PeoveP• magnetic studies (d1s-

ousaed below} show that.the material is highly para-

magnetic, the moment calculated tor pure sodiu.'11 
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auperoxide being in excellent agtteemont w1tn literature 
valU$S to11 potassium 11upe't'Ox1de. 

tilosnet~o. Stud1t§ , ·' ' , 

Aa shown 1n tne pi-eoeding seotiona. tho l'eaot:ton 

botween sodium peroxide and oxygen at elevated 
pressu.r&tJ and temperatures 71elda products containing 

aa muon as· 92$ eod1um superox1de. .Since supo:ro:ddos 

elth1 b1 t a. marked pa!'amegn.et1 sm ( 20 • 21, 22) owing to · 

the presence ot an unpai'red elootl'On in the ion 
. •l .Cs 6 .:.:.t ?J,J · , 1 t was decided to atudy tbe magnetio 

pl'Ope-.ties ot tht• new oompound in ol'der- (l) to 

det$m1ne its etteot1 ve magnetlo moment; and (2) ,to 

investigate tbe poss1b1U.t:, of employing magnetlo 

mensuret:nents tor tho q\lW'lt1tat1ve est1mat1on ot sodium 
superox1de in the pNsenoe ot d1amagnet1e impurities. 

Tb.e susceptil)111t1ea wol'O measa:red with a.Gou.y 

magn.Gt1.c balance equipped with an oleotromagnot or 

tile type doscv1bed by Shaw .(23). The e.pp11ratus waa 

calibrated with deaera.ted distilled w.ii.t•P and aii-, 

fott whiah the volunio suscept1b111t1es at room 
temperatu~• weN teken ea -e.120 x 10-6 and 
,'0.029 x 10-0, respect1vel,r.• All ma~netlo 

* The details of the Q9.Ub:rat1on and a 1$.mpl• oalculs.t1on 
a.:re givt\n in Appendix l. 



eusoept1b1l.it1es 1n th1a T.'epo:rt ar-e g1ven 1n o.g.a. 
} 

un1ts. All measurement.a WGttl!'I made f.ilt ~om tempepature 

using a maximum f'1$ld ·stl'&ngtl:i of 6800 gaussfuJ. The 

oyl1ndnoal ae.mple tubes employEui had · cx•cuur-aectional 
areas ot 0.495 o~ 0.187 sq. cm •• and, when t1lle4 to 

.. 
a t1xed mark 8 om. trom the botto·m• contained about 

Ol" 2. 
SNS• ot sruapla. The samples wert prepared by subject• 

1ng sodium peroxide to bigh oxygen preasureaat 
ditte:tent ttmpepat.uPea according to the ll'letbod. already 
described. Tllo fused product obta1ned f:rom the 

- ' ' ' 

l'eeotion 1n the bomb wa.1 gPOund 1n an agate mortar 

in a dry-box and the . po'Wdel' trsnsftn•t'6d to the eampl• 

tube. Afto?' an evera,;e or s&ve:Ptll me:g,not1c rEJad1ngs 

was obta1nod, the totsl oxygen evolved (eo. at S.T .. P,) 
pe~ ~rriam or m.atox-1al. 1rt. th& tube wiu!l deternt1ned. by th• 

gas volumetric motbod &s prev1ouely deacP1bed... The 

. gl'ani au.sc&pt1b111t1ea, calouleted fx-oni tile Gouy change 

in weight and tbe known field strangth, wera ool'l:l'ected 
to 20° o., asa·wn1ng the val1<11ty of Out"ie• a Law, 

'Xni :: +,. wbeN Xu ts tne molar auso•pt1b111ty. 0 ia 

the Ourle'oonstent &nd T the &b$olute to.mpersture.• 
The values thus obtained \Ve~e plotted aga.lnat the 

u- Tne equations and m.ethod ot calculation used 1n 
obta1n:1~ the gi-am susoept1b111ty or a sample site 
desor1bed 1n detail 1n Appendix II. 
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per' cent aoditua aupettox.td-., ·as eaio"uletl)d trom·the 

t.otel- oxygen eyolved upon daoompos1t1on with hydro-

oblor1o aoid-fel'ria chloride catalyst solution. It· 

is estimated that the magnet1o meesurements are 

accurate to f. .:;% and the chemical ana.ly$e& ( .from the 

total oxygen evolved) to f. 1%. Pai-t ot the eM:tOx- 1n 

tbe suscopt1t>1l1ty m0m:ou:rementa is due to non•unifoPm 
packing or tho powder- 1n the SGlnple tube,. 

The magnetic data obtained ari, suntmar1zed 1n 

Tables IV and V.. TbfJ data of Table IV were plotted 

to obtain the .calibration curve $hown 2.ncPigure II .. 
It .1a evit:loi'lt f'~om · the values or · the gram su.so&ptl• 

b111t1os shown 1n the table& that the· t'aa.ot1on between 

ox1gen a.'ld sodium peroxide at high temp<n":!ltu:res ond 

.Prasaur$$ yields a his'hly parama.gnetio produot. 

Furthera10l'&, the gram euaoapt1b111uy ot this p:rodu.ot 

. increases lineat-ly with tbe q~ant1ty of ox.yg8n 

absorbed {1nd1coted. in Fig. lI by ari 1ner1u1sing 

oaloulated weight,& ot sodium aupet'oxide). ·Sxtra-
polat1on of the 1trai1Jht line 1n P1th II to a quantity 

ot oqgen absorbed oor.Nsponding to 100% conveN1on 

to sodium auperoxide gives tor the 'gram t1uac.e,pt1b111ty · 

ot th1 a aubst&"loe a value of: l lloO x 10-6. Tho 

"etteotive magnet1o moment,'' p-, tor pure sodium 
' , 

superoxld.e vu,1,s ealculated trom . the well•known Pelatlon. 
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p. • 2.83 /-i M f, where T is the absolute tempol'ature 
and 1. f4 the mola.r &usceptibili ty.. Tbe value obtained., 

2.07 mola~ Bobi, magnetons, 1$ in excellent agreement 

wi, th the moments or other superox1dos (2,0, 21, 22) 

i-epor-ted 1n the litoratu~. 
The tact that th& plot of g:rani · SU.S(U)pt1b111ty 

vs. weight of sodium superoddo 1e linen'!' 1nd1oe.tee 
that Wiedemann• s mixture law (24,} is being followed. 

In this case, t.he law eaaumes tho raid.liar tom, 
1- • t 1p1 -I ~P2,• wh•-re -X. ia the suscept1b111tJ or tb.e 

mixture, -X1 end X2 the auacept1b111t1ea or aod1um 

peroxide* and sodium supePox1de riespeot1vely, and Pl 

and. P2 the·rospeot1ve weigb.t .f?tact1ons ot the two oom-
pou.nds. The 11near1 ty 11 ot s:1gn.1.f1canoe 1n two 

x-eapectiu (l) it indicates that when &odium perox1d.e 

reeota with oxygen at high te.mperatures and pressures, 

the fottmat1on ot an -oxide 1ntermed.is,te 'between_ the 

peroxide end euperox:1d.e is quite unlikel7J and (2) since 

the contr1but1on ot d1amagnet1o subste.nces 1s emall 
compared to that or the superox1de, it permits the use 
ot magnetic ttHJu1su1remerita for the i,ap1d dotemination or 
aodiuni superox1de 1n th.e prtu1enoe or dianiagnetic impurities. 

0 The sodium peroxide used in thes0 experiments WI.ls 
tound to be 41a.mqnotio 1 having a gi-am ausoeptibllity 
or -0.23 x 10-6. 



TA.Bt.E IV 

Magnetic Sm.,·oept1bil1t1ea or Ne202 • m102 f.41xtures 

.Y,sed, 1n ,Plgtt1n1 Oa:\1brat1on,g_l!tVe (P~Jl•, lI t 

co. Oz evolvti\d % Na02 8• euacept1b1litJ 
2e:r .S• .erodU;Ot {chemical)• .x 106 at 20° o. 

142 0 ... o.a3 
161b 11 /. J.7S 
199 .370 ,t12.s 
224,b so .,£16.9 
22_$. S.3° ,'17.4 
2t~9 66 ;21.4 
.asb. 69 "22.5 
.261 13 1'21.2 
282 86 1,2.1.1 
266 66 /.29.S 
288 90 /.29.2 

---•--•--·-•-sr1-u,, _______ 1~,.,., ... ,. •v._...~---•~\ 

Note: The first foul' magnot.1c results show-n 1n 

this table were obtained using a eemple 

cell of 0.495 sq. cm. cross~eectional area .. 
The other tnat;net1c values vH,re obtained 

using a smalle'l' oell of 0.187 sq. cm. c-rosa• 

aect1one.l area. 

32 .. 
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a · Th.e wei1;b.t pe:r cent sodium superoxide was .oox-reot~d 

tott the l~ 1mpur1ty present 1n the stirt1ng material 

according to the method deaoribed in Appendix lV. 

b Tlie;u., samples weN synthetic mixtures me.de by 

grinding sodium ptt-roxlde with p~oduot from the 

'bomb. 

o. The v.u:i!~ht per cent sodium supe-roxid.e wns oo:rrected 

roi:- the J;( 1mpuXtit7 preset1t in tho ste.'f't1na; material 

aooord:1ng to the method described 1n Appendix IV. 

d The we1~ht per cent sodium s·upet'O'xide we.a 

calculated tl'om the magnetic data by means of 

~wiedemann • s mixture law ( 24.). Tb.e method of 

calculation 1a dieoussed 1n detail in Appendix 

III. 



37. 

Tbe data ot Table V show a comparison ot the 1:iagnetio 

with the ohomioal analy.sea •. ~ne pezt oet1t sodium 

aupe.roxide WGa oelculated ,rom·the grnm susoept1b111tJ 
ot the stunple by maarus ot the. Wicdet11ann law, . using the 

value ot 33.0 x 10•6 (obtained by extrapolation from 
tbe plot of FiguN II) tor the su.scept1v111ty of' pure 

sodium sup~l'Oxide. 

t1 thium Poro,;14,e Studi e~. 

L1th1ut11 peroxide wna prepared by the reaction 
ot )01' hydttoie;n peraox1ile solution on lithium byd·Nxide 

monohyd~ote (tiOB.a2o). o.ooordinSJ to the ecauation. 

2L10H I, 2B20a ...., Li202•82<>2 ./, 2H20 

Ao<lol'd1ng to de Forcrand (2$) the preo1pltate obta.1ned 
' has tbe tormule, L102.a:202.)ll20• The product wa.e 

filtered from tho mother- l1quo:r- and dP1ed over 

pllosphoz-us pentoxide 1n a vacuum deeicoatott to~ two 
tnonthi, before being used in the bomb. During the 
dryi:ng period samplf'i>s were removod. and analyzed fott 

;,or()x1de content. A f1nel pl'Oduot oonta1n1ng 96j 
11 tntum peroxid.e was used toi- the bomb studies. 

In the first experiment a ae.wple (12.0 grerns) 

of 11th1umpesrox1de wes placed 1n a Pyrex l1nEit- in 
the bomb and t1'eated with oxygen at vax-1ou.e 
temp8.ra.tul'ea and ptteaaurea. The moles (Vl) of' oxygen 



px,eeent at a.ny time wore . oalou1stad frQ1n the temper .. 

atul'& and pI"e$SUN or the ,;omb by menus ot ti mod1f1 ... 

cation of· thG id.tfa.1 ti;1ts lr;,w eqlu~tion. 

iv8 .C~ :/. o<{T8 - 1t~)J 
·Y1 = . . . . ... .....:..- I 

PV G 

where Z: 1s . th& nitu1suNd pressure (in absolute 

atmosph.~'1"$4}; ,vg the. volume or tho 'bomb at the cali• -
bration temp&Tt.ature Tff .(21°. o.); la a oor.rection -taotor which includes the eApanslon ot the bomb with 
t$mpert¼tm.•~ as .~ell .BS the. tempera.ture· gradient in 

the eonneetton between tha.bomb nnd the left valve 

(see Fif;u~a I); \i'G 1a the .volume or the gf-lge; .T8 is. 

the temper.stul"& of tile bomb; . R is tbe gas o onstant 

expt-eftsed 1n co-atm. pe-r deg~ee Kelvin. , (lore 

detatled 1nt"ormatlon oc;,neern1n.g this equation 1tt 

given in .App~ndix v.) Gage re~dtugs ta.ken at trequent 
1nt$rvals Jt each temperaturs and pressure shown 1n 

Table VI (Experiment 1) gave no evidence of oxygen 
abso:ttption. 

A aeoond 1.ui.:perbnGnt was oar.-r1od out with 4.9 
gx-ams ot 11 tntum peroxide st&tttin(! at a,n 1n1t1sl 

oxy~en pressure of' 1$3 a,tm •. at x-oom temperature. The 

temp&rntttre was -r«11iaed b:,_ $0° 1nor-nents, starting at 
. . ._ • •! • 

100° _o. , b11t no . oxyg~n abaot-ption was . observed up to 

temperatu:ree of' 250° 0 • and pressul'ea of 2;,q. atm. 



The ttmiporatu:res ,·and prallHJu-res st wbion obsel'vat1ona· 

W&?'e made in this study aro also' shown in Table VI 

(Expe-r1ment 2) • 

TABLE VI 

Qogdi;_t1ona ot: T,emeora.ture .and Pressure at which Litq!wq 

Pel'Oxi de · dog a ,,.n.,ot A~J;"~ .... Qetsen 

Experiment l 

·mxpo:r1mont 2 · 

T •!P. , _0o,. 
22 

100 
22 

100 

1$0 

200 

2$0. 

29 · 
100 

1$0 
aoo 
2.$0 

.. 
Pressure (atm..) 

27 ,·, 
33 
.;.o 
J.6 

3.9 
~-3 
4,.7 

l.$4. 
189 

214 
234-
255 



Stud1@8 with Oxides of' the'Alkallne Entt~h Metals 

Ba-r1tun Pe;cg;dde" Merck• s enbydi-ous barium 

pel'Oxid_e (minimum a&say claimed, 6£,j barium peroxide) 

was analy&Gd by deoointH,si t1on w1 th hydrochloric acid• 

fettle chloride solution bJ the gas volumetric method 
' ' 

and was ,tound to contain only s1i barium peroxide on 

the basis ot th~ total oxygen evolved. A sample 
-~ ' 

(ll.O git.runs} ot the matet-ial we.a tNe.ted. with oxygen 

in. the bomb at a t<m1peratul'e ot 450° O. and. a pressure · 

ot: )lq. atm. tor 30 hou-rs. Tbe. bomb was cooled to :room 
tompePature, the oxygen bled ott:, the product Nrnoved 

and analyzed again. The ~esults.ot the analy'sea 
be.tore and after trsstment t11itb oxygen weN ae 
followst 

' ' ' 

Before treat.ment with o~gen 
Atte~ treatment with oxygen 

Loss 

co. Oa evolVGd (at s.T.P.) 
per gram mater1a1· 

38 (average ot J results) 
28 . (avenge ot 2 retults) ............. , 

lO oc/g~am. 

The pro(tuot from the · bon1b was a tuoed. homogeneous dark 

gx-ay mass v;b1cb could be readily pulvett1zed 1n en agate 
mortal'. 

Oa.lo1mn Peroxide. Colet.um pet-oxide (turn,tsb.ed 

by the du .Pont Oompe:ny:1 Wilmington. t)alawai-e, with a 



minimum assay, 75j calcium peroxide) was analyzed 

by decomposition with hydttaoblor-1c_ ao1d~t'e~ri1o. 

chlott1de solution by the ,;es volum.et-rlc method and 

was round to contain only l~ calcium p0~oxide on 
the bnsis or the total oxygen e•olved. A sample 
(11.·a g,..ams) ot the mater,!al was treated with oxygen 

in tne bomb at a temp&i-ature of 4-50° C • end a pres sare 

of 291-220 atm. fol' 4,8 hours. The pPeasure decreased 
trom 291 to 220 atmospheres du~ing the heating because 

ot a leak in the apparatus. Since the tinal product 

appeared wet with moistutte and bad no; changed in 

oolo-r at all, it was concluded that thff atai,,ting 

material must he,ve oontained. mo1stut-e and 1t was 

ve17 unlikely that oalotwn superoxide could be formed 

undett these eomii t1ons. Oommel'oial peroxides (exoept 

barium und et~ontiuin per-oxtdea) aN usually prepared 

in the "wetn way, thereror-e the starting material 1n 
this expel"1ment was probably the common. ootehydrate, 
Oao2 .aa2o. Anothe~ sample of oalc1uin peroxide 

(minimum aesay claimed, 60~ calcium pel'Oxide), 

received trom the Bu.rtalo Eleotro-Chem:1cel Oompan:y, 

Baftalo, New York, wa1 alto treated with oxygen in 
the bomb. The material used 1n this expex-1ment was 

first dried for 6 houra at SS0 o. 1n a •aouum oven 
and cooled in a des1ooatoi- ove-r pnosphol'Ua pentox1de 



ovem1gb.t • It was then treat~tl wt.th oxygen. at a 

tempera tu Po or 11,00° O. and a p1'&$sur-0 ot .320 atm. fof! 

20 houl"s. Analvsea of' the f1 nal prod.t1ct yielded the 

value or 3S ce. o2 (at S.,T.P.) ev-olved pei:r gx,,m of 

matel'lnl. which co-x-re!\\pondn to 23% calcium pe'.t'oxide. 
T~e :pro:luct did not a:p~al' to hnve undergone any 
physic al ehQngG clue to ·the oxygen tre~tment exeept 

th.at tha sl1gntly tan ahadG of the sta~t1ng mat&:r1al 

bad completely- di$ap9t1ar&d. 

9,a,le;uzn. Oade and Jtjagnesium In orde.r-

to ve1•1fy tho wol"k ot !1'1soher ond Ploetze (16) and 

HoltEtl'lnann (18} the monoxides ot caloium and 
magnesium (Baktu,• s o. P. matarial) were r1nt 

1g:n1 ted . ovemf.ght at !..;o0 a. and atm.oapbe:ric ,pressure 

and then ttteated w1 th o.xygsn at tempe?"s.tuPeis of 11-~o ... 
480° o. and pres:Jures from 280-221 atm •. fox- .40. hou:ra. 

'l'he pl"'fUJSUtte decr~uured ~m 288 to 221 . atm, during 

tb& heating becaus$ ot a leak in the &ppara,tua • · 

'l'he prod.uots obtained we:re perteotly white as be:tore 
With no apparent physical change tram theitt original 
powdered state. Trea.tment ot the residues "W1'bb 

hytili,ocnlor1c ac1d-te:rtt1o chloride solution gave no 

evolution or gae which lndicated that neither 

superoxide no~ peroxide waa tomed. 



Tb.e method ot deco!npos1t1on with acid oatslyst 

solution used tor tho determination ot superodde in 

thia 1nvest.1gat1on was pa:rtiuula:rly 'suitable bees use 

the sts:rt1ng mntettial for the sodium peroxide-oxygen 

atudies was 99% putte ttnd contained no carbonate. 

Sinoe sod1um-peNx1de and supel'ox1de we~e the only 

substances prtuJent· capable or· evolving a · g~s a.nd s1nee 

the per cent ot ·1mputtity ·in tha· ats:rting ma:t0r1al 

(betore treatment wtth oxygen) wn.s known. it w.na 
oompa.l"atively a1m.ple to oaloulate the weight pe:r cent 

ot sodium 8\lperoxide present in the product from th.e 

bomb.: Howevel"', 1n· other oases,; especially 1n the 

oxidation ot' metals directly or 1n·11.quid ammonia 

solution, aupet"tO.x1d._e and peroxide may 'be present 

«1long with such,1mpur1t1es as monoxide, hydroxide, 

amide• n1tx-1te and ot1rbonate. For- such mixtui,ea a 
direct rnothod for tbe detel'm1nat1on ot peroxide and 

&uperoxide is needed. The ao-callod two-step method 

ot analysts develor,od by Kraus (19) ls supposed to· 

till this noed, but 1·t, too, appeuu·•& to be un-

satisteotory. In the two-step procedure, the 

nti~ture or oJtides 1s added to 1oe-oold water. tbe .. 
oxygen evolvodfx-om the euperoxide is meaaux-ed, and 



the resulting perox1d~ aolut1on .is catalytically 

decompoeed to give a seoond volu.~e or oxygen. From 

these data and the weigh.t·ot the m•tal oombinod in 

tlle oxides (o~ the.total weight of the o..tidea), the· 

composition ot the material can be calculated. 
Although the theoi7 ot the method 1s sound, 1n practice 

lt 1s 1mposs1ble to add the m.1.xed oxide eampl& to wat0r 

without obtaining some deoo111~os1t1on or peroxide 

because ot looal hes.ting. 

!n the pl'esent investigation nn attempt wgs 
made to develop a metho4 tor the di~eot dete~minatiou 
or peroxide · and supe:roxide in e. mixt11-re ot oxides~ The 

method 1a based. upon the f'aet th.at wben aa1d.1s added 
to · a .aupeNxide tbe unstable acid BOa 1e formed, wnioh.. 
decomposes nccol'ding ~o the equation 

2H02 . .-+ H202 /. 02. · 

Moasureir.ent or th.e volume ot oxygen l.1berated.sbo~ld 

g1ve a direct value toi- superoxide oxygen. This ia 

bomc,.out by th$ data ot Tabl$ VII which shows that 

pe1'ox1de• undEtr a1m1lar tttee.tment, decomposes only to 

the. extent of 2)6. The equations involved 1n the 

method are g1ven-belowi 

Fix-st step 

1. Na02 ,' AoOH 4- fiaOAo ; HOa 

2.. H02 ·?tH202 /. t02 



Second stGp 

}. C' i+,;;,. 

l. Na202 /. Jµl.-! f 4z• .--:,. . 2NaI /- Ia /. 28z0 

2. Na20z /. ll20 21h10H '/, tOz 
11lle details or tbe procedure are as· follows: 

l. About $ co. ot dry carbon tetrachloride 

(dried ove:r anhydrous··sod!um sulfate) are added to a 

mixed oxide'swnple ot about o.io to 0.20 g:tte.ms. This 

voluute ot otirbon teti-achloPide neeq not be exe,ct but 
., 

it must be added carefully to avoid splattering of: the 
.aample on the sides or the cell. ffbe analysts oell 

used in tlleae expeiiimenta eonsiated ot a cyl1ndr1.cel1 . 

flat~bottomed, Pyrex _glass tube ( _l 7/16 in. outside 

d1uoter) equipped with a 29/42 ground•glass joint. 

The overall length of' the cell we.a about 6 in'. and it 
was oonnected by oap1llary glass tubing to ages bur-et. 

The apparliitus wae the ssune as thet used 1n the total 

oxygen determination by the gao volumEttrio method. 

2. The cell 19 then cooled 1n an 1oe beth (a:t 

o° C.) and bu'ret readings taken until equ111b:riu\l1 1s 

attnined 1n the cloned sy~tem. 

3. Exactly 10 oo. of e.eetio. acid aolutlon (20fo 
by volume. 1n carbon tet:raohloride) are added from a 

10 oc. pipet to the reaervoir above the cell and 

allowed to pasa into the cell slowly. with st1n1ng. 

(A magn~t1o stittr&r is re4u11'ed.) Aft$¥' all the acid 



has been added the stirl'1ng is continued and buret 

readings taken eveey S minutes until a fairly 

46 .. 

constant ttead1ng (within 0.2 co.) is obtained. 

oe-pendlng upon the quent1 ty ot superoxide present, 

this may take anywhore trom S to )0 minutes. ·The 

yellow colo~ due to supel'O&ide sb.ould have dia&l)l'HH.l'ed 

eompletely when the final bur-et -peading ta·taken. 

4. Exactly 10 ao. or aold!o potasa1um.1od1de 

solut1on<tt a?-e then added, with sti-:rring, and the 

st1rl'1ng cont1nuoolunt1l a.conitant bux-et.reading 1& 

obtained a• 1n stup .3. The cell must be shaken 

vigorously severo.l times by band in this step in order 
to obtain_oornplete res.otion or the peroxide residue 
with the potassium. iodide solution. 1rb.ere :must be no 

sol1d !,resent in the 2•phaso mixture •hen the final 

buret reading 14 taken. 

$. Af't$r wasn1ng down with distilled water o:r 
preferably oax-bon tetraohlori<le the iodine solutio·n 

which may have been· 9hakon -on to the upper portion• 

or the oell, the analysts cell 1a Nt11oved tr.om the gas 

buret system and th6 iodine liberated by the peroxide 

titrated with standard sodium thio,ulf'.ate solution ... 

* fiede just before use by m1xing $ -oo .. ot _;$~ bf volume 
acetic acid solution in ea~bon tetrachloride with 
$ co. ot 20,, KI solut1on (aqueous) • 



The per cent sodium auperox1de 1a calculated 

trom the difference in .. buret readings ot steps 2 and 

,3. The volu.m.e.tbut obte.1nod1a ool'reoted to S.T.P. 
and·the blank fotl' the acetic ac1d solution subtracted .. 

The pe,... cent sodium pel."'ox.1de ia _oaloulated t:rom the 

oo. or standerd sodium th1osulfate used 1n step Sand ; . - . ' . 

the oxygen evolved.by the decomposition or some _ot 
the p&roxide dut'!ng 1ts reaction with the potassium 

iodide. _Thie second vc,lume or oxygen ls obtained 

fro~ the. di·tteNnoe in bu:ret . 'PQad1nga or a tops 3 and 

4-• OO'Vr$O'bed to S.T.P. With the reagent blank 
subti-acted. Reault.s obtained by this method .a-.re 

-· ab.own in Table VII. For oompal'1uon, _the pel' cent 

sodium superoxide <uiloulatGli fro11 the total oxygen 
' ; ' ' . ' . ' ; . 

evolved upon docompos1t1on with ao1d oatalyst 

solut1on.1a given in tbe laat oolumn ot tlle ,table. 

· It .. ts evident from the results . shown in 
. ' ' ., 

fable VII that the per oen.t sodium supe:roxlde · obtained 

using the acetic acid method. checks tairlJ olosel.J" 
witb. that obta.1ned by total oxygen analysis. In 

every case, however, tho calculated percentage ot 
sodium peroxide is low. In view ot thtlJ ta.ct that the 

samples of aod1um perox1de (97% putte by the total 
oxygen method and cal'bonf\tG tree) analyaed alao gave 
low results by about the same amount, 1t appears tbat 



TABLEVll 
: 'Im liP!!¥,,sis· ot' tttxed t,dde: Usln, tho Acetic Acid-Carbon Tetncbl.or.tda Vethod _ I . ll ~1. _ .. f.. .. . I l . H . 

cc. ez· (ati S.'l.P.) · cc.~· (at s.t .. P.l cc., t.h1o. $ , •. '$!fa0ztJNn. evolved lit Ac:OlI evolwdli"KI 

o.a 
.801n.. (.0973 R) 

~7-
SBa02 ·11a02 I '?ot;Jl. 93rgen ~lved 

·t o.lah 2.~ 
0.191 ·u.6 1.2 37.7 
O~llh l&.6 .1.1 2~3 

. ' 

0.127 15.2 1.9· 21..7 .... 

0.231 11.1 1--1 21.l 
0.117 20.h 0.9 17-4 

• 0.12) .. · 0.1 1.1 2h.8 
* 0.302 0.9 3..6- ~o 

. 72 

7.l 

29 
34 
21 

a 
87 

86 

l2 :: 13 
'.: 

12 : l 
-: 

61 : t 
'I 

$9· l 
:: 

67 = 
' as .. • 
t - ; 
t, - I 

"" 
8) 

69 
·10 
86 

-· --
* b used Sn these ..,,,.sea._ aodim perod&,6 cerbonate ~. m ·pure on tbs 

ba&1o or tlil total. •gen evo1"8d.. 1lPOll ~tion 111th acid~ dutitm. 

& • 



all the peroxide cannot be quantitatively determined 
by tb1s rnethoti., It is aiitn1f'1oant that the per cont 

sodium peroxide 1s low bJ an avere.ge ot 10~ 1n tbe 

oase ot samples or mixed oxides and also 10,; low toi-
97/, sod1unt pe't'Oxid& semplos. Fui-thermoJte, the 
quantity· ot o.xygen libePated f'X'om tb.e pure peroxide 

samples by the acetio acid ool'raspon;:la .to the 

deoompos1t1on of only 21' sodium pe:rox1de, wbichwould 

1nd1os.te that the ai.tperoxide dete-rm1nat1on could 

poes1b1y g1,11e results wb1oh check the total oxygen 

method to w1th1nf~. Apparently the oh1et lose or 
peroxide (about tt,) ooeura iu tho second atep ot the 
m.etbod., namely, tlle addition ot th.e potaas1wa1od1de 

and tbe ·tttrat1on of tbe liberated iodine with aodium 

thioaults.te eolutitin. The second atep, even w1 th 

meesui-e:rnen"tot the o:qgen evolved due to decomposition 
ot a sma.11 poi-tion or the peroxide duiting 1ta reaction 

with tbe potassium J.odtde. doeenot quant1tat1v-,ly 
detet'mine all the perox1.d$. 

In order to obtab1 information oonoe'rning the 
crystal structure or sodium supel"oxides, samples ot 
sodium peroxide treated ._.,1th oxygen at high tempei-ature 
and pressure ware sent (in VG'l'J tine capillary- tubes) 



so. 

to or.Leo Brewer or the Un1vet's1ty ot Osl1tor-nia fo:r 
X•ra:, d1t£rtaot1on studi•s• lntormat1on obtained from 

the:se studies about tl:'u1 orysta,l; lattices pr&sent and 

tho1~ •1m1lax-itJ to those ot other auperox1dea would 
be of jons1dex-able 1nterGSt and 1mpor-tenoe in the 
study or the new oompound,.sodium super-oxide. Samples 
containing 12. 70, So.and 90 per oents sodium auper-
ox.ide have been sent, each 1n d.upl1oat&. Prel1m1ne.r., 

exper1m&nts show the px-esenoe of two phases, one ot 
wh1oh d1ae.p:pears upon exposul'e to the atmosphere. 
Also a o-rystnl lattice s1m1lar to, but not identical 
with, that or potassium superoxide appeatts to be 
present. Tbe ~sulte are not 7et oonolueive, howGver. 

end the •ork 1a at1ll ln px-ogr-eas at the Un1vex-aity ot 
Oal1fom1a. 



Tllet attec1pta to ms.ko lithium .auper-..>x1'1e, the 

o.nl7 r..lluil1 rnettil superox1da wb.iob has not y~t · 'boen 

pre1n1X"$d-. have 30 far beon unsuccessful. lore 

l1t.f"l..11un fJOri.l.:d.de shoU-lf1 be prape.x,sd aceord!ng to tho 

nietho,1 or d0 Ii'orora.nd (2.$} or any- other :netho~ \\ihioh 

will give the pure µercr.tide; o.nd the <WJ aa.rboua.tiS•· 

i"Ne mato1 .. i1al t rea.ted w1 th oxygun at higher' tempetta• 

tul'.'es and pl'ese,.1tte1 than those emµ,loy1Jd 1ri this 

1nva:otigat1on. 
In regerd to the preparation ot th& supe~oxi·des 

or the e.lknline earth tf!Att-.ls. the GXperit'nf.tnta' &ta1"t:tng 

w1tb peroxides and motu:.>xides. 4nd treat1ne; w1 th oxygen. 

at hit~ preiuru1'es allould be continued at a aeries of 
dift~N11t temperetitrea up to the limit of the 

$.pprAr&tu8. Ir, view or th$ tmoceas or the work w1tll 

eodiut'\1. poro%ide, it would seem desil"sble to st,u:t 

with. the pure alkeline ear-th metal p~Nxi,les, if' 

theto can be obt&innd. It this procedure :ra1la, it 

would be o.dvinnble to attompt burning the alk•l1ne 
earth meta.la in oxygen at high temperature and pi,oaeuNt. 

The ox1do.t1on of the alltaline earth metels 11 buirates 

lesa heat than does the combustion ot the alkali metals •. 

The conte1ner probl&m should theret·or'!', ~& less diftieu.lt 



to solve. Stainless steel c:rueibles we~e not t~ied in 

the wo-r-k.Vi1th sodium and might be t1tuitable fox- burnlng 
the metals., 

Magnetic studies should be mnde on m!&tul'es of 

potassium auperoxide with. d1e.magnet1o ma.tin•ial 1n 

order to prov1rle a cal1bx-at1on curve which could . be 

used tor swnples containing .tbia superox1de. 



$J. 

SUMMARY 

l. The roact1on between sodium metal and 

oxygen nt elevated tempe:r&tures a.~d pressures results 
in the .rormation of a bright yellow product ·which 

contains sodium supel'Oxide, 

2. Tbe roaot1on·between sodium pel'Oxide and 
oxygen at elevated tempe:ratu.rea and pressures also 

gives sodium auperox1do, Yield$ aa h1gb as 92% sodium 

auperox1de have been obta1ned. 

J. Some.of the more important propel"t1es of 
sodium aupel'Oxide have been studied.,, Experiments have 

been pe:rformad which eahow that aodium eur,erox1de 
resembles other .known st1peNxides in 1t,s chemical, 

physical and megnat1o properties. 

ff_. Magnet1o measu-Pements on the products ot 
reaction between sodium peroxide and oxyg•n show a 

·lineazt relationship when gttam suscept1b111ty 1s 

plotted against w,e1gllt p_&l'· cent of aod1wn supel'Oxide. 

Extrapolation to l00j sodium superoxidea gives an 
ettect1ve magnetic moment ot 2.07 Bohr magnetons for 

th.ta compound. Thia value 1a 1n ·excellent agreement 
' with those raported 1n the 11te:r1Ature tor other- super-

ox1dea. 



' • . • I S. The determination of sodium supe-rox1de 1n 

the p?'asenoe or dia111agnotio 1mpull1 ties may be e!'.f'eoted 

w1 th Na.son.able .aooui-acy by means or t.beJmasnetic 

m8thod. 

6, Tztea.tm,erit or. lithium pet'Ox1de ·W1th oxygen 

up to 1'emperatures or 250° O. and pres•utttu1 or 2$$ .. 
o.tmoapherea does not yield .atV bighel' oxide .• 

7. No higbe~ ox.idea &l'e formed when calcium 

and magr1osium ox1dee &f'e tPeated with oxyg&n at -

temptn'n.turee ot 4,So-4800 o. and preaaures ot 221-·288 

atl.'l\Ospheres. 

a. Titeatmrant or impure oalelum pel'Oxide with.· 

oxygf&n e.t a. temperature ot 400° o. and e. pressure ot 
320 atmosphet!'ee does not result in the torrnation of a 

high&r oxide. 

9. ~o highoi- oxide is tor-med when impt.J.l'."e 

barium pel'Oxid& 1s tl'aated with oxygen at a t$1nperature 

or 4S0° O. and a preaeure or JJ.4. atmoephei-es. 



APFENOI.X·l 
Oal1b:rat1on e>f' the Gou'.9' Magnet1~ ~E!l~ll2,!. 

The Oouy balance used in the magnetic m0aaure• 
ments was oalibl"a1:tid with treahly boil~d, diotilled. 

watel'., the volume auaoeptiotlity or wnioh was taken 
as •0.72.0 x 10-6 at ~ooni tenipernture. The empt7 cell 
was tt1rst wa1ihed 04 the magnetic bala11oe with e.nd 
•1thout ou.~rent th:-ough the elootr,om.agnet. Similar 

weighings were made with the oell .tilled to a 1"1.xod 

mark with water. Fztom tbes& de.ta and the v-olUw11e 

susoept1v111ty of air, ;!0.029 x 10-6, the flel. d 

at:rensth ! ot the· megnetio field was oalou.14:'·ted. · A 

sample calculation for the cell with a cross-sectional 

area ot 0.1,-95 sq. on,. ls g!vGn below1 

pell ,emptt 

cui-:rent ott 1$.4.594. S• _ · Temp. 2.3° o. 
1$.4..553 Current 4,.,0) amps. 

· ( change in wed ght) W1 -o. 00~1 

Q!l!....!.1:th W9f;O£ 
current ort 
OU'l9Nnt on 

19.4162 
19.4.034. 
.:o.01ll,8 

Temp. 2.3° o. 
Ou:rnnt 4.61 amps. 



Galoulation ot Pleld Strenl<{·t-b !I 

.. n2 = 1,2000>.< ,wa - _w1>,. • 
(a:re~) (l..,019) (Kw - :K8 ) 

In the equation above the ,u,ea 1n t~e denomtnato:r raters 

to the oross-sootlonal flt-ea o~·th& cell; tne t"1lotor 

1.019 converts mtllig?'ams to dyne a; (Kv, - Ka) represents 
' ' ·, ' . ' ' . 

the d1tf«iaenoe between the volume susoent1b111ty or air 
. . ' . ; ... . 

and water and 1s equal to -o. 7!4,9 x 10•6• 

a2 = ·.{2oq_q2 {-o,01t.,:\ i.~o..&.20.2.1L __ 
(0.f1-95) (l.019} (•0. 749 X 10•6) 

= 4·r. 1 .x 106 

H = 6900 gausses 

-------
See tteferenee (26) .in bibliography .. 



APPENDIX II-

,Paloulat1on ,or a,iun ~usceg~1'b111 tz, 

The gram sueoept1b111 ty ot a &ample can be 

calculated from the Gou:, cbs.nge in waig;ht w3 to'I> 

the sample a.nd the aal1b'i!:"at1on data. lfhe Oouy 

change 1n. welght .1s obtained by weighing the ooll1 
. . ,- . . 

.t'illed to a fixed mark with powde:redsample, •1th and 
_without ou'rrent passing through the electl'Omsgnet just 
ae 1n the oalibvation. The data. and calculations ror 

a sample conta1n.1ng sodium auperox1de are given 
bolow: 

current on 

ourttent·ott 
21.0467 g. 

20.913s 
,'.l.352 

Temp. 22° o. 
Ourrent 3.60 amps. 

- 0.13$2 X ,{~aSD)!: 0.2110 g. 
- (3.60) 2 

W&lght cell,' sample 20.19.35 S• 
Weigh·t cell alono 1$ .4$94" 
Welgbt sample $.1,.Slµ. 

X8 (gram suso.) at 22° 0. = . ~2ooott W3 - Wi> 
a2(al'ea) (1.019) (appattent density) 



SB·. 

, =· .~o.p~32).< w3~ w1Hvo~. _or cell) x 10-6 
(weight or sample) 

; -6 : 12.q. X 10 



Al' .PEt:OI.X I II 

.Q.!!oulatton or Pei- Cent Sodium Suoel'Ox1(le From 

Magnotio Suaoe;etibtli,t;r 

59. 

The Y1$1gh.t per eont or sodium superox1de can be 

calculated from the Wiedemann Ltix.ture Law uslng the 

value ot 13).0 x. 10·0 fox- the gram suscept1b111ty ot 
pure sodium supe:roxide end -0.2; 1:: 10-6 tor that or 
pure sodium p&roxid0. In this oas•• tne·iaw aanwnes 

the te.mi~ia-r torm, ?<.. • X1p1 -/. 'X 2p2 •hare -/.. ls tb.e g:ram 

susaept1b111ty of the mixtuN, 'Xi and t 2 the gl1'&m · 

susoeptibil1t1as o!' sod1urtt pel'.'Oxi<le a.nd eupe:ro1tide 

reepeot1vely,· end p1 $nd pz th.e l'~8pect1ve wt"tight · 

fractions ot the two com,ound.s. A sample oaloulation 

using tbe gre..m susceptibility at 200 a. obtained in 
Appendix II, is shown below: 

,c. - i(_ I r, + ;(.z.: Pz. r, - l- F~ 
X. :: X 1 (1-Pa.) +- 'X-, Pi .. 
-x.. =- A. I + P2. (-x..z.·_ x..,) 
P1. - X. - x_, 

x.. -x. l.. ' .. 

X. + .O• :l3 ' I "2• S"'° + O · "2... 
= - i°3• 2.... "33•2. 



APPEmlIX IV I 

qal.e';!lntion ot Per Cent ,§.qt11um Suporoxide Fro!' 

!_h,f! Totil.l Oxxgen 'E;_11ol ved 

60. 

In_tho preparation ot aodiwn su.perox1d.e the 
peroxide is troated witll osygcn ~t hign temperat-qre and· 

pressuro a:nd the pex- cent sodium nuperoxide c&loulated 
from. the, total oxygen evolved lr.,· the sample upon 

decomposition with hyd?"ocbloric ec1d-ferr1o chloride 

solution. It no impurl tills nl'e · pt-cu1ent ln the starting 

peroxide the oquation, 

f co~ q,:ye;o.!lovo1 u~"'°"' nt'Odµct - 1!~ Jt 100 • JiNao2 

is satist"aotor.,. 11.'ha numeratoi- of tlle bttJoketed term 

Pepl"esents·the oo. ot oxygen evolved per ~ram beyond 
that ·.requ1 rod fott puro sod1mn peroxide and the 

denora1natoP the difference 1n cc. of oxygen evolved. 
per- grnm. between putte sodiwn s_uperoxide and sodium 

perox1do. In most cases• ho'itiever• the starting 

material 1a not 1ooi pure and per oent 1mputt1tJ must 

bo c.o~reotad to~ in oe.loulat111g the por cent sodium 

auperoxide in the final p-roduot. Oommer,cial sodium. 

p&roxide is sold 1n Vet"f1ng degreea ot pu:rity ranging 

up to 991'. The sr:nnplea ot sodium peJ'Oxide ( du Pont 
Oaloritio Grade) uaed in theee expex-iments analyzed 



61 .. 

97.99$ pure by the .·total oxygen method.* The follow• 

1ng Gmpir-loal .equation waa employed tor the calculation 

Qf' the per oent sod1um suporox1de, taking into account 
the 1mpur1t1es pr-aiu,nt: 

. },00(ce,02L&t nr9.duo\lL • JJ+h,(100-1',.,1,m12ur1t~l : ;t;ttao~ 
lb2 ·. . . · c. 

Tne pc~ cent impu:ri ty or ta1rly pUl'& peroxide can . b$ 
determined b7 total oxygen anslya1a. It' carbonate !.s 

present, 1t Olln bo d11teP-n1nod by patuiag& ot the gas 

evolved through oon0Gntt1st&d potass:tum hyd:ro:x.1de 
solution and not1n.i any deoresse in volw1ut. 

I • T ....,_, 

* No carbonate was round. to b$ pro sent in tb.1s material. 



. AP!\EtiDIX V 

Calib:rati-:>n or the Stainless Steel 801nb -----------------------
In some or the experiments pe-Pformed with the 

stainless stel;)l bomb during this investigation tho· 

absorption or oxygen by a given. weight ot sample was 
tollowed·quant1tat1vely trom.tempe:rature and p:,resau.?'a 

read.!ll}is. In ON$l' to aooomplJ.sh th1a it waif . 
·1ieceasary · to oe.libra.to tb• apparatus. The volum$ or 

the bomb and oonneotions to the gag• were 1'ound using 
the o.p;,e:ra1a1s illust·x-ated in Figul."e J. 'l'he syste1u 

was connected to the oal1bra.t1ng apoara.tus through atop-

eook 13, presf!lure w11a applied by ro.1s1n!.J th&· leveling 

bulb and the deo:i--emse in 11olume measured b1 means or a 
gas buret. · From the tnoreaae in pressure. aa measured 

by the constant levol manometer and the volume or gaa 

add$d, as read trom th.a buret, the volume ot_tbe 

system could be oaloulated. The mols (n} or oxygen 

present at any time were oaloulated f1'om the tempera-
. ' 

ture and preesuz,e or the bomb by u1&$.tls of o. mod1f1ost1on 

ot the-idet!l gas law equation• 

n • PVa C1 /- o( (TB - T8)J /. 
RT 

PVo 
RTo 1 

wl:uu1e .f is the meast1~~d p-ressure (1n absolute atmospheres) J 



V~ the volume ot the bomb ~t the calibration temperature -0 0 . - fa (21 C .. ) J .ta a co"eotion factor wh1oh 1noludes the ... ' . .,, . 

expan~ion of the bomb with tempez-stu?ie es v.·&ll as the 

tempera.tuN grad1ttnt in the connection between the bomb 

and the left vnlve (aee Figure I); !o is the volume ot 
,, 

the gsgf-'J 1B is the tempe?'ature of the bomb;.!! 1s the 

gfta constnnt •~reea~d in co~•atm. pel' degr&eltelv1n. 

VnltttlJS c.f watt~ obtainsd by' taking a nu.mb&P ot 
tempettt;itnrttt tmd :p-ressuNt J'&.ad1ngs., subat1tut1~ 1n the 

•·. ' . 
above. f!lqust1on, and nolv1ng tox- ~. .The av0rage value 

at wna oalOtJ.lated to be 1$.. l ,:. ·10•4. 
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