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I. IRTRODUCTION

The superoxides are & group of oxygen compounds which
have come into some prominence in recent years and have been
the sublect of considerable investigation, They are not a
new class of compounds. Potassium superoxide, formerly
called potassium tetroxide, was first described almost a
century ago.

The alkall and the alkeline earth metals are the only
elements which have been reported to form superoxides, Of
the alkall metals, the superoxides of potassium, rubidium,
and cesium have long been known although only recently so
named, The methods of prepsration, the physical and chemi~
cal properties, as well as many of the thermodynamic
properties of these compounds have been reported, More
recently, several methods of preparation and the prinecipal
physical properties of sodium superoxide have been estab~
lished, The superoxide of the remalning alkell metsl,
lithium, has never been reported, The literature on the
alkaline earth superoxides 1s very sparse. There have been
reports of the formation of oxides of these metals which
contained more oxygen than could be accounted for by elther

the formation of the normal oxide or of the well known
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peroxide, The interpretation of the composition of these
compounds or mixtures has been of a conflicting nature,
This investigation was undertsken to determine if the
alkaline earth metals formed superoxides by the actlion of
hydrogen peroxide on different alkaline esrth metal com-
pounds, and the effect of the concentration of the hydrogen

peroxide in the reactions,



II, REVIEW OF LITERATURE

A, Btructure of the Superoxldes

Pobagsium superoxide, originally ealled potassium
tetroxide with the assigned formulea K@Gﬁ, was first described
by Harcourt (9) in 1861, At that time, he deseribed fully
the method of preparation as well as the physical and
chemical propertles of this yellow to orange oxilde of
potassium, 1In the years which followed, other of the
alkell metals were reported to form similar oxides, The
alkall metal oxides of the general formula MpQ), were
assigned the nmme tetroxides as it was believed that they
were ionie compounds containing the ﬁh”a anion analogous to
the &u*z enion in the tetrassulfides,

The postulation of the 3-electron bond by Pauling (27)
later led him to suggest to Heuman (2li) an investigation of
the structure of the so-dalled potassium tetroxide, Pauling
believed that the compound might contain the 0,”% anion
having a 3=electron bond, He also held that such & compound,
containing the 0,1 ion, would be colored and parsmagnetic,
while the compound, if containing the Qk“g ion, would be
colorless and dlemagnebie 1f analogous to the tetrasulflides,

The yellow to orange eolor of the so-called potassium
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intensity of the cubic phase and the higher the econcentra-
tion of the superoxide., They stated that the symmetry of the
cuble system required that the superoxide ion have & dige
ordered orientation in sodium superoxide, This, they
reported, was reasonable because for the larger potassium,
rubidium, and cesium cations in the superoxide erystals, the
dumbwbell shaped anion had more roomj therefore, the
coulomblc cation attraction would be more dominant and would
consequently orient in the direction of the nearest cations.
In the cubie strueture of sodiuwm superoxide, the attraction
of sodium ions would be uniform in all directions. They re-
ported the unlt cell dimensions for the alkall metal supere
oxides as shown in the following table, |

Table 1
Cell Dimensions of Alkall Metal Superoxides®

Axis NaO, KO, ‘RbO, Cs0p

ng® 549 1 5,71 & 6.01 & 6.29 %
npn - 6,76 2 7.0k 4 7.28 1

&7able adapted from ?&mpie%an and Dauben, J. Am., Chem.
Soc., 72, 2251 (1950).
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These authors reported that the oxygen-cxygen distance
in the superoxide ion was in the range of 1.33 % 0.06 2.
They pointed out that 1f the superoxide ion was considered
to have a single bond and a 3«electron bond in the Pauling
sense, then the bond distance of the superoxlde ion might be
expected to be intermediate between that of the oxygen
molecule with a single bond and two 3~electron bonds, and
that of the peroxide ion with a normal single bond, These
distances were given as 1,2076 2 ana 1.47 ¥ o.02 1
respectively, of which the mean was 1,34 ﬁ, Thias, they
pointed out, was in excellent agreement with their‘axperi*
mentally determined value of 1.33 % 0.06 4.

There have been no structure studies reported on

alkaline earth metal superoxides,

B, Preparation of the Superoxides

Mve general methods have been established as methods
for the preparation of superoxides or methods which result

in the formation of superoxides,

1. The sction of air or oxygen on the metal, hydroxide, or
peroxide

Hareourt (9) described in detail the preparation of KO,

which he carried out by passing air over the freshly dis-
tillled metal at a temperature of 100° ¢, Holt and Sims (12)
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studied the action of oxygen on freshly distilled lithium,
scdiuwm, and potassium and reported that only the latter
metal gave the superoxide, In both of the above reports,
this oxide of potassium was reflerred to as the tetroxide,
Neuman (2l;) used this method of preparation of KOp in his
structure studies previously described, De Forerand (5)
reported that the yellow peroxide, NapOp, was the higheast
oxide of sodium obtained when heating the metal in air or
oxygen, Rengade (32, 33) reported the preparation of the
oxides since named superoxides, of rubldium and cesium by
heating the metals in oxygen, Placher and Ploetzer (8) re-
ported the preparation of the superoxides of potassium,
rubidium, and cesium by the actlion of oxygen on the respec-
tive metal hydroxide using pressures up to 100 atmospheres
and temperatures renging from 375° ¢, to 570° C, Yields of
superoxide ranged from 70% to 90% by this procedure,

Kleinberg (18) stated that spparently the most important
faoctor with regard to the formation of superoxides by the
burning of metals seemed to be the size of the cation.
Lithiom gave the monoxide as ﬁh@ highest oxide, sodium the
peroxide, while potassium, rubidium, and cesium gave high
yields of the superoxide by this method,

In a United States patent of 1947, a method of pre-
paring potassium superoxide or of sodium peroxide was

described by Miller (23). The heated metal vepor was
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passed through a heated chamber with excess alr or oxygen,
The product was described as beling precipitated by means of
a Cottrell precipitator,

Bone of the superoxides of the alkaline earth metals
have been reported prepared by the action of alr or oxygen
onn the metal or metal hydroxide, However, a Jermen patent
issued in 1943 to Stepaneck (§42), covered a method of pre-
paring a higher oxide of caleium by heating caleium peroxide
in an atmesphsre of oxygen from S00° €, to 2000° C, under 2
to 100 atmospheres pressure for at least 100 hours, The
reaction was described as being carried out in the presence
of a complex salt, (CaK)pPtp{CN)yp, as a catalyst., The
product, which was not described in eny detaill and to which
no definite formulation was made, was to be used as a rust
inhibitor,

In 1949, Stephanou and co-workers (l3) succeeded in
preparing sodium superoxide by treating samples of sodiwm
peroxide with oxygen at temperatures ranging up to 500° ¢,
and at pressures up to 300 atmospheres., They reported that
there was no appreciable absorption of oxygen by the peroxide
at presaures below 32 atmospheres and at temperatures of
less than 250° O, As pressure asnd temperature were in-
ereased, the final product beceme more yellow and finally
bright orange as the ratio of superoxide to peroxide in-
ereased. A high yileld of 92% sodium superoxide was attalned
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during the oxidation process: K,0; K053 3203; and Kégh
(actually KOp). These authors were the first to describe
the formation of the sesquioxide, KQQB, which they cone
sidered to be the chocolate~brown material formed in the
liquid ammonia solution of the metal intermediate to the
formation of the light cream colored Kz0p and the light
yellow colored Kp0,. Ralkhshtein and Kazarnovskil (29, 30),
at later dates, reported evidence from thermal data which
indlcated that the sesqgquloxide of potassium was not a
chemical compound, but that it was simply a mixture of the
peroxide and the superoxide, Helms and Klerm (10), as well
as Klemm and Sodomann (19), used this same method of prepara-
tion in their structure studies of the sow-called alkalil
tetroxides,

Joannis {(13), as well as Kraus and Whyte (21), reported
that considerable hydroxide and nitrite were formed when
glow oxidation of the metals in liguid ammonia was carrled
out, Joamnis (13) reported that when sodium metal was
dissolved in 1iquid ammonia and oxidized slowly at -50° C,
by a stream of oxygen, the ammonated monoxide, ﬁagﬁ'RQB, was
formed; this compound was then converted to the sesquioxide
upon further oxidation, Schechter, Thompson, and Kleinberg
{37) believed that the interpretation of the data by Joannis
was in error as the formation of the sesquioxide was postuw

lated by this early investigator on the basis of his
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determined value of the percentage of sodium in the oxida-
tion preoduet, The percentage coxygen was determined only by
difference, It was pointed out by Schechter and co-workers
{37) that a mixture of three parts sodium hydroxide %o one
part sodium nitrite gave very nearly the same percentage of
sodium as that caleculated for the sodium content of the
sesquioxide, Nay04. Kleinberg (18) explained the formation
of hydroxide and nitrite during the slow oxidation of the
metal in liquid smmonila as possibly taking place in the

following manner:

2 Na + 0y = HagOp (1)
Na,0, + 2 Fa = 2 Nay0 (2)
2 Na 0 + 2WH, = 2 NaOH + 2 NaNHp (3)
2 NalH, + 3/2 0, = NaOH + NaNOp + NH, (k)

It was Kleinberg's experlence that even with rapid oxldation
of sodium in liquid smmonia, the superoxide produced was
badly contaminated with the hydroxide and nitrite when the
temperature at which the oxidation took place was higher
than -50° 0.

Schechter and co-workers (36, 37) were able, however,
to prepare sodium superoxide with reproducible results by
oxidation of the metal in liquid ammonia only when they took
special precautions to avoid amide formation, This was
accomplished by the slow addition of a solution of the metal
in liquid ammonia to another portion of ammonia through which
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peroxide., No higher oxlde was found in the products, The
solublion of lithium in liquid ammonia, however, became lemon
yellow in color during the oxidation when carried out at
-78° ¢, Although no lithium superoxide could be isolated
from this solution, absorption spectra of this oxidized
solution indlcated that lithium formed a soluble superoxide
in 1lquid ammonia at the indicated tempersture,

3. The seblon of ozonized alr or oxygzen on the dry hydroxide
or on the metal in liquid a

Investigations have been aswaﬂ@aw on the treatment of
alkall and alkaline earth metals or of thelr compounds with
ozonized air or oxygen., Basyer and Villiger (2) observed
that the action of ozonized smw on dry caustic potash caused
the dry hydroxlde %o become tinted with a oinnamon-orange
color, Upon addition of water to this substance, the color
disappeared and oxygen was evolved, They considered the
orange substance Lo be pobassium ozonate, a selt of the
hypothetical ozonic aeld, HpOy. In 1935, Welss (51) indi-
cated that potasasium ozonste was identical to potassium
superoxide, Bach (1) arrived at the conclusion that the
orange substance obtalned by the btreatment of the hydroxlde
by ozonized air was the acld salt of ozonic acid, KHQy,
Traube {47, 1;8) established that the produet of the reaction

of ozonized air with caustic potash represented a mixture of
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unreacted KOH with an orange colored substance which had the
composition KOH+0, or (Kﬁﬂ)ﬁtay. Manchot and XKampaschulte
{22) showed that the alksline earth metal hydroxides also
gave a yellow to orange colored product when treasted with
ozonized air, They reported that Ba{OH), decomposed ozone
rapidly at room temperature giving a strongly yellow colored
product. 6&(@&}3 reacted slightly wilth the ozone while
Mg(0H), did not react at all. They also reported that the
presence of water prevented reaction of the hydroxide with
ozone, |

In 1920, Strecker and Thienemann (4li) reported the
result of an Investigation on the setion of ozonized sair on
solutions of the alkali and the slkeline earth metals in
liquid axmonia, In the case of the alkall metals dissolved
in liquid ammonis, they reported that a white gelatinous
mass, which they considered to be the hydroxide, was first
formed upon passing ozonized air through the solution; upon
further asddition of ozone, this white precipitate diasoclved,
and a deep orange colored liquid and an orange colored
precipitate formed, The ease of formabtion and staebility of
this orange colored product increased in the order of in-
creasing atomic weight of the alkall metels. They reported
that eslelum and barium metals dissolved in liguid smmonla
gave a sepia brown precipitate when ozonized air was passed

through the asclutions, This sepia brown colored precipitate
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decomposed rapidly upon evaporation of the ammonia. The
unztable products were postulsted by these investigators as
being the ogonides of the slkaline earth metals,

In 1949, Kazarnmovskli and eoeworkers (17) reported the
result of an inveastigation which was initiated in an attempt
to isolate the orange colored compound formed by the asction
of ozone on the alkell metals in liquid emmonia. They
wished to isolate these produects if possible, and to
establish, definltely, their true compositlon and structure,
The procedure used in this work was modified from that of
previoug investigators, Working ﬁn&ar as anhydrous condi-
tions as possible, they passed 64 to 8% ozoniged oxygen over
finely powdered potassium hy&rmxiﬁh. The resultant colored
product was then extracted with liquld smmenis, and after
separation from insoluble mabterial, the ammonia was allowed
to evaporate, Reddish«brown needles orystallized from the
ammonia extract as the ammonia evaporated, The compogition
of this reddigh~brown product varied slightly with each of
eight preparations that were carried out., Analysls of this
product showed that it was not primarily a supercxide but a
higher oxlde to which these authors assigned the name
Yozonide" and which they believed represented a new class of
oxldes with the general fawmu&a_ﬁﬁ€63)n. A typlecal analysis
of one of their preparations was as followst K05 =~ 93.3%;
KOp = 1,3%; KOH ww },0%; the remaining 1.4% was believed
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to be principally KOHeHpO., Magnetic data gave a magnetie
moment of 1,57 Bohr magnetrons for the subsbance K04 which
indlicated a resonance hybrid structure for the ogonide ion
involving a 3e~slectron bond similsr to that of the super-
oxide lon,

In 1951, Whaley and Kleinberg (52) described the repe~
tition of the work of Kazarnovskil and confirmation of his
results in the preparation of potassium ogonide, KOqe These
investipgetors found also, that CsOH which had been finely
powdered and treated with a stream of ozonlzed oxyzen, gave
upon extraction with liquid ammonia and subsequent evapora-
tion of the solvent, a red solld -~ the composition of which
¢ould most reasongbly be assigned as 6&03 from the analyti-
cal data, They reported slso that the corresponding sodium
compound was epparently not soluble in liquid ammoniae, but
analysis of the crude product formed by treatment of the
dry hydroxide with ozonized oxygen indicated the presence
of a2 similar oxide., These colored, paramagnetiec compounds,
decomposed violently with water with the evolution of
oxyzen and liberation of snergy in the form of light, The
aqueous solutions of these oxldes did not give a positive
peroxide teat with glaclal acetlc acid as do the superoxides,
Wheley and Kleinberg (52) used the term ozonate for these
oxides 1ln keeping with the older concept that they were
anlts of ozonie acid but agreed with Kazarnovskil that this
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hydroxides or other soluble salts at room temperature., By
modifying the procedure slightly, that 1s, by the addition
of ammeonium hydroxide to a chllled solution of a barium salt
to which hydrogen peroxide was added, the diperoxyhydrate of
berium peroxide, Ba0,+2H,0,, was obtained. Above 30° c,,
under otherwise the same conditions, the monoperoxyhydrate,
BaOg*Hy0p, was reported formed, They reported that both of
these latter preparations were essentially white crystals
with a trace of yellow in the products.

Traube and Schulze (Ii9) were the first investigators to
report, definitely, the formation of a higher oxide of the
alkaline earth metals with this reagent, They reported that
30% hydrogen peroxide with calcium peroxide octahydrate at
100° C, gave a yellow colored product which reacted with
acids to form a peroxide solution and about 2.7% gaseous
oxygen, This they considered to be evidence of the existence
of an addition compound, (a0p*05, in the yellow preparation,
A similaer bariwm compound or mixbture was reported formed by
the same resction., They referred to this small per cent of
the higher oxide as a tetroxide of calelum and barium but
geemed to bellieve that it was an additlion compound of per-
oxide with molecular oxygen, In 19, Ehrlich (7) reported
the preparation of calelum tetroxide, ﬁaﬁh, by the action of
hydrogen percxide on caleium peroxide octahydrate. The
maximun content of tetroxide in the mixture of tetroxide and
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peroxide was calculated to be 5%, The mixture was shown to
be paramagnetic however, which indicated the presense of the
superoxide ion,

Carlton {3) reported the preparation of a so-called new
oxide of barium by udding excess hydrogen peroxide to an
aqueous solution of barium hydroxide at 15° C. A granular
precipitate was reported to be formed which became buff
colored upon standing; after belng dried In vacuo over Fgos
for aseveral days, a cream colored amorphous powder was re-
ported formed which analyzed as E&@Bm

4 modification of the method of preparation of super-
oxides described in this section, one which waﬁld be most
reasonable for investigation, was reported by Seyd and
Kleinberg (41) in 1?51« They attempted to prepare alkaline
earth metal superoxides by treaiment of the nitrates of
these metals with alkell metal superoxides, The reactions
weore carried out in liguid emmonis, In the reaction of
barium nitrate with potassium superoxide, a chocolate~-brown
colored solld was formed in the ligquid ammonis solvent when
a formula weight ratic of l:li of the nitrate to superoxide
was used, The product was reported to be a stable mixed
superoxide~peroxide salt having a composition Kéﬁniﬂa}gﬂé.
The reaction was formulated as being:

Ba(NO,), + L KO, = K,B8a(0,),0, + 2KHO, + O, (5)
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No other combination of nitrates of the alkaline earth
metals with superoxides of the alksll metsels in liquid
ammonia geve evidence of formsbtlon of an alkaline earth

metal superoxide or even a mixed oxlde,

5« The rearrangement of peroxide hydrates

Kleinberz {(18) stated that the peroxide hydrates of the
alkall metels rearrange when standing in wvacuo for seversl
days., The monchydrate reerranged for exsmple, sccording to
the reaction:

Rearrangement of the dihydrate proceeded in e similar manneri
3(K,0,° 2H,0) = 2KO, + L (KOH H,0) (7)

No experimental evidence was given by the author in support
of this observation, The degree of completeness of these

reactions was not indlcated,

C. Reactbions and Analysls of the Superoxides

The literature on the chemicel properties and reactions
of superoxides 1s sparse, although many of the physical and
thermodynamiec properties of the alkall metal superoxldes have
bsen determined,

Harcourt (9) stated that the potassium tetroxide, shown

later to be identical to potassium superoxide, reacted
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rapldly in dilute alkalles, water, and dilute scids at room
temperature liberating oxygen gas and glving a peroxide
solution, The equation in texts such as Partington (26},
Parkes and Mellor (25), and other standard inorganic
referente works for the reaction of superoxides in agueous
solubion is given as:

2KOp + 2 Hp0 = Oy + Hp0p + 2 KOH (8)
Weiss (51) reported that the alkall metal superoxides werse
quite stable in concentrated alkelles at low temperatures,

Kraus and Parmenter (20) were reportedly able to make &
two step analysis of mixtures of potassium superoxide and
peroxide on the basis that the superoxide liberated oxygzen
with water at 0° C, while the peroxide did mot. At room

temperature water or acids decomposed both superoxide and

peroxide,
(&) Water at 0° C,:
Ex0p + 2 Hp0 = Hp0p + 2 KOH (10)
(b} WVabter or aclds at room temperatures
zma*zﬁgemyaez*xaa + 2 KOH {11)
Ky0, + Hy0 = 1/2 05 + 2 KOH (12)

Kisinberg (18) found that determination of superoxide in

mixtures of superoxlde and peroxide by the method of Kraus
and Parmenter {20) always gave high results for the
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superoxide content, possibly due tc loecal heating and dew
composition of the peroxide, In 1951, Seyb and Kleinberg
(10} published a method for the quantitative debermination
of guperoxide in mixtures of superoxide and peroxide. This
gnalysis was aoccomplished by treatment of such mixtures with
glaeial acetic acid and diethyl phthalate as diluent at 0° C,
Two~thirds of the total avallable oxygen from the superoxide
was liberated by thils reagent under these conditions while
the peroxide present was not decomposed as shown by equations
13 and 1. The volume of oxygen liberated was measured by a
gas buret,

(a) 2 KOp + 2 HOpH40, = 2 KGpHa0p + Hy0p + 0,  (13)

{b) Ey0n + 2‘3623362 = 2 Kﬂa5363 + Hy0p - (1)

The total oxygen liberated from both the superoxide and
p&raxida'waa determined by either of two methods, The
superoxide determination may be followed by decomposition of
the peroxide remeining in the ssmple by the addition of a
solution 1 M, with respect to HCL and 3 M. with respect to
PeCly, or this same catalybtic solution may be used to de-
compose both the supercoxlide and peroxide of a new sample,
Both methods were reported to give the seme relieble resulis

for total oxygen. The authors reported that no oxygen was

found to be liberated from sodivm peroxide at 0° ¢, by the

reagent of glacisl scetic acid and diethyl phthalate, while
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water at 0° (. slways liberated varying smounts of oxygen
from the peroxide,

Stephanou and cowworkers (43), in their early work on
the preparation of sodium superoxide, found that the mag-
netic moment measurements gave a reliable ¢riterion for the
superoxide content in their preparations. They found that
the gram susceptibility of the product obtained by high
pressure oxidation of sodium per@xmé increased linearly
with the quantity of oxygen absorbed. By plotting grem
susceptibllity versus weight per cent sodium superoxide, on
the basis of the oxygen evolved, values for superoxide
content were obtained which agreed within ¥ 3% of those
obtained by purely chemicsl analysis.
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analyzed lot of Bakers'! BaOp (C.P., Lot 1831), The material
was labeled 89.22% BaO, and was indicated to be free of
carbonate and sulfate,

The per cent Ba0Op of this materlal was detemined by
both the permanganate and iodometric methods given by Wagner
{(50) for analysis of peroxides, The permangsnate method was
recommended as being the more reliable by this investigator.
In the permanganate titration, 250 ml, of a solubtion cone
taining 25 ml. of concentrated HCl, 10 ml, of 85% H4POy, and
1 ml, of 10% Mn(Clp+6Hp0 solution per liter, were added to
the welighed sample of peroxide. The titration with standard
potassium permangsnate proceeded immediately upon eddition
of the acid solution and continued rapidly, with stirring of
the solution, untll the end point wes resched, In the lodo=-
metriec msﬁhad; 15 ml, of 10% KI solution, 10 ml, of 85%
33?0h solution, and 100 ml., of water were added to the
iodine flask containing the weighed sample of peroxide, The
titration flask was stoppered and allowed to stand for
forty minutes at which time the free ilodine was titrated
with standard sodium thiosulfate solution with the starech
indicator added as the end point was neared, JAny additional
fodine liberated was titrated after another thirty minute
time period.
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b. Preparation and snalysis of barium peroxide octa-
hydrate. Several preparations of barium peroxide octahydrate

were prepared by the general method deseribed by Riesenfeldt
and Nottebohm (3l, 35). The octahydrate, a stable hydrate of
the alkaline earth metal peroxide at ordinary temperatures,
was preparsed o check the best method of analysis of parw‘
oxides, The per cent total available oxygen was determined
by titration with standard permanganate solutiom, The per
cent Ba0 was determined by titration with standard HCl solue
tlon using a mixture of methyl red and brom-cresol green |
Indicator to give an end point of blue to red in the acide
base titration, The per cent water waé calculated by differ~
ence in all cases, The accuruacy of the titrimetrie method
of analysis for ?ar cent Bad was checked on two of the
preparations of the cctahydrate by the gravimetric deterw
mination of BaSQy,

The barium peroxide octahydrate was prepared by slowly
pouring, with stirring, 50 ml, of 3% Hp0p into 500 ml. of
saturated barium hydroxide solution at room temperature,

The fine erystales of the cetshydrabte were flltered by means

of a suction fillter; then they were washed on the fllter

with water, a small amount of enhydrous alecohol, and

finally, & small amount of anhydrous sther, The preparations
were dried for a short time between filter paper and then ana-

lyzed,
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When 1t was seen that the ratio of Bal to 0 was slightly
larger than 1,00 to 1,00 as shown in preparations A to E of
Table 3 (p. 3L), the method of preparation of the octahydrate
was modified by slowly passing the saturated solution of
barium hydroxide directly into & 0.3% Hy0p solution. Pre-
eaubions were taken te prevent the barium hydroxide solution
from coming in contaset with carbon dioxide of the air. This
modified method of preparation served to circumvent the fore
mation of a film of barium carbonate on the surface of the
hydroxide solutlion during the precipitation of the occtahy-
drate, BSuch a film was observed to be formed by the original
method of preparation., Preparation F and G of Table 3 were
prepared by the modified method,

Preparation and gnalysls of other barium peroxides.
Puarther investigations were carried out on the action of

Co

various concentrations of hydrogen peroxide on barium salts,
Conditions were modified in various ways in the preparation
and treatment of these produetas in order te study the effect
on the composition, A description of the treatment and cone
ditions under which eash of the preparations were carried
out 1z as follows:

Preparation H, Saturated barium hydroxide

solution was passed directly into 3% Hp0p (not diluted).
Preparation I. Was prepared the same as

preparation H with the precipitate, however, not
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washed with weter., Avhydrous aleohol and arvhydrous
gther were used to wash the precipltate on the filter,

Preparation J. Saturated barium hydroxide
solution was passed directly into 30% Hp0p (not
~ diluted). The light yvellow precipitate formed was
‘washed with anhydrous ale¢ohol and anhydrous ether,

- Preparation K. Was prepared the same way as
preparation J., Analysis of the materlial was carried
out after the preparation had remained in a dealccator
over Aphydrone for two hours,

Preparation L. A4 portion of preparation G was
treated with excess 30% HpOp for sixteen hours at room
temperature, The material was then filtered and washed
with anhydrous aleochol and anhydrous ether,

Preparation M, Was prepared in the same manner as
preparations F and ¢ except the precipitate was not
washed with water,

Freparation M;. A portion of preparation M was
treated with excess 30% HpOp at room temperature for
twenty~{our hours, The materiel then was filtered and
washed with aphydrous aleohol and anhydrous ether,

Preparation N, Was prepared in the same manner as
preparation M,

Preparation Ny, A portion of preparation N was

treated with exeess 30% Hy0, at 0% O, for twenty-four



hours,

Preparation 0, Was prepared In the same manner as
prepavations ¥ and N with the single difference of
ehilling the peroxide solution to 0° C, before and
during the slow addition of saturated barium hydroxide
solution,

Preparation 03, A portion of preparation O was
treated with excess 30% Hy0p at 0% ¢, for twenty-four
hours.

Preparation P, Wes prepared in the same manner as
preparation 0. The precipitate was treated immedliately
with excess 30% HpOp. The bemperaturs of the reaction
flask and contents was mainteined at 55° ¢, for twenty-
four hours,

Preparstion Q. Was prepsared in the same manner as
preparation 0, A portion cof the preparation was treated
with excess 30% Hy0p at 0° 0. for twenty-four hours.

Preoparation Q. A portion of preparation Q was
kept in a 100° - 110° C, oven for twenty-four hours,

Preparation Qp. A portion of preparation Q was
kept in & closed contained in a refrigerater at 0° C.
for twenty~four hours,

Preparation R, Was prepared in the same manner as

preparation O,
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Preparation Ry, A portion of preparation R was

placed in a 100° « 110° ¢, oven for twenty~four hours,

3« GCaleulations and results

The titration deta obtained in the analyses of Bakers!
analyzed sample of barium percxide are suwmarized in Table 2
(ps 33). Runs 1 to 9 inclusive were carried out by the
permanganate method, Runs 10 and 11 were carried out by
the lodometric method, The expression used to calculate the
per cent barium peroxide of the ssmples was as followss

% Ba0, = (15)

ml, x N, of titr., soln, x m,e, wt. of BaOp x 100
whe ﬁ'*f ﬁmﬂ@

Both the permangaenate and iodometric methods of titraw
tion of the snslyzed sample of barlum peroxide gave szatis-
factory results for per cent Baﬂg. The faet that the value
obtained for the per cent peroxide was slightly lower than
that given on the label was of no partiocular concern as the
material was seversl years old, The permanganate method was
the one adopted for use in further analyses of preparations
for peroxide and total avallable oxygen because it was much
less time consuming and in general, more satisfactory than

the iodometric method,
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Table 3
Analysis of Barium Peroxide Octahydrate

Prep. % % total % __Ratlos
Ba0 0Op Hp0 ;" . 5;" “HL0

L, 28 2 Bk M i3 i
¢ B0.89 5, ol unleg 1.05  1.00 %

--& 50,91 5.0k  bh.05  1.05  1.00  7.76
13 ﬁo ” .;93‘ & oé? 10 9 1. QQ 5.03
E §1,§§ % ﬁ%a?? 100 100 79
F 50,7 £.12 45,14 1.03 1,00 7. Eg
G L 5019 l&_aa ?G 1. 1.00 7« i

b 51.11 | 2&
P 51,86 i, 98 43,16 1.0 1.00 7.7
--® 88,69 8.29 3,02 1.11 1.00 0.32

aﬁnalyais of prapa#atian listed immediately above by
determining % Ba0 on the gravimetric basis,

bﬁaanalyaia of Prep. G after eleven days storage in a
cloged bottle at room temperature,

SReanalysis of Prep. & after eleven days storage of
preparation in a elgaad bottle and an additional eighteen
hours in a 100°.110° ¢, oven.

The ratio of the constituents BaO, 0, and H,0, as cal~
culated from the percentage values determined for the
preperations given in Table 3, showed that the composition
agreed very closely with that caloulated for barium peroxide
octehydrate, By using the modifled method of procedure in
the preparation of the octahydrate, as lllustrated by
preparations F and G, sloser values to that of the theo-

retical ratio were obtained, The gravimetric and titration
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Table It
Analysis of Barium Peroxide Preparations

Prep. % % total % L Ratio
( Ba0 Op Hp0 B I 2,0

H The T8 lﬁfGl 10,21 1.0} 2,00 1.20
T ey 1n® R 5% e im
- » b .5 2 L. L« 50
K 76,94 13,58 9.&8 P & 2,00 1.2
Iﬂ 1 &?,Gﬁ 17& b 23 ?6 lga% 3¢ 00 a;%g»
2 oBE o8 En 1B iR I8
¥ 1372 5.10 4518 1,02 1.00 7.8k
69;‘ 18* & 21.@@ 10&2 d?@ Qﬁ
Ao ézﬁg% 13.%9 18,0 1% 300 26
0 19,32 5el3 hga 1.00 1.00 ?;82
P 73. 5 13:5’& 12,61 1Qm 2,00 1»65 ‘
-l 70,97 lguﬁ?? 1%«55 0.9 2,00 1.56
“""& Qs 33 13#&-2 »3’1 11?@ gn QG 1&@ 3
@ 66,07 15.55 18,38 0.87 2,00 2,10
R :9.32 92  45.91 1.0l 1,00 8,29
Ry  89.4€ A1 1,73 106 1,00 0,17

“&'p@ftiﬁn of' Prep., I analyzed afbar\aﬁor&ga of the
material in a closed bottle at room temperature for forty-
eight hours.

h& portion of Prep. K analyzed after being held in a
desiccator over Anhydrone at room temperature for twenty hours,

®4 portion of Prep. My analyzed alter an additional one
snd one-~half hours drying éaﬁns@n filter paper at room
temperature,

&& portion of Prep. Q analyzed afber storage of the
material 1n & closed bottle at room temperature for four hours,
@A portion of Prep, Q analyzed after storage of the
material in a closed bottle at room temperature for four hours
end en additional eighteen hours in a desiceator over

Anhydrone at room temperature.
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precipitation of the oetahydrate was carried out after
having first chilled the dilute hydrogen peroxide solution
to 0° €, This was illustrated by preparation O,

All preperations, which were formed by passing a
saturated solution of barium hydroxide into hydrogen peroxide
of 3% congentration or higher, gave upon analysis a calcu-
lated ratio grester than 1,00 to 1,00 of ex%mw% to barium
oxide, These preparations included H, I, J, snd K, Three
per cent mwom was used for bthe preparation of H and I and
30% HpOp was used for J and K, These preparations varied in
color from buff to light yellow, Analysis of the product
several hours after preparation, as shown for K, indicated a
slight loss of tobal oxygen when the preparation was kept in
a desiceator over Anhydrone, There was an even greater loss
of total oxygen from this preparation when the analysis was
cerried out after an additionsl eizhbeen hours storage over
Anhydrone, The same loss of total oxyzen aaaﬁ@ﬁnﬂ when the
preparations were allowed to stand at room temperature in a
closed bottle for a pericd of time as »sawamw@a by the
anglysis of preparation I after a period of forty-elght
hours.

The treatment of barium peroxide octahydrate prepara-«
tions with 30% HpOp at various temperatures are illustrated
by the preparations L, My, Ny, O3, P, and Q. These prepara-
tions were all light yellow in color, The preparations
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which were treated with excess 30% Hp0p at 0° ¢, for twenty-
four hours, nsmely, My, 05, and Q, gave approximately the
game high valuve for total oxygen content., Preparations L and
My, which were prepared at room temperature, gave & lower
value for total oxygen; and preparation P, which was pre-
pared at 50° C,, resulted in a product which was still lower
in total oxygen, The stability of these products were
11lustrated by the analysis of the preparations after

verious modes of storage. Twenty~four hours at 0° C,
resulted in a loss of total oxyszen as 1llustrated by preparae-
tion Qp. Analysis of preparation @, after various periocds

of time in a closed botile and in a desiceabor over Anhydrene,
showed & slightly greater loss of btotal oxygen,

The dehydration of the ocetehydrate in a 100°-110° ¢,
oven could serve as & method of preparing a relatively pure
form of the peroxide as shown by preparation R end Ry, This
was shown previously from the date given in Table 3 (p. ).

B, The Action of Hydrogen Peroxide on Alkaline Earth
Metal Salts with Analysis of Preparations for Superoxide
Oxygen Content

l1. Object

It was observed, during the investigation of the action

of different concentrations of hydrogen peroxide on barium
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hydroxlide as described in the earlier section of thils paper,
Table &1 {p. 36), that many of the products obtained were
buff to light yellow in color. Thls indicated the possi-
bility that the products conbalined a varlable concentration
of the superoxide of the metal, A publication by Seyb and
Kleinberg (/i0) in Jamuary, 1951, of a guantitative determina-
tion of superoxide oxygen in mixbures of peroxide and super-
czlde of the alkall mebals, led to a more extensive investi-
gation of the composition of the products obtalned by the
action of hydrogen peroxide on alksline earth metal compounds
with special emphasis placed on the analysis of these
proparations for superoxide oxygen, A systematic investiga-
tion of the effect of the concentration of the hydrogen pere
oxide used in the treatment of alkaline earth metels salts
wag undertaken,

intion of spparatus., An apparatus similar te

that described by Seyb and Kleinberg (40} was constructed for
the purpcose of determining both superoxide oxygen and total
availlables oxygen present in the preparations which were in-
vestigated, A sketch of ths apparatus used las shown by
Mgure 1 {p. 40)., It consisted of a reaction cell, F ~ G,

of about 100 ml, eapacity which was connected to a water
jacketed gas buret, J, by means of capillary tubing. The



Figure 1, Apparabtus for CGasometriec Analyses,
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reaction cell was composed of a cell head, ¥, joined to the
cell body, 3, by a ground glass joint, The solutions used
in the analyses to decompose the semples were added through
the dropping funmnel, €, which was connected to the cell
head, P, by means of the three-way stopocock, E, This
funnel was calibrated to deliver an ldentical quantity of
reagent in each determination., The three-way stopcock, D,
with the hole at the end of the plugs was incorporated on
the fumnel to fessilitabe rapid adjustment of the level of
the reagent to the upper calibration mark,

Beveral palrs of reaction cells with ground glass caps
were constructed. All samples snalyzed were weighed in one
of these cells equipped with & cap, and a second ¢ell and
cap were used as a counbterpoise, Oxygen gas, used to sweep
out the system, was drled by passage through anhydrous mage-
nesium perchlorate in B, The reaction cell was thermostated
at 0% ¢, for the superexide oxygen determination by means of
an ice-water bath, The buret reading was adjusted initially
in each run by means of the leveling bulb, K, bto the same
reading of 0.5 ml, after equilibrium was established, In
each determination, effective stirring of the contents of
the reaction cell was accomplished by means of the magnetic
stirrer, H.

b, Anelysis of potassium superoxide. A4 sample of
analyzed potassium superoxide was obtalned from the Naval
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Research Laboratories, Washington, D. 0, Several anslyses
were carried out on this material in order to gain profi-
clency in the use of the apparatus, to check the precision
of the method of analysis, and to determine if the analysls
dupliecated that given for the materlal by the Navsl Research
Laboratories,

In the determination of the superoxide oxygen of the
analyzed sample of KOp, as well as In subsequent superoxide
determinations of preparations of celcium, strontium, and
barium, a sample of the material was weighed in a reaction
cell equipped with a ground gless cap. An ldenticel reaction
¢sll and cap wore used as a counbterpolise. Exactly ten milliie
liters of chilled dlethyl phthalate were added rapldly to
the reaction cell contalning the sample before the cell was
attached to the cell head, Dried oxyzen gas was then allowed
to sweep slowly through the system whille the reaction cell
was surrounded by the ice-water mixture, After eguillibrium
had been established, the level in the gas buret was adjusted
at a reading of 0,5 ml. at existing atmospherie preasure,

The oxygzen gas was bturned off at A and E, The three-way
stopcock, I, on the gas buret was then turned end an exact
quantity (appre. 18 ml.,) of a mixture of glaclal acetic acid
and diethyl phthalate (8 vols., to 2 vols. respectively) was
slowly added from funnel, C, by adjusting the stopeock, E,

The contents of the reaction cell were stirred contlnucusly
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by the addltion of an exact amount of a solution 1 M, with
respect to HCO1 and 3 M. with respect to F@Gl3. The contents
of the aa&lywera stirred as bernre, and the leveling bulb
was handled in the seme manner, It was found that the first
several drops of this catalytic solution decomposed the
sample almost completely, A blank was determined in exactly
the same manner for the resgent as previously described for
the superoxide oxygen determination,

At first, an attempt was made to take into account the
vapor pressure of the reagents used in ﬁhe decomposition of
the samples when converting the volune of oxygen liberated
at laboratory conditions to volume of dry oxygen at standard
gonditions, It was found that 1t was difficult to determine
exactly what this vapor pressure correction would be for the
two reagents ~- the values varying also with the tempera-
ture ~~ nor could information on the vapor pressure of these
solutions be found in the literature, During a discussion
with Dr. Kleinberz, it was learned that he had not taken into
scgount the vapor pressure of the solutions used in any of
his analyses but had simply run a blank with each determinaw.
tion, The analyzed sample of KOy, 1t was learned, had been
analyzed in the same mammer, This then, was the procedure
followed in this and subsequent analyaes for both supercxide
and botal oxygen., The dsbte obtained in the snalyses cf the
analyzed sample of K0, are summarized in Table 5 (ps 55).
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¢, Preparation and analysis of some barium peroxides.
After it was established that the gasomeiric method of

analysis for both totsl available oxygen and for superoxide
oxygen was precise and accurate for potassium superoxide, the
investigation was continued with the analyses of different
barium preparations, 7The first alkaline earth metal prepsra~-
tion investigated for superoxide oxygen content was a sample
of barium peroxide which had been prepared and analyzed ten
monthe earlier., The mabterial had been prepared as the oecta~
hydrate and had been placed over PpOg In an evacuated desic-
cator for forty-eight hours, At that time, the analysis
indicated the preparation to be a very pure sample of barium
peroxide, Ten months after the preparation of the peroxide,
a portion of the peroxide, which had remainred in the desic~
cator, was analyzed in the same manner as had been carried
out earlier, Another portion of the same material was
anslyzed for both total oxygen and superoxide oxygen by the
gasometric method, The result of these analyses are glven
in Table 6 (p. 56).

It was noted that thias material, as well as several
other preparations of barium percxide which had remained in
en evacuated desicoator for ten months to a year, all reacted
violently with glscial acetic acld at room temperature, The
acid was oxidiged by the materials with evolution of con~
siderable heat and light, and the reaction was of explosive
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violence. A small portlon of KO, was found to react in the
game manner with this acld reagent while commerecial Ba0,
(89%) di1d not resct visibly., The preparations of barium
peroxide, which had been kept in the desiccator, were all
slightly buff colored, while the commerscial Ba0o was white,

An analysis was then made of newly prepared barium per=
oxide ocotshydrate and of portions of the mabterial which were
dehydrated over anhydrous PpOg. This was done to determine
if the superoxide was present in the newly prepared octahy-
drate and if the superoxide content of the prepsration of
barium peroxide, which had been kept over F305 for nearly e
year, could be duplicated 1f the cetahydrate was dehydrated
@vey‘Paﬁg for a period of only a few days., The barium pere
oxlde oetshydrate was prepared by the same method which was
found in the earlier part of the investigation to give the
purest form of the octshydrate., A saturated solution of
Ba{OH), was added slowly, with stirring, to a chilled (ice
bath) solution of Hy0p, made 0.3% by adding 50 ml, of 3%
Hp0p to water to make 500 ml. of solution. The erystals were
filtered by suction, washed with a small amount of enhydrous
ether, and dried for a short time betwesn filter paper. Then
they were analyzed or treated further as indicated,

Table 7 {p. 59) summarizes the data obtained by the
analyses of various barium peroxide preparstions. These

preperations were carried out and treated under varying
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eonditions in order to determine which econditions were
favorable for superoxide formation., Total analysis of esach
preparation was not usually made, A description of each
preparation followsas

Preparation la, Bariwm peroxide cectahydrate was
prepared by the method Indicated on page 28,

'Prep&ratian 1b, A porbtion of preparstion la was
placed 1n an evacuated deslcocator over Pplg and
analyzed after seventy hours,

Preparation 2a. Was prepared in the same manner
as preparation la,

Preparation 2b, 4 portion of preparation 2a was
treated with excess 30% Hy0, at 0° C. for four days,

Preparation 2¢., A portion of preparation 2b was
placed in an evacuated desiceator over ?265 and
analyzed after six days.

Preparation 24, A portion of preparation 2b was
placed in an evacuasted daaia@atar»avar‘ons and
analyzed after seven days.

Preparstion 3a., Berium percoxide occtahydrate was
prepared by the usual method. The entire preparation
was treated with excess 30% HpOp at room temperature and
analyzed after four days,

Preparation s, Wes prepared in the same manner

as preparation la and preparation 2s.
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Preparation lib, A portion of preparation lia was
treated with excess 30% Hy0, in a 100°.110° C. oven for
twelve ]:mum.‘ Dry residue was analyzed.

Preparation e, A portion of preparation lia was
treated with excess 30% Hy0p at room temperature and
analyzed after four and ammhsf.lf days,

Preparation lieq. A portion of preparation lic was
placed in an evacuated desiccator over P50y and
analysed af'ter seven days.

Preparation lid, A portion of preparation lia was
placed in an evacuated desiccator over PpOg and
analyzed after three days,

Preparation 5a, Barium peroxide cctahydrate was
prepared by the usual method. The entire preparation
was treated with excess 50% Hy0p at room temperature and
analyzed after sixty hours,

Preparation 5b, 4 portion of preparation 5a was
left in excess 50% H,0, for an additional seventy hours
before analysis,

determination of tobal oxygen. A comparison was made of the
two methods used to determine the total avallable oxygen con-

tent of the preparations -~ the gasometric method as used
when the analyses were carried out with the apparatus and the
titration method as used in the early part of the
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investigation with standard permanganate solution,

It was observed thaet the caleulation of the per gent
total avellable oxygen, on the basis of the volumne oxygen
liberated from the barium preparations by the gasometric
method, alweys gave a larger value than when ﬁné’samﬁ calcuw
lation was made on the same preparations on the basis of
titration date using standard permanganate solution,

A comparison of the two methods was carried out by a
determmination of per cent total oxyzen, on the basis of
titration with standard permanganate, of the analyzed sample
of KO, obtalned from the Naval Research Laboratories. The
results of these analyses, as well as the calculation of the
per cent total oxygen obtained for the same material on the
basis of the gasometric method of analysis, ere given in
Table 8 (p. 62).

e, Preparatlion and analysis of alkeline earth metal
peroxides, A systemabic investization was carried out on
the superoxide content of the produets obtained by the action
of various congcentrations of hydrogen peroxide on different
caleium, strontium, and barium salts,

Various concentrations of hydrogen peroxide, ranging
from 0,3% to 90%, were in each case thermostated at 0° C, by

an ice water bath, and a satursted solution of calcium,

strontivm, or barium hydroxide was added slowly, with
stirring, to the chilled hydrogen peroxide solution, Fifty



51

ml, of hydrogen peroxide solution were used in each case,
The maturated solutlion of the hydroxide of the respectivs
alkaline earth metel was sdded, in each csse, until no
further precipitate was sesn to bhe formed or until 1t
appeared that precipitation wes complete, The prepsrations
were then filtered by means of g suction filter. The white
to yellow preparatlons were washed on the filter with small
chilled portiens of anhydrous alcohol followed by anhydrous
sther, Each preparstion was dried for a few minutes between
filter paper, after which time the preparation was divided
into two portions., OUne porition was analyzed immediately for
per cent metal oxide by titration with standard seld and for
per cent superoxide and per cent total oxygen by the gaso-
moetric methed, A smecond portion of each of these prepara-
tions wes placed in a desiccabtor over P,0g and left in the
evacuated desicoator for ninety hours, at which time the same
series of analytical steps were carried out with this pore
tion, Tables 10 to 15 (pp. 6l to 69) inclusive, sunmarize
the data obtained in thig series of preparations,

Another series of investigations were carried out by
treating the alkaline earth metal peroxide octahydrate with
various concentrations of hydrogen peroxide ranging from
0.3% to 90%. In each case, approximately 2 grams of the
octahydrate was placed in a flask to which was added 50 nl,
of a particular concentration of hydrogen peroxide, The
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2K0p, + 2H =2 K + Hy04+ 3/2 0 (19)

K0, + 2 H = 2 K 4 Hyo + 1/2 0y (20)

% Xop = Ble of 9243‘ of sample - 102 x 100 (21)
236 - 102

% K0p = Ml of 0p/g. Zf sample x 100 (22)

When only superoxide oxygen was liberated with glaclel
acetic acid~diethyl phthalate mixture, two~thirds of the
total oxygen from the superoxide and none of the peroxide
oxygen was liberated, Equations 23 and 2l were given as
{1lustrations of these reactions, and expression 25 was given
as the calculation of the superoxide content,

2 KOp + 2 HOpH40, = 2 KCHa0, + Hy0, + Oy (23)

Ky0, + 2 HOpH40, = 2 KO H40, + Hy0, (24)

% KGE = ml. of 9%: e zﬁ'ﬁ%lﬁ x 100 (25)

Table 5 summarizes the data obtalned upon gasometric

analysis of the analyzed ssmple of KO, obtained from the
Naval Laboratories. BRuns 1 to 3 were carried out by liber-
ating total oxygen of the samples, while runs i to 6 were
carried out by liberating only superoxide oxygen. The cal-
culations made for % KOp were those given by expressions 22

and 25-
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Table 5
% KO, on Basis of Gasometric Analysis

Run  Wt. of “Vel. of Oy ml./g. % X0,
sample 85.T. P,
1 9;1283 B 23‘85 225 93&
2 «1860 %1;& 225 95.%
3 2894 5. 7 227 96,2
Mean: 95,6
% «3379 5@.% 1h9 95.0
[ ] 72 55» . 95 ‘913
2 o 72.8 11%3‘ 9&9

Meant 95,7

The data and caleulations of Table 5 showed that the
precision of the twe gasamatriu methods for determining per
cent superoxide content of the analyzed samplé of ﬁng wasg
very good, The results of the snalyses agreed closely with
that given for the material by the Haval Laboratories,

Table 6 compares the data obtalned when & sample of
anhydrous barium peroxide, which had been prepared ten
months earlier, was analyzed by the gesometric method with
that of the results of the two separate analyses of the
material by the titrimetric method,

The data of Table 6 indicated that the anhydrous barium
peroxide changed only slightly in composition during the ten

months storage over PpOg, There was, however, a slight
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Table &
Analysls of Anhydrous Barium Peroxlde

Time of % 4 -4 4 %
analysis Ba0 total Op HpO total Oy Superoxide 0,

{titri- {zaso= {gasonetric)

metric) metric)
h‘a hﬁ‘l}?& %‘39 9‘13 ﬁ.w i .
over Po,0

2"5

10 months  90.42 9.18 0.17 940 0.48
over Faas

inerease in total oxyzen content during thils periocd, The
higher value cbtained for per cent total oxygen by the gaso-
metric method was not understood at this time but was fully
explained later as the result of further investigation, The
value of almost 0,5% superoxide oxygen, which represented
slightly more than‘thraa ml. of superoxide oxygen liberated
per grum of ssmple, indicated that the barium peroxide pre-
paration actually contained a small amount of supsroxide,
The results of further investigation of the superoxide
content of barium peroxide preparations are given in Table 7
{pe 59} The equations and caleculations involved in deter-
mining the superoxide content in the preparations were calcu-
lated as those glven below 1if the alkaline sarth metal come
pounds could be assumed bto react in a similar manner as the

alkall metal compounds, When total catalytic decomposition
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% total 0, w Wl, of Oo/g. of sample x 32 x 100 (11)
*--~w~ﬁ£wﬁﬁrggﬁ

% superoxide Op = (32)

ml, of superoxide Os/g, of sample x 32 x 100
'.ét 4

A consideration of the data shown in Table 7 ahnwaa‘tﬁat
the preparations of barium peroxide cctahydrate, as 1llus-
trated by preparation la and lia, gave a consistent but a low
concentration of superoxide oxygen in the preparation, After
several days over PpOg, these preparations analyzed highar
for per cent superoxide oxygzen ass shown for preparations 1b
and hd. This shouvld not necesssrily be interpreted that
there was additional superoxide formed during stending of
the material over F305¢

When the ocbahydrate was treated with 30% HpOp at
various temperatures, a higher superoxide content was ob»
tained in the product, Preparation 2b formed by treating
the octahydrate with excess Hpy0p for several days at 0° ¢,
gave a slightly higher superoxide content and a mmuch higher
total oxygen content, The superocxide oxygen conbent
remalned approximately the same for the material after as
long as a week over P305 in an evacuated desiceator, The
action of 30% Hy0s on the octahydrate at room temperature
for a perlod of four days gave a high value for both total
oxygen and superoxide oxyzen in the product as shown by

preparations 3a and e, On the other hand, treatment of the
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Table 7
Anglysiszs of Various Barium Peroxide Preparations
Prep % % % % %
Ba0 total Op total 0y superoxlide Oy Ba(0,),
{titri- {gaso~-
metric) metric)
la  49.14 5409 5.27 0.19 1.20
b 90.40 8.80% 9.18 0.2h 1.50
2a  meP 5, 25° 5,514 e -
2v  ehuh®  19.59%  20.28 0,49 3,09
20 -— - - 0.47 2,93
24 ww- - ——— 0.45 2.8
3a 65658 18,1 2040 1.04 6.55
ha =~ wow - e — 0.19 1,20
b e ——— — 0.38 2.40
le -—— ——— ——— .77 1l.1
ey  w-- el o 0,26 1,66
Ld - ——— o 0.43 2.68
L R— —— — 1,72 10,813
5 57.77 — 8.10 0.50 3.13
8jverage of two determinations: 8,843 8,77
made bp1ank space indicates that the determinatlion was not

®average of two determinations: 5.25; 5.25
daverage of three determinationss 5.58; S.lli; 5.50
®Average of two determinatlons: 6L, 163 64 L2
faverage of two determinations: 19,595 19.59
Baverage of two determinationss 65, 30; 66,00
h&varaga oftwo determinstions: 18,503 18,13
1&#@rage of two determinsbtionas 1.723 1.72
JAvaraga of two determinationss 10.84; 10.78
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octahydrate with 30% H,0p, at 100° ¢, resulted in a product
glightly lower in superoxide content than that obtained at
0° ¢,

The action of 50% Hy0p on the octahydrate at room
temperature for sixty hours gave approximately the same high
reault for superoxide oxygen in the product as the action of
30% Hy0p on the octshydrate, However, additional time of
treatment with the hydrogen peroxide resulted in a product
with lower superoxide oxygen content,

Good precision was shown in all of the analyses as
shown by the footnotes to Table 7 (p. 59). However, it was
observed that in every case where per cent total oxygen was
determined by both the gasometric and titrimetriec method,
the formmer gave a higher value than the latter method, The
differential between the two velues for total oxygen was
greater the higher the superoxlide content of the prepara-
tions,

A consideration of the reactions involved in the titra=
tion of an scldifled solution of peroxides shows that all of
the available oxyzen would be detected in the titration with
permanganate solution, However, in the case of superoxides,
only one-~third of the total oxygen liberated would be
detected in the titration as one mole of oxygen gas is

liberated for each mole of hydrogen peroxide formed,
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K0, + 2 H = 2 ¥ + H0, (33)
2 K0p + 2 H" = 2 K" 4+ 0, + H,0, (34)
5 Hy0, + 2 KMNOy + 6 B' =

2 K"+ 2" 4+ 8 HoO 4 5 0y (35)

The results obtained by e comparison of the per eaat'
total oxygen determined by the titrimetric and gasometrlc
methods of analysls of the anelyzed sample of KOp are given
in Table 8. The caleulation of per cent total oxygen from
the titrimetric method 1s glven by expression 17, The cale
culation of per éenﬁ total axygan‘frum the gasometric method
is given by expresaion 31, The data used for the calculation
of per cent total oxygen on the basis of the gasometric
analysis were the same as given in Table 5 {p. 5%) upon
which the calculatlion of per cent potassium superoxide was
determined,

The analysis of the analyzed sample of KOy by the per-
mangenate method gave slightly less than one-third the value
for per cent btotal oxygen than that obtained on the baslis of
the gasometric method. It was consluded that the titrimetric
method of determining total oxygen by titration of the
samples with standard permanganate could not be used to
determine the composition of mixtures of barium peroxide

with barium superoxide,
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Table 8
% Total Oxygen of KO, by Titrimetric and Gasometric
Hethods of Analysis

Run W, of  Ml, of KMn0)  Vol, of Op % totel
sample solution ,T.P. 0n
1 0.2440 g 31.458 ——— 10,49
2 .3156 3?'86 [y 16’26 ‘
Mean: 10,38
1282 — 28.85 32.15
«1860 D 2}.8 32.&
0,289 i 5e 7 32.43

Mean: 32,23

\

The fact that only one-third of the superoxide oxygen
was detected by the titrimetric method explained the consise
tently lower results obtained for totel oxygen on this basis
than those obtained by the gasometric method, This was
shown in the analyses of variousz barium peroxide prepara-
tions as given in Table 7 (p. 59).

Table 9 shows the calculated values for per cent total

oxygen that would be obtained for mixtures of barium peroxide

and barium superoxide when using both methods of analysis.
Subsequent analyses of per cent total oxyzen on all

preparations were made by the gasometric method,
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Table 11

Calcium Peroxide Preparations (Table 10)
After Ninety Hours Over Pp0g

N 0 aﬂa wmdm. x ¢ am ) Nmmﬂwm. b m&. mwe
y Om PO super=~ Ca ) 2 o ot
e oxide 0, eM% 0, 22 o 0 2
0.3 Tholih ?w 0.63 2.0 18,6 21,23 k.33
3.0 T5.49 5.9 0.85 2.8 137.1  19.59 L.92
30, 75.20 m& 0.89 2,9 152.5 21.80 3,00
50, 73.90 ufw 0.52 1.7 ih1.85  20.21 5,89
90, 75.16 7. 0.9 3.1 152,0 21.71 3.13
Tatio 1t Ratio 2t

e 0 o w0 0 Hpo
0.3 1.00 1.00 0.18 1,00 1.00 0,18
3,0 1,00 0,91 0.20 1.10 1.00 0.22
30, 1.00 1.02 0.12 0,99 1.00 ?ww
50, 1.00 0.96 0.25 1,04 1.00 0.

90. 1.00 1.0 0.13 0.99 1.00 0.13
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Table 12
Hydrogen Peroxide with Strontium Hydroxide

%‘ g ﬁiﬁ/ﬁ' %‘ i -/8; i
Hy0p Sr0  super- SUpOY= Sr(03), total total Hy0

oxide Oa oxide 92 63 32
0.3 39.26 0 0.10 0.7 36‘5? 5. 55,51
3.0 39.16 g 0.13 ﬁ.gﬂ 25a6 g 5?:17
36. ?.21 Gn&g Q‘Q 0;!4,@ m 6 ﬂn
50. 42,55 0.57 0. 0.38 mmxxmw 1i7.16

90. 55.02 0.34 0.05 0.23 91.60 13,08 31,90

Ratlo 23

1.16 1.00 9.43
3065 1100 134g

0«3& 1,00 1.27
: ; ] 3 ea : 1&0@ a.QT
90. 1,00  1.5h 3,34 0.65 1,00 2.16
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Table 13

Strontium Peroxide Preparations (Table 12)
After Ninety Hours Over Pp0g

% % mi./8e % 4 ml./g. 3 %
Hy0p S5r0  super- superw &r(ﬂa)a total total Hp0
oxlide Op oxide Oy Op 0p

0,3 & 2e 0.35 1.66 87,66 13.52 2.37

3.0 8& h‘g G.a? +28 82,91 11.84 3.
30. Te2 1.0L é 90 70,07 10.01 31
50. 32.&@ 10.1 1.4 .85 92.21 13,17 lL.b
90. 85,40 Ted 1,01 .80 75.90 10,84 3.7

Ration 11 ; Ratio 2%
8r0 0O EEQ Sr0 0 ﬁgﬁ

0.3 1.00 0,95 0.16 1.05 1.00 c.g

3.0 1.00 0.91 0.25% 1.10 1,00 0.

30, 1.00 0.76 0.29 1.32 1.00 0.38

50. 1.00 1.0h 0.32 0.96 1.00 0.31

90, 1,00 8 0.31

l.22

1.00
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Teble 1i

Hydrogen Peroxide with Barium Hydroxide

4% mi./g. 4 % mi./g. 4 z

HpOp BaO  super- super- Ba(0,), total total HyO
oxide @g oxide ‘32 ﬂg @2

0.3 49.30 1.33 0,19 1,19 31&3 !:..5 h6,1
3.0 56.8? 2,50 0.36 2,29 5l 39 ; 3641
30. &h.%s 0.7h 0.11 0.67 135.1 19.&0 16,32
50. 6h.75 1.55 0.22 1.39  53.2 27.65
90.  6h.l3  0.59 0.08 0.53 Ti.22 :10.17 25,140

atio 13 Ratio 2:
“Bab - 0 2.3 Ha0 Ba0® "“‘“EE"'G""'EZ HaO

0.3  1.00 0.88 7.97 1.13 1.00 9.05
3.0 1,00 1. 33 Selt9 0.75 1.00 13
36. 1*69 3. 7 201é QC 35 1060 Q, ?5
5@; 1&@6 1;13 3&6% 0039 1&30 3«23
G0, 1. 53— 3{3 Ou 66 1,00 2.22
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Table 15

After Ninety Hours Over wmam

% % ml./g % % wl./g. £ 3%
HpOp Bs0  superw Super- Ba(0p) o aawwv total HZ0
oxlde QN oxide Qm N ON ,
0,3 B89.34 2.43 0.35 2,18 5515 7.92 2.
3.0 89,92 1,92 0.27 1.72 63,29 9.0 1.0
30, 89,73 4,09 0.58 3,67 50,03 715 3,12
WQ._ wnw..&@ 2.92 Qngm 2,62 ; WGQW 9: W.N wt@w
90, 89.73 1l.h43 0.20 l.28 2.81 8.97 1.30
Rat
Fa0 0 Hp Hg0
0.3 1,00 0.85 0.26 1.18 1.00 0.31
3.0 1.00 0.96 0.10 P-QP 1.00 1.10
30. 1.00 0.76 0.30 y.mw 1.00 0.39
50. 1.00 0.70 0.3 w-&% 1.00 0.49
90, 1,00 0,96 0.12 1. 1.00 0.13
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Table 16
Hydrogen Peroxide With Calcium Peroxide Octshydrate
% Mi./ge % % mi./g. & %
Hy0, Ca0  superw super~- Ca(0p)p total total Hp0
“ oxide Op oxide O, 0o 0y
PR 4 26’ 412 Q. 75 Q*ll Q. 35 55* 7‘ 98 65'%
9&3 ?Snaa 2‘9 Qqha 1133 153&5 21&92 3&10
3.0 27.2& 1.9 0.28 0.90 ﬁ 2 9.32 63,05
30. Ti.2h 0.3 0,05 0,15 15 .& 22,0k .72
50. 7241 7.0 1,00 3430 165, 23,63  3.96

90, h3.53 28,2 1. Ol 13,12 238.7 34,10 22,37

*”ﬁ” 1t°e lt&? ?&65 Dﬁg' 100 7133
0.3 1.00 .02 0,13 0.9 1.00 0.13
3.0 1,00 1.18 7.10 0.85 1.00 6,01
30 1.00 1.08  0.29 0.92 1.00 0.27
50 1.00 1ol 0,17 0.8 1,00 C.1

90. 1,00 ‘2075 1,60 0.3 1.00 0.
#inalysls of starting maberimi '
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Table 17

Hydrogen Peroxide With Anhydrous Calecium Peroxide

2 % m./g. % % mle/ge 2 %
Hy0, Cal super-  super~  Ca(0p), total total Hy0
oxide 0, oxide Op 0o 0z
ol 7’4“ 5*3 0' ?2 2’ mé 1 20. 8? ,30
3.0  73.1 g*& 1.08 3.15 2 23.23 3.58
30, 73.27 2 1.1 3. 166.h 2‘77 2,96
50. u%. 6.9 1.0 187.3 .?6 28,88
90, 416.89 11.9 1.7 5.5 218.1 22,67
Rati Ratio 23
Ca0 0 Haﬁ ~Cad ) Hy0
L 2 11.30 6;98 G‘% 1»02 1.06 0320
0.3 1.00 0,90 0.26 1.09 1.00 0.28
3,0 1.00 1l.11 0.15 0.90 1,00 0.1k
50, 1.00 2,11 2,03 0. 147 1.00 0,96
90. 1,00 2,28 1.51 . 1.00 0.66

wAnalysis of starting materisl.
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Table 18
Hydrogen Peroxide With Strontiuwe Peroxide Oectehydrate
% % nl.jg. % % wi./g. % %
HpOp Sr0 super-  auper- &r(ﬂa)g tobtal total Hy0
oxide Op oxide Op 0p Op

wemit 3G, 6 0 0»21& 1115 7 5&&2?
0.3 39*5 g 0.27 1.26 h% %1 g 53,76
3,0 39.47 0.35 1,67 .sa Sl. 01
2. 2430 %é’ﬁ’ EXE 13'36 1950 5 107
90, 53:53 17:8h 2.55  12.0 3 199.2 g 18.03

atdo | , tio 21
r0 ‘ 2 ' I 2

it 1&@0 1‘05 7:93 0»95 l.GCf 7»56

0.3 1.00 1.08 7.81 0.92 1,00 720

3,0 1,00 1,07  7.87 0,93 1,00 ?sgﬁ
- T

I W T ok 0.29 1,00 0.5

90, 1.00 3.
#hnalysis of BLarting meteriale
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Table 19
Hydrogen Peroxide With Anhydrous Strontium Peroxide
. Wi./Be z ‘ ml./g. % %
Hp0p Sr0 super~  super~  Sr{(0p)s total total Hp0
oxide Oy oxide Oy ]

o mm @5. 63 2;7 6; 38 1*8 12*&5 10?2
G¢3 h@gﬁ? 0‘? 9‘13 6;6 21;.19 58.&?
. She51 17.2 2.%? 11.66  101.h »h? 31.00
. Sh.3 18,8 24¢ 12,70 129, % 25¢23
90,  5h.93 16,9 2.n 116.3 2 28,45

1l.hh

0,3 1.00
2,0 1.00
30. 1.00
50, 1.00
90, 1,00

2.20
1.96

"#Analysis of Sbarbing maberial,
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Teble 20
Hydrogen Peroxide With Barium Peroxide Octahydrate
% % mi./Ze k3 i,/ 8. % %
ﬂa@a Ba0 super- g Ba( 53) 2 total total KEQ
ﬁxida 0z oxide Op Oz 02

w—nir 1O, 1.48 0.21 1.33 38,18 S5 h5.52

0.3 gs.hz 1.10 0,16 1.00 39.0 55 hﬁ
3.0 01 12,96 1.85 11,65 136,9 19.5& 1a‘h3
30. 66,16 142 2.06 12,95 141.9 20.27 3.5?
50, 6li.li3 13.13 1.88 11.80 49.7 7.10 28,27
3&.5 h.93 132,72

90. 62,35 10.30 1.7 9.26

womswa it 1»00 103? Tw?é
0.3 1,00 1,08 T+ 76

20 1.00  2.76  1.56
30, 1.00 2,9k  1.75
Sﬂ; 1.00 1.0¢ £f72
90. 1;93 0.76 L7

1,00
1.00
1.00
1.00
1.00
1.00

3s
5.9

%Anéiy&ia of starting mat&rfﬁi



75

Table 21
Hydrogen Peroxide With Anhydrous Barium Peroxide
g % mi./g. % % nley/8e %z %
Hy0n BaO super-  super~  Ba(0p), total total Hp0
oxlde 03 oxide 0o 02 Op
P 89‘?7 2.80 0.40 2,52  6l.hh  8.78 1,45
0.3 53.@1; 3.06 0. 2.75 15,03 2,15 hh.81
3.0 2 3‘85 0.55 3146 41,01 5.86 11,30
30, 7.03 8,83 1.26 7.9  L11.07  5.87 27.10
50, 6&.19 13,.%2 1,99 12,52 105.7 15,10 19.71
it 1.00 Qr?ﬂ- Qum 1»% 1.00 0.1
0.3  1.00 0.3 g.m 2. 1.00 18,
3*@ 1‘@0 1‘0 Qﬁ @‘ 1.0@ 6. &
30. 1.00 0.8 3. 1k 1.19  -1,00 410
50, 1,00 2.22 2.57 045 1.00 1,16

AnRLysis of starbing material ‘ '
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From Tables 10 to 21, which sumarize the data obtalned
by treating alkaline earth metal salts with various concens
trations of hydrogen peroxide, several general observations
were made, The trestment of corresponding ealcium, strontium,
and barium salts with the same concentration of hydrogen
peroxide invariebly resulted in a product considerably
higher in superoxide content in the case of strontium and
barium salts than with the calcium salt., With the strontium
and barium salits, the latter gave epproximately the same or
slightly higher values than the former,

In general, the preparations carried out by treatment of
the peroxide octahydrate and the anhydrous peroxide of the
alkaline earth metals gave increasingly greater superoxids
content in the resulting produet with increase in concentra~
tion of the hydrogen peroxide used, The lowest superoxide
content was obtained when 0,3% or 3% hydrogen peroxide was
uged. Contrary to expectations, the higheast concentration
of hydrogen peroxide used, namely, 90% Hz0p, usually gave a
slightly lower superoxide content In the product than that
obtained with 30% and S0% hydrogen peroxide, In the case of
the treatment of ealeium salts, however, the 90% Hp0p always
gave the highesat yleld of superoxide in the produets, No
appreciable smount of calelum superoxide was formed in any
of the producte when concentrations of hydrogen peroxide of

less than this concentration were used,
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Although the superoxide content of the preparations,
which were kept over Pp0g for ninety hours from the time of
their preparation; inereased on a percentage basis, the
ratlo of oxygen to metal oxide decreassed in almost every
preparation.

Contrary to expectations, the treatment of the peroxide
cetaghydrate of the alkaline earth metals with varlous cone
centrations of hydrogen peroxide usually gave a product
slightly higher in superoxide oxygen content than when the

snhydrous peroxide was treated in a similar manner,



IV, DISCUSSION OF RESULTS

In an attempt to secure a clearer pleture of the exact
composition of the products obtained by the treatment of
alkaline earth metal salts with the higher concentrations of
hydrogen peroxide, caloulations were made based on the ex-
pressions given below, The expressions 38 to Ij6 were
developed to caleulate the composition of the barium preparew-
tions, which contained superoxide oxygen, on the basis that
the products contained any of the following constituents and
no others: Ba(0y)p; BaOpy Hy0p3 Hoy0. It was assumed that
there would be little If any barium coxide, as such, or as
the hydroxide or carbonste present when hydrogen peroxide an;
30% econcentration and higher was used in the treatment of
the barium salts, Frecsutions had been taken in each
preparation to avold formation of carbonate,

The ecomposition must be calculated frem the three
experimentally determined values of per cent barium oxide,
per gent total oxygen, and per cent superoxide oxygen,

The ratio that was calculated was done in the usual
marmer by dividing the per cent of the constituents by the
respective molecular welghts to determine the ratio in terms

of an integral number for one of them,



(16)

% total 0, = nl, of Qa/g.’mf sample x 32 x 100 (31)
510

% superoxide O, = {32)

ml, of superoxlide 0% ge of sample x 32 x 100

% Ba(0,), = Ml of superoxide 0,/g. of sample x 100 (30)
22 273 x 167 |

% Hp0 = 100 =~ (% Bad + % total 0p) (18)

% peroxide Oy = % total 0, = 3/2 % superoxide 0p {38)

% BaO from E&(QQ)& = g Bﬁ(é,)v $;153n36 {39)

% Bad from Balp = % total BaO = % BaO from Ba(0s),  (40)

% Ba0, = % Ba0 from Ba0p x 169,36 (1)
% peroxide Oy from Balp = % 3ﬁag x 16 {L2)
% peroxide Op from HpOp =
% peroxide Oy = % peroxide O, from BaOp (13)
% Hy0p = % peroxide O. from ﬁggg‘x 3l,016 k)
1%
% Ha0 from Ha0p = # Hy0, x 18,016 (45)
3,016
% 320 (not as Hgﬂg) o
100 = (% Ba(0p)p + % BaO, + % Hy0,) (h6)

Table 22 showa the complebe composition of several
barium preparations. The action of 30% and 50% HpO, with a
saturated solubion of barium hydroxide did not yleld a
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~ Table 22
Complete Jomposition of Some Barium Preparations
| 30% Hy0p  50% H,0, 308 HaOn 9
Calewlation 0n303 22 3 %ﬁ o202 ggﬁoﬁaﬁa
of Ba(OH),  Ba(OH), BaOyBH,0 EaOj
Table 14 Table 1li Table 20 Table 21
% Ba0 6. 38 6li.75 66,16 62,98
% total O, 19.30 ?.ge 20,27 17.45
% superoxide Op 0.11 0.22 2,06 1.97
% Ba(0s)p 0.67 1.39 12.95 12,38
% HoO (by diff,) 16,32 27.65  13.57 19.57
% peroxide O, 19,14 7.27 17.18 14,50
% BaO from BaO, 63.87 63.69  56.30 53.55
% BaOp 70.53 70.34 62,17 59.14
% peroxide Oy from
BaOy 6,66 6.65 5.87 5.59
% peroxide Op from
Hg0, 12,48 0.62 11311 8.91
% Hy0p 26,53 1.32 24,05 18,90
% HpO from Hy0p .05 0.70 12,74 10.03
% HoO (not as Hy0,)  2.26 26,95 0.83 9,54
BaOp 1.00 1.00 1,00 1,00
Ratlos Hp0p 1.87 0.09 1.93 1.60
Hy0 0.30 3.60 0.12 1.52
B&‘Q&)a @.6? 1;39 121595 12136
Compo-  BaOp 70.53 70,34 62,17 59.1h
sitiont HpOp 26,53 1.32 2405 18,94
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product with an appreciable superoxide content, The differw
ence in the per cent total oxygen was readily seen, however,
to be due to the high per cent of Hy0p in the product formed
by the action of 30% HpOp on Ba(OH)z. The ratio of BaOp to
HpO0p for this preparation would strongly suggest thabt the
di-peroxyhydrate of barium péraxiag was the chief congtlituent
of this preparation, The hydrogen peroxide abntan& was
negligible in the preparation formed by the action of 50%
HpOp on Ba(OH)p. The caleulated ratios would indicate that
barium peroxide tetrshydrate was the principal constituent,

The action of 30% HgOpz on the octahydrate of barium
peroxide also showed a ratio of Balp to HpOp which would
indicate that the compogition of thﬁ'prﬁﬁuﬁﬁ éaulﬁ be guite
accurately deseribed as constituting a mixture of 86,22%
BeOp»2H20p and 12,95% Ba(0p)p. The action of 90% HpOp on
anhydrous barium peroxide octahydrate gave approximately the
same superoxide content as the produet Just deseribed but
the significance of the ratio of Balp, HpOz, and Hp0 was
not readily seen,

The fact that the same caleium, strontium, and barium
salt treated with the same concentration of hydrogen peroxide
usually resulted in a produet higﬁar in superocxide content,
in the case of the latber two metals, would indicate that
either the ease of formation or the atability of the
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superoxides of the alkaline earth metals inereases with
inereasé in the lonic radii of the metal, This same con~
elusion was supported by the expsrimental data which showed
that the concentration of hydrogen peroxide uwsed in the
treatment of the respective mebsal peroxide cctahydrate was
an important factor in determining the concentration of the
superoxide Iin the produet, Approximately the same maximum
superoxide content wae attalned with each of the alkaline
earth metals when 90%, 50%, and 30% HpOp respectively, were
used with the identlcal caleium, strontium, and barium salt,

The maximum superoxide content of approximately 13%
obtained by the treatment of the alkallne earth metal salts
with hydrogen peroxide of various concentrations was
probebly limited to such & valus beecsuse of the method of
preparation employed, The water from the hydrogen peroxide
solution, no doubt, decomposed a considerable emount of any
guperoxide formed by this method of preparation, A method
of preparation of the superoxides of the alkaline sarth
mebals that might be deserving of further investigation
would be the use of nonwaqueous solvents, Liquid smmoniae has
been tried but found unsuceessful for this purpose.
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V. CONCLUSIONS

1. A pure form of the alkaline earth metal peroxide
was formed when a saturated solution of the hydroxide of the
metal was slowly passed into a very dilute solution (0.3%)
of hydrogen peroxide at 0° C,

. 2« The acld-base titration of alksline earth metal
percxides, using s standard hydrochloric acid solution with
a mixture of brome-cresol green and methyl red as the indie
cator, was found to be a preecise and accurate method for
the determination of per cent peroxide or per cent metal
oxide.

3. A4 pure form of anhydrous barlum peroxide was pre-
pared by heating barium peroxide octahydrate in a 100°.110°
C. oven for & period of eighteen to twenty-four hours,

i« The product, formed when a saturated solution of
barium hydroxide was passed into a hydrogen peroxide
solution of any concentration of 3% or higher at 0° (C,, was
buff to light yellow in color and contained & varieble
amount of barium superoxide.

S. Preparations of barium peroxide ocectshydrate, kept

over Paos for a period of seversl days, contained a small
percentage of the superoxide of the metal,
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6. A product contalning a higher superoxide content
was formed when barium peroxide octahydrate was treated with
30% 3302 for several days at room temperature than when it
was treated at either 0% C, or at 100° ¢,

7. The actlon of 50% Hy0p on barium peroxide octahy-
drate for meversl days at room temperature gave a product
with approximately the same superoxide content ss that formed
by the action of 30% Hy0p.

8. Prolonged treatment, for five days or more, of
barium peroxide octahydrate with 50% HpOp gave a product
lower in superoxide content than when the treatment was
carried out for two days.

9. Only one-third of the superoxide oxygen was detected
in the analysis of metal superoxides or mixtures of metal
superoxide and peroxide when titrating an acidified solution
of the materlal with standard permangenate.

10, Treatment of corresponding salts of calcium,
strontium, and bariuws with the seme concentration of hydrogen
peroxide usually gave a product conbaining a higher supere
oxide content of the metal in the case of strontlum and
barium than in the case of calcium,

11, Treatment of corresponding salts of strontium and
barium with 30% and 50% HpO, resulted in a product containing
2 higher superoxide content of the metal than when either 3%
or 90% Hy0, was used,
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VI, SUMMARY

1. In this investigation the effect of various concene
trations of hydrogen peroxide on alkaline earth metal salts
was studied and the analyses of the resulting preparations
were carried out, ‘ '

2. A method of preparing pure barium peroxide and
barium peroxide octahydrate was established, |

3, Any concentration of 3% HpO0p or higher gave a buff
to yellow colored product with barium sslts,

e An appsratus was constructed to determine the
superoxide content of the preparations carried out,

5. A comparison of the gasometric and titrimetrie
method of analysis for tgt&l oxygen conbent of preparations
was made,

6., A complete analysis, including superoxide oxygen
determination, was made on preparations carried out by
treatment of alkaline earth metal salts with concentration
of hydrogen peroxide ranging from 0.3% to 90%.

T« Strontium snd barium salts invariably gave a
product higher in superoxide content than calcium salts,

8., The treatment of the alkaline earth metal peroxide
octahydrate with hydrogen peroxide gave a higher yleld of
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superoxide than the treatment of the corresponding anhydrous
alkaline earth metal peroxide.

9. Approximetely 13% metal superoxide was the highest
¥ield obtained for each of the slkaline sarth metals,
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