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I. INTRODUCTION

Before World War II sodlum peroxide and berium peroxide
were the only peroxides of the alksll and alkaline earth
metals to have extensive uses. Since the war potassium super-
oxlde (KOQ) has found use as a source of oxygen in breathing
apparatus for fire fighting and rescue work aboard ship (34).

The Germans attached extraordinary importance to concen-
trated hydrogen peroxide as a war time chemical for rockets,
submarine engines, torpedoes, and starting auxiliaries for
airplanes (25,4%0). Sodium-percxide or hydrogen peroxide,
made faintly alkalilne with ammonla, 1s used as a bleaching
agent for delicate fibers such as silk and wool where the use
of stronger bleaching agents results in deterioration of the
Tibers (29). Peroxlde bleaching, however, is not done on a
large scale because of the relatively high cost of the
peroxlides compared to chlorine,

More recently emphasisg has been placed on the use of the
alkell metal and alkaline earth metel superoxides for rockets
fuels and tracer bullets,

In order to understand more clearly the necessity for
more econcmical methods for the preparation of the alkall and
alkaline earth metal peroxides and superoxides as well as
hydrogen peroxide it 1is necessary to consider sdme of the
rroperties and the methods avallable for the preparation of

these compounds,
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A, Sources of Hydrogen Peroxide,

The large scale production of hydrogen peroxide 1is
dependent upon either the action of acids on metal peroxides
or the hydrolysis of persulfates, The former method, which

i3 based upon the formation of barium peroxide by the reaction

4
42

and its treatment

with sulfuric acid, is largely superseded by the latter (26).
The latter method is based on the electrolyslis of ammonium
sulfate to ammonium persulfate in rather complicated a@lectro-
lytic cells requiring platinum and stailnless steel (1,40).
The ammonlum persulfate is converted to potassium persulfate
wnich is separsted from the electrolyte and hydrolyzed with
steam to produce 30% to 35% hydrogen peroxide, uring the
war the Germans developed special large-seale vacuum appara-~
tus to concentrate the hydrogen peroxide made in this fashion
to 82% to 85% (1,25).

It is quite clear that hydrogen peroxide produced by the
above methods would be quite costly. The first method con-
sumes costly barium oxide which must be converted to peroxide
while the second method requires the use of costly and com=

plex apparatus as well as considerable amounts of electricity,

B, Review of Methods for the Preparatlon of Peroxides and

Superoxides of the alkali and Alkaline Earth Metals,

It should be kept ‘in mind that the methods used for these
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preparations require the use of the pure metals (Ba02 is an

exception) or hydrogen peroxide,

1. Reaction of the metals and metal oxides with oxygen.
It 1s well known that the alkall metals yleld on combustion
mainly Ligo, Na,0,, KO,, Rbog, and Csa0,. The alkalline earth
metals give Cal, SrO, and BaO, (27). With strontium some
peroxide results, but the yleld is low.even when the pressure
was increased as high as 98 atmospheres at 400° ¢, (11,16).

Barium peroxide 1s made commercially by the simple pro-
sedure of passing alr over barium oxlde at elsvated tempera-
ture (34), Sodium peroxlde is also made by this method,
however, the starting material is metalllic sodium and again
rather high temperatures are required (21,23,24 UD)_ gince
the oxidation 1s generally carried cut in iron rotary furnaces
the product is contaminated with iron salts and 1s of about a
95% purity. A higher quality product can be obtained by
carrying out the oxidation in nickel furnaces (21).

Potassium peroxide is not made conveniently by oxidation
of the metal with oxygen or alr because 1t is easily converted
to the superoxide in the presence of excess oxygen (15,2%).
This method, therefore, serves for the preparation of potas-
sium superoxide,

Although sodium peroxide 18 quite stable to excess
oxygen, it may be converted to very pure sodium superoxide by

treatment with excess oxygen at high temperature and pressure,
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Yields as high as 92% have been obtained (13),

A mixture of sodium peroxide and potassium superoxide
can ve made by the vapor-phase oxidatlon of the metallic
product of the high temperature reaction between metallic
sodium and potassium chloride {(17).

2. Direct reaction of metals dissolved in liquid ammonis

with oxygen. - Controlled oxidation of potassium metal die-

solved in liquid ammonia may be made to yield successively
the compounds K05, K303, and XOp (20,27). A compound corre-
gponding to the formula K203 can also be prepared by the
thermal decomposition of KO, (5,20). Actually it was shown
that K?_,O3 does not exist but mey be recarded as 2K02°K202
(1h4),

Wnen sodium is oxidized in liquid ammonla there 1s a
tendency for sodium amide and nitrite to form especizally on
prolonged oxidation (35,36). Rapid oxidation produced a
mixture of peroxide and superoxide in sueh a ratio to corre-

‘spond to the hypothetical compound Naoi:67.

Reactlon of the alkaline earth metals with oxygen in
1iquid ammonia appears to be fairly easy (27). Strontium
peroxide has been prepared in this way but the yielid for
calcium was low,

3. Reactions using hydrogen peroxide, - Hydrogen perox-

ide may interact in two ways, With bases hydrated peroxides
may form while with many salts it may enter the crystal
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lattice as hydrogen peroxide of crystallization, The latter
forms most easily at higher concentration of hydrogen perox- -
ide and lower water concentration. These compounds are
designated peroxyhydratss. Soms well known peroxyhydrates
are (N}{!,?)gsobr"ﬁgoe, KECOB-Zﬁeca, and N323P04°3202. Ths
grystalline compound with urea CO§2§u=5262 stabllized by a
trace of citrlic acld has been sold commercially, The erys-
talline compound (NHy),SOi°*HoOn, obtained from 30% hydrogen
peroxide and ammonium sulfate, glves concentrated hydrogen
peroxide when distilled in vacuum (29).

Lithium peroxide is best prepared by drying in & vagsuum
desiccator in ths cold tﬁe precipitate L1,0,°H,0,°2H,0 formed
by the reaction of 30% hydrogen peroxide on lithium hydroxide
in water and ethyl alcohol (7,8).

A crystalline precipitate of Na202°SH20 may be made from
a solution of sodium hydroxide, hydrogen peroxide, and ethyl
aleohol (10).

The most convenient method for preparing celcium perox-
ide is by the action of hydrogen percxide on a calclum
hydroxide slurry., Calcium peroxide cerystallizes with two or
eight molecules of water and may be dried undser vacuum
give a ealcium peroxide product of about 60% purity (21,12, .
32). Strontium péroxide may be precipitated in an analogous
manner with eight, ten, or twelve molecules of water (7,16,

29). Strontium peroxide of high purity may be made from
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dehydration of Sr0,+8H,0 under vacuum at 0% %o 5° C. (16,32).

When a barium hydroxlde solution l1s treated with hydro-
zen peroxide BaOE'SHEO may form (32). on the other hand
BaQs*Hp0p is prepared in a similar manner uslng more concen-
trated hydrogen peroxide (5,39). In the latter ecase barium
peroxlide diperoxyhydrate (Baog°2H202) mey &lso form (28).

It 1s best prepared, however, by the reactlion of & solubls
barium salt with 30% hydrogen peroxlde and ammonia (32).

The diperoxyhydrates of calcium and strontium peroxide
have been prepared by treatment of the metal peroxide octa-
hydrate with 230% hydrogen peroxide in the ecold (32,39). -

Other peroxXynydrates thet have been reporied are
NaOOH+-0,.5H0,, Nag05°2H 0, M0, K0y 2H0p and Kp0n-UH0,
{%,38), The diperoxyhydrate of sodium peroxide was prepared
on xixing 309 hydrogen peroxlde with NaOEt and absclute alco-
hol, by the action of an ether aolution of hydrogen peroxide
with sodium, by the reaction of¢hydrogen peroxide and sodium
peroxide in ether scluticn, and by tresting scdium hydro-
peroxide (NaOOH) with cold ethyl alechol (4).

The only information avallable with regard to the stebil-
ity and properties of the peroxyhydrates of the peroxides is
that given by Traube and Schulze (39) on the formstion of the
superoxides CaoOy (8.7% in Ca0p) and BaOy (8%) from Ca0,°ZH, 0,
and Baoe-Hzog formed by the action of 30% hydrogen peroxide

on the corresponding hydroxides, It was reported that the'

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



..7..

superoxlde formatlion was catalyzed by ultra-violet light.

However, after the completion of thls work a paper was
published on the mechanism of the desomposition of hydrogen
peroxide 1n potassium peroxide dipercxyhydrats {(18). The
K202'2H202 was prepared by room~temperature evaporation over
concentrated suilfuric acid of solutions containing two moles
of hydrogen peroxide and one mole of potassium hydroxide.
The material could be kept without undus decomposition at
the temperature of solild carbon diloxide,

The gbheve authors made a study of the spontaneous deconm~
position of the K50,°2H,0, at 0° C. and repcrted that the
molar ratio of oxygen evolved to superoxide <formed remalned
approximately constant and equal to one up to sbout 50% con-
version., Beyond that point the amount of K02 that formed
fell off raepidly. When the water that formed was removed by
evacuation the conversion was raised to 91%, They showed
that the main reaction was:

K505°2H50, —= 2K0, + H50
and the secondary reactlion was the decomposgition of the
superoxide by the water according fto:
2KO0p + 3Hp0 —= 2(KOH'H,0) + 3/20,.
The maln reaction was taken to occur through the passage of
an eleetron from the peroxide ion to the Ho0o with rupture
to the 0~-0 bond with the formation of the OH radical accord-

ing to:
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K20202H202-+> K02 + KOH + Ho0o + OH
The CH radical then reacted with the H505 to glve HOE.

Greater than 50% conversion was postulated to occur by the

reaction of the HOE with KOH:
XOH + HOE e K02 + HEO

Removal of water under low vacuum was postulated to shift
the latter reaction to the right and, therefore, lincrease
the amount of X0, formed.

4, Reactions utilizing anthrahydroquinone, hydrazoben-

zene and similar compounds., = During the war the Germans

operated s small plant to prepare hydrogen peroxide by the
oxidation with air or gaseous oxygen of anthrahydroquinone

or its derivatives in benzene mixed with water, The products
formed were anthraquinone and hydrogen peroxide which was
removed in the water layer (1). The process was made cyclic
by catalytic reduction of the anthraquinone to anthrahydro-
quinone with hydrcgen geas,

By & somewhat similar reaction Manchot and Hersog (22)
described the preparation of sodium hydroperoxide (NaOCH) by
the reaction between oxygen and & methyl alcohol solution of
hydrazobenzene and sodium methylate,

Pfleiderer (30) reacted gaseous oxygen with hydrazoben~-
zene or similar so~called leuco-compounds in the presenee of
sodium zlcoholate in alcohol-water solutions to give precipi-

tates of Na202°SHEO or NeOOH depending on the amount of water
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present,

?fleiderer (31) alsoc described a process for the‘prepara—
tion of NaOOH by the reactiocn of oxygen with hydra;obenzene in
a solutlion of ethyl alcohol and benzene contailning NasOE%T,

This process was made cyclic by carrying out the reduction of
the azobenzene with sodium amalgam and alcohol,

In the above processes sodlum peroxide is not recovered
ag such but as the sodiﬁm hydroperoxide or as the sodium
hydroperoxide monchydrate (NaOOH°Ho0). Thls is due, no doubt,
te the fact that sodium peroxide reacts wlth alcohol to give
godium alcoholate and the hydroperoxide (3).

This diffliculty was overcome DY Cunningham (3) by affect-
ing the oxidation of hydrazobenzene wlith oxygen or oxygen con-
talning geses such as air in the presence of sodium methylate
in benzene and methyl alcohol with the concentration of the
alcohol reduced to such an extent &a to depress the formation
of the hydroperoxide,

The preparation of NaOOH also was described in this work
and the process was made cycllc by reduetion of the azoben-
zene with sodium amslgam and methyl alechol. The disadvan-
tage of producing sodium peroxide by this
reduction step was slow when the alcohol concentration was
reduced and the sodium peroxide product was not sufflclently
stable,

Other intermediates that are known to react with oxygen
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to produce peroxlides in the above manner in additlon to
hydrazobenzene and anthrshydroquinone include the hydrazo-

» toluenes, particularly p-hydrazotoluene, p-amino hydrazocben-
zene, p-ethyl hydrazotoiuene, p-ethyl hydrazcbenzene, the
hydrazotriazoles, phenylhydrazone, di-hydrophenanthrsns-
chinoné, and the amino substituted aromatic hydrazo com=-
pounds such as the amino substituted hydrazobenzenes,
toluenses, Xylenes and naphthalenes, and the ccerresponding

azo compounds (3).

C. Purpose of Study,

The purpose of this investigation was Tc study the
cyclic process invoiving: {1) The reduction with alkall and

a8

Jod

alkaline earth metal amalgams and alcchols containing

than five carbon atoms per molecule of auto-oxidizsble com-

pounds such as azobenzene in benzene or simllar solvents and

the alcohol to form the leuco compound such asg hydrazobenzene

and the metal alcoholate in particular sodium methylate,

{2) oxidation of the leuco compound with gaseous oxygen or

purified air in the presenée of the alcecoholates including

the alcoholatesvof calcium, lithium, sodium, and potassium,

In parsicular to carry out the oxidation with the alcoholates

present in reduced amounts with respect to the leuco compound,
The second objective of this work was to study the

stability, propertiesland reactions of the various metal

peroxide compounds produced in the oxidation procedure,
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The third objective of this work was to determine if
superoxides of the alkall and slkaline earth metals could

be prepared by some modificsation of the above process,
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II. EXPERIMENTAL

A, Materials,

The materials chosen to carry out this work consisted
mainly of benzene, methyl alcohol, absolute ethyl aleohol,
azobenzsne, anhydrous calcium chloride., sodium hydroxide,
and mercury,

A conmerclal grsde of thiophene-free benzene and syn-
thetio methyl alcohel wasg used in 811 cases, Thisg means
that any process developed would not rely on speclally
purified solvents.

Ths azobenzene (Eastman Kodak) used was & practical-
grade product of 95% purity and was avallable at a much
Jower cost than the vurified material, After passing the
azobenzene through the cyclic process one time 1t becanme
very pure,

The mercury used was washed several times through
dillute nitric acid and then distilled under vacuum in g con-
ventional manner, For experimental purpcses z reagent grade
of sodium hydroxide was useqd,

The materisls necessary for analysis of peroxides and
superoxides conslsted primarily of glacilal acetic acid,
diethylphthalate (Eastman Kodak), potassium iodide, starch
and phenolphthalein indicateors, ammonium molybdate, and
standard sclutions of hydrochloric acld, sodium hydroxide,

and sodium thiosulfate.
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B. Apraratus zand Procedure.

The apparatus necessary to carry out the first phase of
this investigaetion consisted mainly cf an electrelytic cell,
a reduction vessel, and an oxldatlon vessel,

The electrolytic cell was constructed such that 1t 1s
very similar to one type of industrlal mercury cathode cell
in that 1t represents a section of & commercial cell operat-
ing on sodium chloride brine, The cell, constructed in this
way, produced sodium amalgem continuocusly and of uniform
strencth by the electrolysis of & sodium hydroxide solution
between & mercury cathode and a nickel anode,

A diagram of the cell and the reduction assembly is
shown in Ficure 1, A view of the same 1is shown 1in Figure 2,
The cell was constructed as follows: Five pleces of mild
stéel were screwed together to meke a rectangular box, Two
thin sheets of polystyrene, supported by the two steel sides,
served to electrically lnsulate the steel sides from the
ancde anéd caustic solution, and served to prevent undue

) corrosion of the steel by the alkaline solution, Two hard
rubber (Ebonite) sheets were fitted into grooves on the
metal bottom in such a manner to allow mercury to flow over
the steel bottom while the caustic solution was retained in
the central compartment perfectly ilnsulated from the steel,
Mercury entered the cell at one end, passed under the first
rubber partition, over the celil bottom and out the other end
of the cell during which time it served as the cathode,
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FIGURE 2
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Neoprene gaskets were used to seal the rubber partitions and
the steel bottom and ends with the styrene sheets over which
the steel sildes were screwed,

Two nickel rods, supported on a plastic 1id, were screwed
into a sheet of nickel which dipped Ainto the caustic solution
and served as the ancde, The rods were threaded to allow
adjustment of the distance between the anode snd mercury
cathode. The nickel sheet was about one-guarter inch thick
and was about U4 square inches 1n area, Holes were drilled
in the sheet to allow the oxygen to escape, The plastic 1l1d

congisted of two sheets of polystyrene bolted over a sheset

of neoprene to make 2 tight seal %o prevent the entrancé of
alr which in contact with the caustlc sclution would cause
carbonate formation. Two sm&ll covers were made in a
gimilar fashion to cover the end comparitments,

The mercury level inslde the cell and tﬁe mercury flow
were regulated by a leveling device shown in Figure 3, On
the back of a knob mounted on a stationary support, there
was located a worm gear which when turned rotated a wheel
to which was attached a Pyrex glass tubing bent at e right
line, In this manner the tubing could be rotated accurately
to start and stop the fiow of mercﬁry and to regﬁlate the
rate of mercury flow., The tubing had an air vent at 1its

highest point to prevent siphoning action, This allowed the

mercury level inside the cell to be maintained,
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The mercury was allowed to flow out of the cell by
means of the leveling devlce and through a small trap con-
taining methyl alcohol to remove traces of water and dirt,
From thisg trap the mercury passed through the reduction
vessel, See Figure % and Figure 5. This vessel consisted

of rlsnmeyer flask with

m
)

o
(=3

50C cec, or
tubing sealed at two edges of the bottom to form an inlet
and exlt for the rmercury, Both prieces of tubing were bent
in the form of a U to allow the mercury to support the solu-
tion inslde and at the same time to allcw a thin layer of
mercury to pass over the bottom of the flask, The outlet
tube had an air vent at the highest point to prevent
sipnoning action. Thne mercury passed from This cutlest

ube through a second methyl aicchol trap and into & mercury
well lesding to a pump. A speclal mercury pump was bullt to
1ift the mercury back into the cell,

The mercury pump operated in ﬁhe following manner: A
series of cam-operated *"fingers® pressed in sequence against
a flexible tubing and imparted positive unidirectionsl move-
ment to the mercury., The cycle of the fingers was timed so
thaet the tubing wae always closed at some point to eliminate
the need of valves., This typve of pump has the obvious advan-
tage of eliminating contact of the mercury with any metals
or oils, |

The source of power, necessary for the electrolysis, was
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125 volts A.C. which was passed through a transformer and
selenium bridge rectifier to produce a voltage of from O to
5 volts D.C. The nickel anode was adjusted in an 184
caustic solution to give a current of from C to 50 amperes.
In cperation the caustlc concentration was maintsined be-
tween 13% and 18%, The cilrcuit for the powsr supply 1is
shown in Figure 6,

In operating the apparatus the mercury was sllowsd to
flow from the cell eand at first to by-pass the first trap
and the reducticon vessel, The height of the exlt tube from
the leveling device was adjusted to give a steady flow of
mercury., A definite current was passed through the cell
until the socdium content in the amalgam reached the desired
value, At this time the amalgam was passed through the
reduction vessel and the reduction of the azobenzene was
carried out until the dbright cherry-red color of the azo-
benzene was converted to the straw-yellow color of the
hydrazobenzene solution,

The reduced solution was removed from the reduction .
vessel by means of suction applied cn a larze flask %o which
a btube-was attached and dipped into the solution to be re-
moved,

After the reduced solution was prepared for oxidetion
it was placed in en oxidatlon apparatus, a dlagram of which
ig shown in Figure 7, A view of the oxidizer i1s shown in

Figure &. This oxidizer consisted, for example, of a
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1000 ce., wide-mouth Erlenmeyer flask fitted with a rubber
stopper through which passed & fritted-glaess oxygen dispers-
ing tube, a tube and cap through which samples were removed,
an exhaust tube, and a stirring rod vassing through a glags
tube with a rubber-tube seal, During oxidation the vessel
was lmmersed in a steel beaker and the apparatus placed
behind a safety screen,

The procedures used to prepare the various scoiutions
for oxidation are discussed in detall with reference to the
gpecific preparstions,

i After completion of the oxidation and removal of the
precipitates by filtration, thos azobenzente was recovered
for re-use by extracting the alkalil and alcohol 'with water
and then evaporating the benzene wlth a current of alr,

When oxldation of the hydrazobenzene was incomplete
Turther air oxidation was made in the benzene and alcohol in
the presence of sodium hydroxide before recovering the azo-
benzene., When 95% practical grade azobenzené was used, the
reduced solution wag strongly discolored, Upon oxidation
the dark-coclored material was slightly more difficult to
waenh from the precipitates than the azobenzene; however, the
gbove extraction operation removed essentially all of this
material from the benzene solution and in this manner the
azobenzene was purified,

The second phase of thls investigation involved the con-

verglon of sodlium peroxide diperoxyhydrate (N3202'2H202) to
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sodlum superoxide (Naoe) and the corresponding conversion

of the potassium compounds, These reactions produced water
which needed to be removed from the reactlon slte to prevent
its decomposition of the superoxide formed, This work
involved the use of vacuum pumps,ivacuum desiccators contain-
ing barium oxide, and some miscellaneous apparatus designed
to remove the water by making use of a vacuum or a streem

cf oxygen or ammonia gas,

This latter work also made use of ultra-violet 1light
which was obbainsd frem a mercury-are lamp (250 velts), a
Generel Electric R-S sunlamp, or a 8 velt Germicidal iamp,

One apparatus that was construcied to carry oul prelim-
inary investigations on the conversion of N3202'2L202 to
NaO2 is shown in Figure 9., This apparatus was designed so
that a sample of powder could be mixed inside a tube, through
which the transmlssion of ultra-violet light was high, and
80 that the tube could be rotated to give the mixing while a
vacuum was maintained inside the tube,

Two brass fittings were machined acecrding to #0" ring
specificationé gso that the tube when pressed inside the fit-
tings gave & vacuum 8eal, The tube was causéd to rotate at
about 16 r.p.m. by a motor geared to the one brass fitting
by means of beveled gears. A moving vacuum seal was made at
one end of the brass fitting by means of an "0O" ring so that
the brass fitting rotated inside a steel cup attached to a

vacuum line. The brass end passed deep into the vacuum line
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to prevent the small amount of powder that passed into the
line from coming into contact with the moving parts. This
powder was removed 1n glass-wool traprs and a dry-ice trap

céntaining frozen wabter to prevent its enterine the vecuum

pump,

- -

n ball bearings to

4

P S A g,
LLLANES wOT

b

unted

1l
(41}
£
Q

3.

givé glignment and ease of turning. The brass fitting
connected to the line was stationary while the second fit-
ting was neld in place by a movable bearing so that it
could be moved to the left to remove the tube,

In operation both brass fittings and the tube rotated.

C. Preliminary Work on the Preparation of Calcium Peroxide,

The object of this work was {0 replace the sodium
methylate in the oxidizing solution with calcium methylate
by reacting the sodium methylate with calcium chloride, and
to carry out the oxidation of hydrazobenzene in the presence
of the calcium methylate to prepare anhydrous calcium perox-
ide, _

A reduction solution consisting of &0 grams of purified
azobenzene dissolved in 600 ce., of benzene and 400 ce, of
methanol was used in this and subsequent work and is desig-
nated standard reduction solution, The reductlion operation
was carried cut in the reduction vessel as previously
described to convert the azobenzene solution to a hydrazo-

benzene and sodium methylate solution in the benzene and
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methanol, With an 1nitial amalgam concentration of about
0.2% sodium, 1000 cc., of the standard reduction sclution
required about one hour for complete reduction tc the straw-
colored hydrazobenzene solution,

1. Reaction of calcium chloride with scdium methylate in

_______
-]

benzene and méthanol &ontaining hydrazobenzene, - After com-

pletion of the reduction operation the solution was removed
from the reduction vessel and the concentration of the

sodium methyliate was determined by titratingﬁwith gstanderd
hydrochloric acid using phenolphthalein as an indicator,
About 80 cc, of 0.1 M acid were required for 10 cc¢, of the
solution, For each 10 cc, of the reduced solution the

amount of 963 calicium chloride added was determined by multi-
plying the volume of the acid used by 0,.00573.

At first the enhydrous calcium chloride was dissolved
in methanol (about 10 grams to 100 cec, of solution) and this
solution added slowly with stirring to the sodium methylate
sclution, A precipitate of sodium chloride and gelatinous
calcium methylate resulfed,

The solubility of the calcium methylate was found to be
about 0.02 grans Ca(OCHB)E per 100 grams of methanol and
essentislly zero in benzene. The concentration of the cal-
cium methylate was determined by adding a large excess of
hydrochloric acid and back titrating with standard base,

More conveniently the calcium chloride was added direct-

ly in the 80lid form tc the reduced sclution, Wwhen the ben-
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zene concentration in the solvent was greater than 60% by
volume the calcium chloride‘did not readily go into solution
and, therefore, did not react readily with the scdium
methylate., For the standard solutlon usea'precipitation took
place within about 15 minutes,

Xidation with gassous oxygen of hydrazcbenzene in

"

2.

¢

the presence of insoluble calcium methylste in benzene and

methyl alcohol., « After completing the reduction step and

precipitation of calcium methylate and sodium chloride,'the
resulting slurry then was placed in the oxidizer and oxygen
was passed through the gas-dlspersing tube intc the repidly
stirred mixture,

The object of this oxidation step was to produce ;nﬁy;
drous calecium peroxide in the presence of sodium chloride by
the reaction of the hydrogen peroxide, produced in the oxida-
tion step, with the calcium methylate, .

After>oxid1zing for various lengths of time, two 25 cec,
samples of the slurry were removed by means cf a pipette and
filtered., The precipitate was washed with methanol and
benzene and the filtrate returned to the oxidizer, The
glurry was rapidly stirred to insure uniform sampling. The
calcium peroxide content of the precipitate was detérmined
by liberating lodine with dilute acetic acid and 10% potas-
sium lodide solution using ammonium molybdate as a catalyst,
The total alkalil present in the preciplitate was determined
by adding excess standard hydrochloric acid and back tltrat-
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ing with standard base, The ratlo of the equivslents of
peroxlide to the total equlvalents of alkall was calculated
at various times, The ratio {(designated Z) was invariably
found to be of the order of 0.58 after from twe to three
h&urs of oxidation, This showed that 58% of the calcium
methylate was converted to calslum peroxide. Based on the
original sodium methylate formed on reduction, therefore,
the yield wss 58%.

To decrease the calcium methylate content of the product,
the sbove-mentioned reduction and precipitation of calcium
methylate and sodium chioride were repeated, Tnen one-nalfl
of ths slurry was filtered, washed with methyl alechel and

benzene, and added to the unfiltered portion of the slurry.
The ratio of peroxide to totsl base in the precipitate was
determined as described above at various time intervals,
These results are shown in Flgure 10, In the latter case
the peroxide to base ratio was increased toc only about 0,86,
This showed that &6% of the calcium methylate was converted
to calcium peroxide; however, the overall yleld was only U43%.

To inecrease the alkslinity of the solution insufficient
calcium chleoride was added to the reduced sclution

the oxidation. In one experiment about 10% of the sodium
methylate was left in the solution., The results were not

much better than those obtalned when 211 of the sodium

methylate was precipitated,
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Although calcium ethylate was shown to be much more
soluble than calclilum methylate, substltution of ethyl alcochol
in the reduction solution gave Pearly identical results ss
obtained abeove with methanol.

3, Miscellaneous experiments on the preparation of

galcium peroxide, - Pure calcium ethylate was prepared by

adding calcium metal to absolute ethyl alcohol and refluxing
to initiate the reaction, Then the solution was refluxed
for about two hours, Cooling was necessary to prevent too
rapid boiling of the alcochol in some cases, The bolling
solution wag Tfiltered and the filtraite allowed %o cool %o
precipitate Ca{OE%t),-2E%0H,

The very pure calclium ethylate precipitate was added to
a2 solution of venzene and methyl alcohol contaeining hydrogen
peroxide and azobenzene, Nearly all of the peroxide dis-
appeared from the sclution while a negligible amount was
found in the precipitate., The hydrogen peroxide solution was
prepared by oxidlzing & hydrazobenzene solution ccntaining a
gmall amount of sodium nethylate, the remainder of the

methylate being removed by adding calcium chloride followed

The calcium ethylate precipitate, with a solubility at
room temperature of about 2,0 grams per 100 cc, of ethyl
alcohol, also was added to a solution of hydrogen peroxide
in absolute ethyl alcohol, The ethyl alcohol solution of

hydrogen peroxide was prepared by the interactlion of hydrogen
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chloride, formed from hydroohloric acld and sulfuric acigd,
wlth Nap0o-2HpO0p, the preparation of whioch 1s described in
a later section. The calclum ethylate precipitate, which

wag very difficult to filter, contained 17.4% CaO,.

In the above mentioned work it wae noted that caleiunm
ethylate like sodium ethylate rapidly oxidized to form a
dark-yellow resinous materlial, A sultable anti-oxidant for
caleium ethyvlate and other alcoholates was found to be
ethylene diamine dihydrcochloride, After several months tubes
of ealcium ethylate containing not over 0.1% by weight of
this material were as clear as they were when first prepared,

-
D
Tithcut 2 stabilizer, calclium ethylate cr its sclutiocns

k

darkened in about one day,

An investigation was made to prepare a more soluble
calclum alcoholate by the reactlion ¢f calcium chloride with
the sodium alcoholates, Calclium ethylate was the most sol-
uble alcoholate prepared of the aleohols ranging from methyl
alcohol to hexanol, However, when célcium methylate was
heated on a steam bath in & solution of methyl alecohol and
glycerol, a conslderable amount of calcium went into solu-
tion. ¥nen this solution w
tion followed by oxidaetion no precipitation resulted,

An attempt was made to prepare calcilum peroxide by
oxidizing hydrazobenzene in benzene and methyl alechol with

galciumr oxide and with calelilum hydroxide held in suspension

with vigorous stirring., There resulted a negligible amount
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of peroxide in the so0lid phase as well as 1n the solution,

A further attempt was made to prepare calcium peroxide
by the interaction of sodium hydroperoxide (NaOOH) with
calclum ethylate in ethyl alcohol. C(Considerable decomposi-
Tlon resulted and the precipitate had a peroxide to base
ratio of only 0.65.

During the preparation of sodium hydroperoxide by the
reaction of oxygen with hydrazobenzene in the presence of
easentially an eguivalent amount of sodium methylste in
benzene and methyl alcohol, ‘it was noted that a considerable
amount of heat was evolved, To increase the stability of ths
precipitate and lessen danger of any possible violent decom-
position or interaction with the solvents, ice was placed in
the steel besker in which the oxidation vessel was ilmmersed
in order to cool the sclution., Operating in this manner a
precipltate was formed that contained a peroxide to base
ratlo of about three., This vsalue corresponded to the compound
sodium peroxlde dlperoxyhydrate (Nagog.EHeeg), Thnis result
led to the study of the preparation of the peroxyhydrates of
the alksall metal reroxides., The work 1s covered in detail in

the following section,
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D. Methods of Removing Scdlum Methylate from the Reduced
Solutlon,

When one mole of szobenzene was reduced with scdium
amalgam and methyl alcchol, twe moles of sodium methylate

were produced according to reaction (1).
PhoN, + 2 CHyOH + 2 NaHg, —> Ph N H, + 2 CHONa + 2x Hg (1)
e el J == = = = -

Therefore, in a ¢yclic process to produce peroxlde compounds,
like Na505°2H50,, conteining a ratio of peroxlde equivalents
to base equivalents higher than one 1% was necessary to
remove part of the sodium methylate prcduced during the
reduction step. The foliowing methods of removing &ll or
any desired fraction of the sodium methylate are essential
in preparing the reduced solutions for oxidation for the
various preparations such as the preparation of Ka202°2H202.

1., Anhydrous celcium chloride methcd, - In the work

directed toward the preparation of calecium peroxide it was
found that the solubility of calcium methylate was very low
in the benzene-methyl zlcohol solvent, Since sodlum chloride
1s also practically insoluble, so0lid calcium chloride or a
methyl alcohol soclutlion of the anhydrous calclum chlcride
was added to the hydrazcbenzene gocluticon followed by fllitra-
tion to remove all or any desired fraction of the sodium
methylate,

Since the calcium methylate precipltated in the gbove

procedure was in the form of very fine crystals, the fllitra-
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tion step was found to be quite difficult, In addition the
filter cake of sodlum chloride and calcium methylate adsorbed
hydrazobenzene quite strongly. After the fllter cake was
washed several times with methyl alcohol and benzene, the
sodium chloride was extracted with liguld ammonia to give a
product of almost pure calcium methylate,

2. Water extraction of the scdium methylate and methyl

alcohol, - A very simple method that wes used toc remove all
of the sodium methylate was by the addéition of large amounts
of distilled water, In this manner the methyl alcohol and
‘sodium methylate were remcved in the water phase, The ben-
zene layer, containing all of the hydrazobenzene, was washed
with water and dried with calcium cnloride,

Tnis method wes of use where it was desirasble to remove
all of the alkall, For example, to study the oxidation in
the presence of potassium methylats, the solution was prepared
for oxidetion by extracting with water and then adding a
methyl alcohol solution of potassium methylate prepared by
the reaction of potassium metal with methyl alcochol,

Any desired fraction of the sodlum methylate was removed
by extracting the desired fraction of the solution and then
adding the resulting benzene layer to the remainder of fthe

reduced solution,
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3, Phase separation method. Recovery of sodium methyl-

ate. - When sodium amalgam and methyl alcchol were used to
reduce azobenzene in the alcohol and benzene two liquid
layers formed after the alkall content reached a certain

value depending on the temperature of the solution, The

e

separation wa

re& pronouncsd &

[0
&

the reduction the heat evolved raised the temperature of the
solution to the boiling pecint so that after the reduction the
solution was at or near bolling, Waen the standard sclutiocon
was used Just sufficient sodium methylate formed to cause two
phases t0 separate while hot,

One liquid layer contained the greater portion of the
hydrazobenzene dissolved mainly in benzene walille the othsr
layer contained slmost all of the sodlum methylate dissolved
in a solution of about equal volumes of methanol and benzene,
The results taken from two preparations of Nas0,°2H505 are
tabulated in Table I to show the dlstribution of the sodium
methylate in the stasndard sclution after reduction, The
sodium methylate content was determined by titrating a 10 ce,
sample of each phase., In Run No, 55 the benzene and alcohol
concentrations were determined by water extraction of an
aliquot volume, The volume remalning after extraction was
agsumed benzene, while the decrease in volume was assumed

methancl,
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TABLE I

Distribution of NaOCH; in the Two Lligquild Phases
in Reduced Solution

------- jore Dense Fhagse--—-= —~-—---],€88 Dense Phasg———-—--

Run Benzene Methanocl NaOCHB Benzene Methanol NaOCH3
No. cc, cc, meq, ce, ce. meq,
54 660 total io02 1090 total 1460
55 9%0 192 172 970 gho 1935

For run No, 5%, the less dense phase consisted of 62% of the
total volume and contained 93.5% of the total alkalil, The

corresponding distributions for Run No, 55 were 60% and 92%.

The procedure ussed t¢ remove scdium methylste to prepare
the reduced solutions for oxidation was to separate the two
phases that formed after reduction, In thls manner the ben-
zene layer contained about 8% of the alksli. To increase the
alkall content in the benzene layer %o any desired value the
next step was to return the correct amount of the alcohol
layer to the benzene layer, The hydrazobenzene left in the
alcohel layer was then largely removed by extracting seversl

times with benzene.

U, Practicnation of methyl alcchel from the reduced solu-

tion containing toluene to precipitate NaOGHBo - After the

reduction step, the sftandard reduced solution was placed in
a distiliatlion spparatus and the fracticonation was carried

out in a column 30 inches in length packed with glass helices,
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In this case an azeotrope of benzene and methanol bolled over
at a concentrafion close to the solvent charge, Cooling the
solution after continued distillation resulted in precipita-
tion of hydrazobenzene and sodlum methylate.

By substituting toluene for benzene in the reduction

.
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mainly methyl alcohol and finally pure toluene, The dlstil-
lation curve is given in Figure 11 along with the curve for
a charge of toluene and methanol, After all of the alcohol
was removed, the partially cooled mixture of s sclution of
hydrazcbenzene in toluene and scdium methylate was filtered
and the precipltate washed with toluene, The filtrate con-
sisted of hydrazobenzene in toluene wnhile the precipitate
contained 98,8% NaOGHB as shown by titrating & sample with
hydrochloric acid, ‘The sodium methylate was slightly dis-

colored due to a trace of azobenzene,

E, Preparation of Sodium Peroxide Diperoxyhydrate (Nas05°2Ho02)

It was discovered that when & portion of the sodium
methylate was removed from the reduced solution, sodium perox-
ide diperoxyhydrate formed. godium methylate was removed by
one of the methods previously desecribed, The methods used
made use of calcium chloride to precipitate czalcium methylate
and sodlum chloride, water extraction of the alcohol and meth-
yvlate from any desired fraction of the solution, or separa-

tion of two ligquid phases after reduction with the one phase
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FIGURE I
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containing about 92% of the sodium methylate, Generally,
Nao05-2H 0, was prepared by removing one-half (1/2) or two-
thirds (2/3) of the sodium methylate before the oxidation
steps. However, Ne,0,-2H,0, did form at 0° C. with no
methylate removed bhefore oxidation,

In one preparation using the phase geparation method
(Run No. 55) about one-~half of the sodium methylate was re-
moved, The top layer contained 1,935 equivalents of NaOCH3
in & solution of about 970 cc, of benzene and 840 cc, of
methanol., The bottom layer contained 0,172 equivelents in
about 940 cc., of benzene and 192 cc. of methanol. To the
bottom layer 525 cc, of the top layer and 300 ce., of methanol
were added to give a solution of about 60% benzene, Three
grams of calcium chloride were added to remove any water
present as calclium hydroxide, The solution was filtered to
remove the calcium methylate after the solution was allowed
to stand over night, Some hydrazobenzene was left in the
remainder of the top layer,

The flltered solution was oxidized for three and one-

half hours at 0° C¢. The solution then was filtered and the

about two mm, of mercury pressure, After drying a small
sample, added to ice water, required 2,07 meq, of acid and
6.18 meq. of thiosulfate, Therefore, the peroxide to base

ratio was 2,98, Thirty-two grams were collected.
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1, oxidation of hydrazobenzene in benzene and methyl

alecohol in the presence of varyling amounts of sodium methyl-

ate at 0° C. and 25° C. - The object of this work was to
study under what condiitions NaOCH and Na202'2H202 were the

stable solid phases present in the oxidation solutlon and to

o

determine the rate of formation of these compounds, Tn
standard reduction solution of 80 grams of azobenzene in
600 cc. of benzene and 400 ec. of methyl alcohol was used in
all the experiments,

The first step in this experimentzal work was to carry
out tThe reduciion as previously described., The amount of
te produced was then determined by titrating a sample

o water with standard acid,

)
o
o
o
P!
ct

The second step was %o remove the desired fraction of
the sodium methylate. For this experimentation the calclum
chloride method was used, After filtering and washing the
precipitate of sodium chloride and cslcium methylate, the
alkaliycontent of the solution was again determined, The
fraction, £, of the original methylate left after the calcium

chloride treatment was calculated,

rd step weg to carry out the oxidation after
which the azobenzene was recovered by extracting any alkslil
and the alcohol with water andvthen evaporating the benzene.

The oxidation step was studied at 25° C. and 0° C. with
no alkalil removed (f = 1), with one-half (1/2) removed

(f = 1/2),and with two-thirds (2/3) removed (f = 1/3), The
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rate of peroxide precipitated and the solid phase present
were determined by removing with a pipette with a large
opening a 10 cc. sample of the well-agitated mixture at
variocug time intervels, The mixture was filtered and the
preciplitate washed with the bsnzene-alcchcl solvent to re-
move excess methylate and azobenzene,

The precipltste was added to ice water and the equilv-

:ing with standard acid,

Thereafter, the equivalents of peroxide were determined by
the thiosulfate method., The percxlide tc base ratic, Z,
was indicatlive of the so0lid phase present,

To determine the frasdtion of the methyiate removed
during the oxidation, the filtrate from the 10 cc, sample
was titrated for base content. The yleld (Y) was calculated

from equation (2).

Y = £°Z-x (100)% (2)
where
Y = the yield based on the original methylate formed
during reduction
f = the fraction of the original methylate left after

the calclum chloride treatment
% = the fraction of the methylate left after the cal-
cium chloride treatment removed during oxidation

Z = the peroxide %o base ratio of the precipitate
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-The resulﬁs of a serles of runs are plotted in Figure
12, These results show that NaOOH, with a value of < equal
to 2, was the stable phase present throughout the oxidation
at 250 C. when no alkall was removed., During the oxidation
about U45% of the methylate was removed as NaQOH. Sodium

L

table phas

rogant 1 the a¥ida
reseriv Al Lile CXiad~

(¢
o]

6]

£,

hydropercoxide was aisc the
tion solution during the 1nifilal oxlidation time at 0° ¢. with
no methylate removed prior to the oxidation, However, this
was gradually converted to Nas05°2H505 and finally at 0° c.
with no alkall removed prior to the oxidaticn, about 30% of
the methylate was removed as Naplp 2H0p.

Then one-half {

Tramlras -,

}$

/2) of the methylszte was removed prior
to the oxidation at 0° C. and 25° C., Nas0,°2H,0, was the
stable solid phase, In this case about 60% of the remgining
methylate was removed as Nas05°'2Ho0po. ¥hen two=-thirds (2/3)
of the methylate was removed, Na202°2H202 agalin was the
stable phase and about 90% of the methylate remzining after
the calcium chloride ftreatment was remcoved during oxidatlion
as Nag0p-2H50-. In the latter case the yleld, Y, was equal
to x, the fraction of the methylate removed during oxidsticn,

Tne & values plotted in Figure 12 show a wide range of
conditions under which the diperoxyhydrate was more stable
than the hydroperoxlde,

At least two oxidatlons were made for each condition,
In many cases a larger number of oxidations were made to

obtain comparisons., Emphasgls was not placed on the rate of
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TIGURE 12 -45p-

FORMATION OF SCDIUM PEROXIDE DIFEROXYHYDRATI AND

SODIUM HYDROFEROXIDS AT 0°C AND 25%9%

v

Oxidation Solution Qbtained from the Reduction of

80 Grams of Azobenzene in 600 ce of Benzene and
400 cc of Methanol

1.0 |

005 =

: 4 3.0
z (1/2, 2/3; 0%, 259) J//////,/’
Z
z (0; 0%) | .
4 2.0

X (2/33 0°%C, 25°C)

X (1/23 0%, 25°)

i Il 1 i I
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1.0 2.0
Oxidation Time in hours

- peroxide to base ratio in precipitate
yield vased om &lkali
fraction of alkali removed during oxidation

{05 25°C) - results for no alkali removed before
oxidation for oxidation gt 259¢

N
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peroxide formation except to determine gbout how long the
oxidation step required, The rate was found to depend on
the amount of agltation and especlally on the flow of oxygen
whilch was not accurately controlled, At o® C. with no
methylate removed, the rate in some cases appeared somewhat
lower,

Sodium peroxlde diperoxyhydrate prepared in the above
menner was dried from one-half to eight hours ln a vacuum
desiccator at low pressurs and wes recovered in a state of

of rather high purity.

The peroxide to base ratio generally was about 2,96 and

ct

the purity was about §7.8% based on the peroxide conten
determined by the thiocsulfate method, Thils assumed all of
the peroxide present as NagoE'EHEOE.

Sodium hydroperoxide of a purity of 97% to 98% was also

recovered,

At one occasion when a solution was oxidized at 0° ¢,
with no methylate removed and when a small sample was removed
at the early stages of oxlidation, the precipitate was found
to contaln a peroxlde to base ratic of about 5, This

corresponded to the compound N3202-HH202.
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F. Some Properties and Reactlons of Sodium Peroxide Diperoxy-

gzdrate.

The solution from which Na202°2H202 was preciplitsated in

the above process consisted esssntially of £0% by velume
benzene and 40% methyl alcohol. During the oxidation and
thereafter when the preclipltate was filtered only very small
amount of peroxide remained in the liquild phase, This showed
that the solubility of Na202‘2H202 in the sbove system was
very small, In addition the diperoxyhydrate remained stabls
in the oxidation solution after standing at 25° ¢, 30 hours
before filtration,

Sodium peroxide diperoxyhydrate was crystalline and
very easy to filter and wash free from sodium methylate and
azobenzene, Sodium hydroperoxide was more difficult to fil-
ter., Methyl alcohol could be used for washing without caus-
ing noticeable decomposition. However, generally the precip-
itate was washed with a benzene-methyl alecohol sclvent
porresponding to the solvent in which the precipitate was
formed,

Al though Nas0,°2H,0, Was very easily filtered the size
of the crystals was quite small, The fact that the crystal
size was not always the same was indicated by different rates .
of filtration and the ease of pouring the dried powder,
Larger crystals were grown when oxygen wae passed into the
solution slowly. 1In one case the standard solution was

prepared for oxidation then mixed with a small amount of
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oxygeﬁ and allowed to stand over night, A small amount of
preciplitate formed. In this case the crystals were qulte
large, belng needle-like and of the order C,2 of a centi-
meter in length,

The precipitate of Na202-2H302 wes very easy to handle

£

in that it did not raplidly decompose, it did

P 2 377 ww
OL TEPLOLY

o

pick up watgr from the atmosphere, and it could be poured
on the dry skin without causing burning. The latter fact
* was very signifiéant because of the fact that Na202°2H2O2 is
equivalent %o 70% hydrogen veroxlde on a weight basis,
When samples of Napy05°2H0p were stored &% sgbout £° C.

z varyin

g amount of decomposition
took place for different samples, The amount of decomposi-
tion was calculated as the percent decrease in thie peroxide
to base ratio and amounted to 0% to 3% during a perlod of
-about four weeks, The milliequivalents of peroxide and base
and the peroxide to base ratio are given in Table II for
the sanmples of Naos0s° o0 and NaOCH used for stability
tests, In Table II the Run No, refers to the Na,05,°2H,0,
preparation, In these preparations calclum chloride was
used to remove methylate for all the runs except 54, 19,
32, and 40,

Runs No, 18, No, 19, and No, 55 were made at 6° ¢, for
the specified perlods of time and then stored at 250 C. The
percent decomposition was calculated relative to the original

peroxide tec base ratio,
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Table II

Stability Dpata on Na202°2H202 and NaOCH
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# Considerable oxygen evolved on solution in ice water,

#% Rulk sample.
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In order to 1increase the stabllity of NesC0p°2Hp0o five
vercent (5%) by welght of calcium oxide was added to one
sample and 5% calcium sulfate added to a second to remove
any weter formed (Run No, 55, Table II}, Seversl small
samples of each %o be used for titrations were separated

+ 20 L
¢ O 5

3 2 e
ah SIr'ed &b Sexs

the samples were stored in a desiccator at 250 C. with the
caps turned on loosely to allow any gas to escape., The
regults on these samples are tabulated in Table III.

A sample of Nas0p°2H,0p when heated on a melting point
apparatus did not undergo any apparent change at 122° ¢, The
crystals turned slightly yellow at 130° C. and became white
again at 190° ¢, Further investigation showed that a small
amount of sodlum superoxides had formed, Heating samples
under vacuum gave a more intensely colored product, This
led to the further study of the preparation of sodium super-
oxlde from Nas0,°2H05. \

Hydrogen peroxlde dissolved in organic solvents such as
amyl alcohol was obteined by passing hydrogen chloride ges
into the solution at 0° C. in whlch the Nay0,°2H 0o was
dispersed by stirring. The resulting sodium chloride was
filtered off and a solution of 5,85 grams of HEOE in 100 cc,
of alcohol was obtailned,

Hydrogen peroxide water solutions saturated with sodium

sulfate were obtained by the addition of sulfuric acid to the

solld Na202°2H202 dispersed in cooled carbon tetrachloride,
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Table III

Stabllity of NapOp°2HpOp Conteining CaO and CaS0Oy

Shelf Temp,

Time Stored N %
Sample (wks.) ° c. AN Decrease
Control o) g 2.98 -
2.975 0,17
12 6 2.96 0.67
Bulk Sample 13 6 2.90 2,68
2 25 2.58 13,1
Rulk Sample 2 o5 2.66 10,7
5% Caso 0 6 2.98 -
N L 6 2.96 0,67
12 £ 2.90 2,68
Bulk Sample 13 6 2,94 1.34
Euﬁ# Check ,
2 25 2.5 17.8
Bulk Sampie 2 c5 2.6t 10.7
5% CaO 0 6 2,78 -
3 & 2.83 -
12 6 2.92 -
Bulk Sample 13 6 2,57 g,2
‘ 2 25 2,60 6.5, .
Bulk Sample 2 25 2.31 16.9"

# Peroxide to base ratio.
#* mgsentially no CaC in sample analyzed,
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The resulting precipltate was filtered and the two liquid
phases separated., Tsable IV shows the hydrogen peroxide
solutions obtained from varying concentrations of sulfurie

acld,

Table IV
HpOp Solutlons Obtained from Na,0,5"2H,0, and H,S0)

ce, cc. N¥ Used gms, ¢“*  Precipitate
5.45 89 - 37 5.7 11,29  NapSOy-10H,0

10 75 4,18 12,95 b 2 21,0 Na oS0y *10H 0

16 gt 6,55 15.5 7.8 29.4 NaoS0)* 9Ho0*HpOp
-- -=- conc, 0.8 2.1 -- Nas8Cy " 3HoO0o * XHo0

¥ Normality of sulfuric acid
¥# Concentration of Hp0o, solution in grams of HoOo per 100 cc,

of solution,

The precipitate of NaoSO)y°3H 0, XHs0 was 73.6%
Na580) *3H,0, and contained some carvon tetrachloride, This
sample was placed 1n a distillation Fflask and evacuated at

out 2 mm, mercury presgsure to attempt to digtill off the
H,0,. After one-half hour the precipitate contained 5Lg
Na~S0y*3H,0, based on the peroxide present, The hyd&rogen
peroxide removed was largely decomposed,

Sodium peroxide diperoxyhydrate was converted to urea

monopercxide by the reaction with urea of the'hydrogen .
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peroxide solutions produced above, The resulting slurry upon
evaporation gave a product of 69% urea monoperoxide mixed
with sodium sulfate. The product was quite stable when stored

at room tenmperature,

. Preparation of Poctassium Peroxide DI

G

The object of this work was to replace the sodium meth-~
ylate An the reduced solution with potassium methylate so
that potassium peroxide diperoxyhydrate (K202-2H202) would
preciplitate during the oxidation step.

The standard rsduction scluticn consisting of 80 grams
of azobenzene dissolved'in 600 cc, of benzene and 40O cec. of
methyl alcohol was uséd° The reduction step was carried out
as previously described, All of the sodium methyiate was
removed by the use of calcium chloride or water extraction,

¥hen calcium chloride was used to remove all of the.
sodium methylate, a large amount of precipltate formed andg,-
therefore, a considerable amount of hydrazobenzene was
adsorbed on the gelatinous calcium methylate, The filtre-
tion and washing steps were quite difficult,

The water-extraction method was most easily used. This
was accomplished by adding water to the reduced solution and
then separating the benzene phase which was washed with water
and then dried with celcium chloride,

A potassium methylate solution was prepared by reacting

potassium metal with methyl alcohol, This reaction was
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carried out carefully to eliminate fire and to cut down the
amount of metal oxlides added, A soclution of about 50 cc, of
benzene and 50 cc, of methyl alcohol was placed in a 3-neck,
round-~bottom flesk equipped with a condenser and an agitator.
The flask was placed in z cold water bath, The potassium

, was cleaned and cut under benzene and transferred rapidly
into the stirred soclution, More methyl alcohol was added
when the potassium methylate began to crystallize or when
the metal reacted only slowly, The final sclution contained
3.59 meq. KOCH3 ver cec, of selution,

Thig potassium methylate sclution was added to the
hydrazcbenzene sciution so that the potassium methylate was
present in an amount equivalent to one-third of the original
sodium methylate, ‘

Wnen the hydrazobenzene was oxidized in the presence of
the potassium methylate, a preclipitate of the rather unstable
K202'2H202 wag formed, Wnen the potassium methylate was
added in an amount equivalent to one-half (1/2) of the
original sodiun methylate; Ko0p°2E-0p, formed again., All
oxldations were made at 0° C. because of the instability of

:he ¥505°2H505, 8everal times products were obtained that

{

had a peroxide to base ratio of 3.5, This value would cor-
regpond to the compound X50,°2.5H50,. It was concluded that
this material consisted of a mixture of K505°2H50, and

Ko0p° 505,
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. Potasslum peroxide diperoxyhydrate was crystalline and
very easy to filter and wash, The partlicles apupeared larger
than the crystals of NapOp-2Hs0p and flltration was somewhat
easler than filtration of the solutlion from the Naos0p°2H,0p,
. The rate of oxidation of the hydrazcbenzene in the
pragence of potassium methylate was not made. However, the
strong orange color of the azobenzene solution appeared to
form more rasldly than when sodium methylate was in the
oxidatlon solution,

However, more peroxide remalined in the oxidatlon solu-

tion during the preparation of K202°2H202 tnan during the

fd

Thig gnowed that the solubl

5°2H,0,. Thi no
of KoCs°2Hp0, was greater than the solublility of Nas05°2Ho0s5,

ity

+

*2H-0, may have been slower to preclo-

An attempt to determine the solubllity of Kp0p®2H,0, in
methyl alcohol and a solution of UC% by volume methyl alcohol
in benzene at 0° Cclwas made by adding a freshly orepared
sample to 10 cc; of the cooled solvents and shaking %the
tubesg with cooling in anxice bath, In both cases consider-
able bubbling resulted, This showed that decomposition was
resulting in voth cases, After about one-half hour the solu-
tions were filtered and the amount of élkali and peroxide
determined in 5 cc¢. of the solutions., One hundred cc, of the
10% alcohol solution contained 6 milliequivalents (meq,) of

base and 0,935 meq, peroxide while 100 ec¢c, of the alcohol
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solution contained 43.S$ meq. base and 30,6 peroxide,

These tiltratlions gave a peroxide to base ratio of the

dissolved material of 0,15 in the 40% alcohol solution and
C.84% 1n the alcohol,

Based on the peroxide present the
solubility found was 0.028 and 0,90 grams K»05+2H,0, per
100 ce., of the 40F alcohoel solution and
respectlively.

th

ol
"y

31 YA

ure

i

-

f

-t

l1¢&ohne
The amount of thiosulfate solution required
to titrate a sample of the filtrate obtalined after oxida-

tion was the same as that reguired to titrate the 40%
alcoheol solutlon above,
H=

peroxynydrate,

Preparation of Lithium Peroxide znd ithilum Peroxide Mono-

The standard solution of azobenzene was converted to a

solution of hydrazobenzene and sodium methylate in the

methyl alcohcl-benzene solvent by reduction with sodium
amalgam and the alcohol, To this reduced solution an amount
of anhydrous lithium chloride dissolved in methyl elcchol

action (3),

was added to convert gll of the sodium methylate to lithium
methylate and precipitate sodlium chloride zccording to re-

LiCl + NaOCH; —> L10CH; + NaCl (3)
The resulting solution was flltered and the precipitate
washed with the methyl elconol~benzene solvent,

The filtrate
was added toc the oxidlzer end the oxidation carried out at
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Oo C. The preclpitate had a preroxide to base ratlo slizhtly

greater than one, When these samples were stored at room
temperature conslderable decomposition took place with the
formation of some lithium hydroxide. The final peroxide to
base ratio was slightly below one,

A 1ithium peroxide product with a peroxide to base
ratic of 1,57 was obtalined when exactly one-~half of the
methylete was removed by the water extraction method, After
oxidation for three hours at 0° C. the material was removed
by filtration and washed with a cooled 90% benzene solution,
The product contalned 28,0 meq., of base and 43,8 meq., of
peroxide per gram. If this product were pure Li50,°H505 and
L1202 plus an inert impurity 1t would have contained 47.1
meq, of peroxide per gram. Therefore, the purity was 93,0%,
After drying eighteen days at 25° C. and about two mm, mer-
cury pressure 1t contalned 35.7 meq. base and ¥1.5 meq.
peroxide, If this product, with a peroxide to base ratio
of 1,16, were pure L1202-H20é and L1505 plus an inert mate-
rizl it would have had 45,2 meq, peroxide per gram andg,
therefore, the purity of the product was 91.7%. After a
total of 27 daye the ratio was 1,065, the percxide content
was 40,1 meq. per gram and the purity 90,6%.

The egbove materlal was very white when prepared., After
evecuation for eighteen days 1t became silightly orange-yellow
in appearance; however, essentially no oxygen was evolved on

golution in ice water and a 0.2 gram sample evolved only
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0.3 cc, when analyzed for superoxide,

Lithium peroxide monoperoxyhydrate was prepared by the
oxidation of hydrazobenzene in the presence of lithium
methylate- present in an amount eguivalent to two-thirds (2/3)
of the original sodium methylate produced in the standard
reduced solution. The first portion of the sodlum methylate
was removed by means of calclum chlioride, while the remainder
was converted te lithium methylate witn lithium chioride,
This solution was oxidized at 0° C., but when the final
precipitate was washed at 25° C., with a solvent mixture of
equal volumes of benzene and methanol; the product decomposed
to give a brownish-yellow materizl ccntaining 35,9 meg, of
bage and 32.5 meq. of peroxide per gram, A superoxide
analysis showed 5,83 L10s5.

The rate of peroxide precipitaeted was determined for an
eXperiment when 69% of the NaOCH, wes removed with calcium
chloride and the remainder was converted to LiOCH3 with
LiCl, The results are tabulated in Table V,

The results show that 98% of the LiOCHB wag converted
to LiOOH (L1502°Ho0s). L1505°2H50p did not appear to form,
Since L1i50o-2H505 did not form, the yleld of solld peroxide
could@ not exceed zbout 0,592 for at this yield 100% of the
LiOCHB would have been precipitated in the above preparation.

After washinz the L1202-H202 preclplitate with a benzene

solution containing 102 methanol, the product decomposed
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Teble V
Preparstion of thhium Peroxide Monoreroxyhydrate
(£* = 0.29)
oxidation ]
ain. x** v Al Hge
16 0.u406 1.82 0,214
60 0.95 1.29 0,493
120 2,959 1,90 0.5U5
180 0.9%0 2.04% 0.58

¥

-
i

LA0CH: present in an amount egquivalent to 29% o
orli f'i nal RGOH}IB

#% pPracticn of LICCH, precipltated,
### peroxlde to bage ratio in precipitate,

rapidly to L10OH. The oxidation and filtration were done
at 0° C,

To prepare Lis0- & solvent of equal volumes of ethyl
alcohcl and benzene was‘used for the solvent for the azoben-
zene, After the reduction the sodium ethylate was replaced
by lithium ethylate by the addlition of anhydrous 1ithium
chloride dissolved in methyl alcohol. The sodium chlcride
was removed by filtration and washed with the benzene and
ethyl alcohol solwvent., . All of the lithlium ethylate remained
in -the solution when 80 grams of azobenzene was used per

1000 cé. of solvent,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



—60~

The solubllity of lithium ethylate in ethyl alcohol was
about 12,6 grams L10Et per 100 ce, and in a 40% ethyl alcohol
solutlon of benzene about 5,3 grams per 100 cc, of solution,
The solublility of lithium methylate was about 13,0 grams

LiOGHB per 100 ce, of methyl alechol and 4,5 grams per

10G cc. of the 0% methyl alcohol in benzene solvent,

when the hydrazobenzene was oxidized in the above ethyl
alcohol~-benzene solution containing lithium ethylate, 97% of
the Li0Et was precipitated as Lis05 . Lithium peroxide also
precipitated when the lithium ethylate was present in an
amount equivalent to one-half (1/2) of the original sodium

3 P
hyl we samples had a percxide tc base ratic of

[¢)]

thylate, The tw
0.98 and 0,96 respectively. The samples contained 91% end
90% by weizht Li,0, and only a trace of chloride,

on storing the above samples sixty-five days at 25° cC.,
there resulted a loss of availiable oxygen of 3.0% and 2,0%
regpectively, No trace of oxygen was evolved on solutilon
in ice water. Both samples were very finely divided and
quite low in density. Samples of the powder appeared to

remalin unreacted after twenty-four hours exXposure o
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I. Prevaration of Sodium Superoxide and Potaesgsium Superoxide

Tfrom the Diperoxyhydrates of Sodium Peroxide snd Potassium

Peroxide,

The second phasé of this work involved the conversion
of Nas05°2H-0, to Nald, and X 05°2Ho0p t0 KOp. The reaction
resulted in the formatlion of both superoxide and water. Sev-
eral procedures were used to carry out the converslion under
or the escape of the water %o prevent
its decomposition of the superoxide, The K202'2H202 and
Nas0-°2Ho0, samples were prepared as previously described.

After filtrating and weashing KEOE'ZHEOE with & solvent
containing 4L0% by volume methyl alcohol in benzene cooled to
0° €., the white crystalline materisl was added to a vacuum
desiccator to dry., Rarld decomposition resulted, and after
about Tifteen minutes & layer of yellow malterlal was remcoved
and analyzed for superoxide by measuring the amount of oxygen
evolved by treating the sample with & solution of acetic acid
and diethylphthalste (method of Seyb and Kleinberg). The
amount of superoxide in thls first sample was found to be
about U463,

At gz later date more stable K202-2H202 was cobtained by
washing the precipitate with a 10% methyl salcohol solution
in benzene cooled to 0° C. Some of these samples showed a
much slower rate of decomposition under vacuum,  Two differ-

ent experiments produced products with 62% and 61,5% KO5
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when the K505°2Ho0, was decomposed at 250 C. in two and one-
half hours and one week respectively., A second rather stable
preparation of K-0,-2H-0, was decomposed at 0% ¢. and 250 C.
under aboult one to three mm., mercury pressure. After two
weeks the sample decomposed at O° C, showed a 61.2% KOs
gontent while the sample at 25° C. had a 695.6% KO» content,
Since Traube and Schulzes (39) reported that ultra-
violet 1light had catalyzed the formation of Baou and Caly
from the peroxyhydrates of barium and calcium peroxide, this
method was applied to the preparation of NaO, and KC,. Two
methods were used utilizing ultra-—-viclet 1lishit, the cne
using a vacuum to remove water and the other a stream of
gas to sweep away the water formed,.
The first methoed utilizing ultra-violet light to prepsare

NaO, and KOo made use of a current of oxygen or aemmonia gas

2
to remove the water vapor ag it formed, In thls method the
diperoxyhydrsetes were washed after preparation and left on
the 600 cc. fritted-glass funnel, The gas was then drawn
through the funnel to remove as much as possible of the

water as 1t was formed,

A quartz glass plate was cemented onto a neoprene sheet
with a circular hole cut Just smaller than the funnel so
that the neoprene could be stretched over the funnel to

make & tight sezl, An opening was made in the neoprene at

the edge of the quartz plate to pass in the gzas,
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In one experiment using this procedure, ammonla gas
wag passed intoc the funnel and drawn through a K202-2H202
sample by means of a water aspirator, A sunlamp was placed
about ten inches above the quartz window, The material
began to decompose lmmediately and in ebout fifteen minutes
the product was analyzed for superoxide, Tne sample Con-
tained 69% KO5.

Oxygen gas was used with a larger sample of Ko05+2H50,.
Three separate analyses of this product gave 59%, 473, and
53% KOp. It was believed that the variation in the values
obtained wes due largely to the non-homogeniity of the pro-
duet,
The data cobtained on the preperation of K02 is summa-
rized in Taeble VI. A vacuum of about three mm., of mercury
was used,

Table VI

Conversion of K505 2H50, to KO

Run Al Method Time of Meqg., Base %
No. Original Used Reaction per Gram YA K02
s 3.4 Vacuum,25° C. 30 min. - 46.5
S 2,24 F 30 min, - 0. us 69
S6 2 B 30 min, - 53
Se7A 3 Vacuum, 0° c. 2 wks, i2. 0. 65 61,2
Se7B 3 Vacuum, 250 2 wks. 12.% 1.00 69.6
829 1 wk, 12,8 0.88 61.5
S30 3 " " 2.5 hrs. 13,56 0 62,2

# Peroxide to base ratio.
F - Sunlamp, NH3 gas drawn through sample in funnel,
B - Sunlamp, 0 “gas drawn through sample in funnel,
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Sample No., S29 was allowed ebout seven hours on the
funnel while a stream of ammonla gas was pulled through the
sample, The sample remained quite stable whille some yellow
product formed. Since the sample did not readily decomposge
it was placed in a vacuum deslccator,
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The accuracy of th
not extremely gcod, The superoxide content was estimated to
be asccurate to sbout five percent, The values obtained were,
no doubt, slightly high due %o liberation of peroxlde oxygen,
In meking the superoxide analyses, the reaction flask was
kept exactly at a temperature of the crder of 12° ¢. for

Runs S27A through S830.

¥hen relatively pure Nap,05°ZH,0p, wes placed in a2 vacuum
desiccator to remove benzene and alechol essentially no
superoxlde formed at 250 C. in from four to eight hours of
drying,

Rapid heatlng of Nas0,°2H50, resulted in complete decom-
position %o sodium hydroxide, Slow heating gave traces of
Na0O,, Heating under vacuum gave a grafual cclor change from
white to pale yellow, Further heating resulted in more
rapid decomposition with considerable evolutlion of oxygen,

Two samples containing 8&,6% and 12,6% superoxide were
obtained in this manner,

Since Najs0,°2Ho0; was quite reluctant in its conversion
tc NaO,, ultra-violet light was used 1initlally to carry out

the conversion. Since Na202«2H202 wasg quite stable, however,
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1t was much easler to handle than the Ko0p5-2HO5.

In order to get good conversion 1t was assumed necessary
to get good exposure of as much as possible of the NaEOE'EHEOQ
particles with the light. To accomplish thils, an apparstus
was constructed in which the powder sample was mixed inside

-
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ultre-violet 1ight was high, The apparatus, as previously
described, was constructed so that a vacuum was maintained
in the tube while 1% rotated and mixed the sample due to the
tumbling action,

A mercury=-arc lamp was used a8 & source of ultra-violet
light, Since this lamp generated a considerable amount of
heat, a fan was placed over the tube to prevent excess heat-
ing,

About five grams of Nao0,°2Ho0, were placed in the tube
and a vacuum of about three mm, was maintalined while the
tube was rotated under the light, After a short perilod of
time the sample turned pale yellow, lIn one run after Tif-
teen minutes a product was removed and analyzed for super-
oxlde, peroxide, and base, The peroxide to base ratio was

1.0% and the superoxide content was 16,1%, A second sample

contained 13,%% NaOs and had a peroxide to base ratio of
1.63 after four hours,

Since Ko0p°2H50, could not be prepared dry and allowed
to warm without decomposition, an investigatlion of the decom=~

position of K202o2H202 in the gbove apparatus was not made,
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Conversion of NapOp-2H»0p to NaOp by passing oxygen gas
through the vreciplfate on a fritted-glass funnel to sweep
out the water formed was not very successful unless the
gample was stirred. In one experliment a thin layer of the
dark-yellow NaQ, formed on the surface while the sample re-
mg;ned very white underneath_ At the same time the heat
generated by the sunlamp raised the temperature of the
Na505+2H505 after which the material decomposed very rapidly.

In order to give better contact with the ultra-violet
light on the Nas0o+2Ho0o particles and at the same time pre-
vent too much heating of the particles, several streams of
oxygen were directed into the fumnel from & glass tubing with
small tips drawn out 2%t various positions so that the Jets of
oxygen could be directed over the entire surface of the
funnel and the pyrex window, By rotating the tubing the dry
Na50,5°2H0, particles were stirred énd mixed with the whirl-
incg gas., In cne hour a product was obtalned that analyzed
27.2% Na0p while the peroxide to base ratic was 2,15, This
product was largely NaO, and undecomposed NepsOgs<2HSCo.

In a simllar menner Nas0p,°:2H50, was added to a glsass
besker mounted on a platform rigged on a motor shaft, The
Na505°2Ho0, sample was placed in the rotating beaker in which
several Jets of oxygen were blown to agltate the powder and
remove the water as 1t formed, This allowed the ultra-
violet 1ight to come into better conﬁact with the fine par-

ticlee, However, two samples converted in thls fashion con-
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tained 18% and 25% suneroxide after about two hours reaction
time., The top of the beaker was open to the atmosphere,

Samples of Nap0p*2H 0, gave rather low ylelds of NaOn
(7%) with vsry little decomposlition of the remaining
NapCs+2H-0p, when evacusted in a 500 cc, quartz flask which
was shaken in front of a sunlamp. See Runs 810 and sS12 in
Table VII. Run 811 gave 18.7% NaO,; however, the sample was
largely decomposed to sodium hydroxide, The latter sample
was run for three hours during which time the Fflask was
allowed to become gulte warm,

A third procedure, utilizing ultra-viclet light, wes
ﬁsed to remove the water in the preparation of NaGy and KOE.

this method the samples were added to liquid ammonia at

5

¥s bolling voint at atmospheric pressure. The Na202°2H202
sample was placed in a besker and & sunlamp placed about one
foot above the well-stirred solution, After two hours the
product was removed by filltering the ammonia through a
glags-cloth filter, On drying the materiel violently decom-
posed, Two small samples, reserved while still wet, wers
analyzed. The superoxide content was 7.9% while the peroxide
to base ratio was 2,14,

A E505°2H,0, sample turned yellow when stirred in a
gquartz flask in liquid ammonia, A sunlamp was placed at the

bottom of the flask, After filtration this sample aglso de=-

composed,
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The results for the various preparations of NaOos utiliz-

ing ultra-violet light are tabulsated in Table VII,

Table VII

Conversion of Nap0p°2Ho0p to NaQs with Ultra-violet Light

Run z* Method Resasctlon  Meq.Base %
No. Original Used gime per Gram A NaOop
rs,
S5 - A 2 - - 25,0
s& 2.99 B 1 - —— 17.7
39 2.99 C 2 14,5 2.1k g_g
810 - D 1.5 13.7 2.73 .2
S11 - D 3 13,07 0.60 18,7
s12 = D 1 13,5 2.87 6.0
S1 Sample S12 B 1 14,0 2.15 27.2
si 2.85 B 1.5 - 1.93 18,5
s17 2.86 D b 21, 0.30 40,3
S18A 2.35 E 0.25 19. 1.08 16,1
S13B 2.22 E .5 16.1 1.93  13.%
11.5 16.9 1,59 11,6
16.5 17.5 1,39 12,6
# Peroxide to base ratio,
A - Sunlamp, Op gas passed over sample in beaker,
B -~ Sunlamp, 0o gas through sample in funnel.
C - Sunlamp, sample in 1iquild NHz at =339 C,
D - Sunlamp, vacuum, sample in gdartz flask.
E - Mercury-~arc lamp, in rotating plexiglass tube with
vacuum of about 3 mm,
For the Na0, samples the peroxide to base ratio, Z, was

much lower for some samples than others with essentially the

same

superoxide content,

In some casges uhreacted Na202‘2H202

remained whille other samples contained a considerabie amount

of sodium hydroxide,

Unless the analysis for Run S13 was

high, the sample consisted essentially of 27% NaO, with the

remainder Na202~2H202.
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Sodium peroxlde dlperoxyhydrate was converted slowly to
Nals under vacuum, Samples were stored in small zlass
bottles in vacuum desiccators contalning barium oxide., AL
various time intervals the samples were removed for anglysis
of the superoxide content and peroxide to base ratio, Before

removing samples for analysis the desiccators were Tilled

fad ]

with oxygen gas passed through a magnesium perchlorate dry-
ing tube, This was to cut down the addlition of water and
carbon diloxide to the samples,

The results cbtained for the various preparations of
Naoe, utilizing a vacuunr of about three mm, of mercﬁry to

remove the water, are tabulated in Table VIIT,
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Decompositlion of Nao0p*JHS0p to NaOp Under Vacuum

(P:‘:}mo, Tzeso C.)

Run yA Time Meq. Base %

No., Originsl days per Gram Z Na02
2,2 2 - 1.4% 22.5%
S5 2.2 i 17.7 1.15 6. 6%
o4 IR

13 18, 0.5 7.2

3 18.3 047 5% 2
£ 5 7 3 i5. 2.1k 10.7%
Lo =12 2% i?ag 1.56  oa.1
37 1@.5 1.35 Lk 6=

45 16,8 1.22 45 . d
55 17.5 0.9 o7.0%

112 18.3 0.52 72.0

129 18.0 0.5 66.5

st 2,98 40 15.4 2.30 6.8
2 ? 72 17.3 1,69 16.9
90 18.5 1.10 31,2

100 18,9 1.12 29.4

820 at 40° ¢, 2.98 39 23,6 0.18 9.3
s21 2. 3 18,1 1.58 1C.0
7> %é 20.6 0.82 a4 3

65 22.9 0.56 28.9

822 {in dark 2. 14,1 1.58 10,0
2 (in dark) = 25 21.3 0.61 28.0
Sogus 2.95 17 13.8 2,64 6.5
sal 2.91 3 19.4 1.13 20,3
? éﬁ 22.8 0,22 7.7

6 2.70 1 15, 1.88 14,5
52 ! % 1?,2 1.15 22,0
+3 19.5 0.70 29.0
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Table VIII (Continued)
Decomposltion of Nas0p-2Ho0p, to NaQp, Under Vacuum

(P=3mm-.' T=250 C»)

Run A Time Meq. Base %
No, Criginal days per Gram yA Na0,
831 2.75 5 16.9 2.01 8,1
{ 7.7 1.57 18,
10 18.6 1.25 29,6
17 - 0.81 53.3
332 2.90 5 16,8 2.02 2.5
7 17.4 1.82 7,2
10 17.8 1.58 17.
17 18.5 1.C hi.s

® Analysis of KNa0» made with reaction flask at room o
2 LN Ry gy

temperature; ail other analyses made witn Tlask at i2¥ C,

#® gample four days in glass tube with 8 volt Germicidal

lamp located inside tube. Temperature held at 12° ¢, by

water Jacket, 3 mm, Hg pressure maintained,

Tne solutions used for the preparation of the
Naos0o°2Ho0, samples that were used for the NaO, preparation
tabulated in Table VIII were prepared as follows:

Run 815 -« Oxidation of the layer rich in methylate,

Run No. 5%, no CaCl, used.

Run 916 - Standard phase-geparation method, Run No, 54,
no CaCl, used.

Runs 519, 820 - Standard phase-~separation method, Run
No. 55, small amcunt of CaCl, used to remove
Ho0,

Runs S21, S22, S23, 824 - Calcium chloride method,

Run 26 - Essentially no methylate removed, CaCl, used
%o remove water,

Run S31 - Na N&OCHB remﬁved, no CaClz added,

Run S32 - Water extraction method, Run No, 59B, no
Ca612 used.
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J. Methods of Analysis of Peroxide Compounds and Superoxides.

The alkall content of samples contalning calciun peroxlde
and calcium methylate was made by adding a weighed sample to a
small amount of water and then adding an excess of 0,1 N
hydrochloric acid., After all of the solid went into solutlon,
the excéess acid was back $itrated with O.1 N sodium hydroxide
solutlon using phenolphthaleln as an indicetor,

The peroxlde content of the above samples was determined
by a modification of #Kingzetts Iodide Method® (13). About
0.4 grams of the calclum peroxide products and 10 ec. of
glacial acetic acld were added %to a bezker containing water
with ice., Immediately asbout 40 ec, of a 10% potassium ?
jodide solution was added., Then a few drops of a saturated

solutlion of ammonium molybdete was added to hasten the liber-

atlon of lodine according to the reaction:

Within three minutes the lodine was titrated with a 0,1 KR
thlosulfate solution,

The peroxide and base content of peroxide compounds of
the alkaell metals, namely L1505, Li505°H50,, NaOOH,
Na202-2H202, and K202°2H202, were made by slowly dissolving
& welghed sample of about 0,2 grame in a mixture of ice and
water followed by titration of the base with 0,1 N hydro~
chloric acid and then determlnation of the peroxide by the

thiosul fate method,
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One ce, of 0.1 N sodlum thiosulfate sclution corres-

ronded to the following amounts of the following compounds:
0.001701 gram Ho0p
0.00229%4 gram Li,0,
0.001997 gram L1QOH or Li150n°Ho0p
0.,002801 gram NaOOH or Nas05"Ho05
0.002451 gram Na,0,°2H,0, or NaOOH:1/2H,0,
0.002970 gram K,05°2H,0, Or KOOH*1/2H50,

The alkali and percxide content of potassium superoxide
and sodium superoxide products were made Dy slowly dissolving
the weighed samples in water containing ice snd proceeding as
above,

The solution of the peroxide in 1lce water with the
liberating of the superoxide oxygen without undue decomposl-
tion of the peroxide was discussed by Kraus and Whyte (20)

end can be represented by:

2 KO2 + water — K50y, aq + Op

It was pointed out that thils method was not extremely
accurate due to some deccocmposition of the peroxide,

The superoxide content wazs determlined by a procedure
developed by Seyb and Kleinberg (37). A diagram of the
apparatus similar to the one desecribed by the above authors
1s shown in Figure 13,

In this procedure samples of about 0,2 grams were trans-

ferred to a smell vial in a dry box containing anhydrous
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FIGURE 13

APPARATUS FOR SUPEROXIDE ANALYSIS
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magnesium perchlorate, Extra precaution was taken for potas-
slum superoxide because these samples picked up water vapor
very rapldly from the ailr, The visl was weighed snd the
contents rapidly transferred to & 125 ce. ground-glass
Erlenmeyer flask previously flushed out with oxygen which

was dried by pessing over anhydrous magnesium perchlorate,
The flask waes lmmedlately transferred to the cell head which
contained a coating of stopcock grease to give a tight seal
to the flask, The flask was held tightly in plece by means
of a rubber band,

A stream of oxygen was passed througn the drying tubes,
intc the flask to flush out any air, and out of the gystenm
through a three-way stopcock located on the top of the gas
burette. At this time the cold water bath and the magnetic
stirrer were ralsed so that gas inside the reactor flask
came to constant temperature., During thils time the vizl was
reweighed to determine the welght of the sample and a second
sample was analyzed for peroxide and base content,

After about 10 minutes to allow the tem;erature to
become constant, about 4 cc. of diethylphthalate (DEP) were

T k] £ +
task, Then exactly 10 ce, of & mixture of

0

added to tt
80% glacial acetic acid and 20% DEP were added slowly during
which time the sclution was satirred, The remainder of
exactly 5 ec., of DEP was added then to remcve any acetic
acid from the glass tublng to prevent any of the acetic zcid

from being added initielly to the next sample to be analyzed,
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The burette reading was made after all of the yellow
material had disappeared from the sample, The superoxide

content was calculated from

% = T(R/w)(273P/760T)

il

i

0.491 for NaO, and 0,635 for KO,

temperature of the coolling water

T
T

" P = barcmetric pressure
R

burette reading minus 15

H

Since the temperature of the tap water was of the order
of 10° C., the majority of the analyses were made with tap

water for the temperature control.
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III. RESULTS AND CONCLUSIONS

A, Oxidatlon of Hydrazobenzene in the Presence of Calcium

Methylate and Calcium Ethylate and the Reaction of Hydro-

gen Peroxlde with the Alcoholates in Non-aqueous Solutions

The sodium amelgam and methyl alcohol reduction of azo=
benzene in the alcochol and an 1nert solvent such as benzene
was discussed by several investigators (3,30,31). This
reduction reaction produced, for example, hydrazobenzene and

sodlum methylate according to reaction (#). ?

FhN, + 2 CHBOH + 2 NeHgy —> Ph_N_H, + 2 CHBONa + 2x Hg (4)

In this investigatlon calcium chloride dissolved in
methanocl or in the s0lid form was added to the reduced solu-
tion, A precipltate of sodium chloride and calclum methylate

resulted as shown by reaction (5).
CaCl, + 2 CH,ONa -—> Ca(OCH3)2 + 2 NaCl (5)

The solubllity of sodlum chloride was known to be
essentlally zero in benzene and quite low in methyl alcochol
at room temperature, For this reason 1T was
sodium ions could be remeved as sodium chloride almost quan-
titatively from the standard solution consisting of about
60% benzene. However, 1t was found that calcium methylate

was only very slightly soluble in methyl alceohol, the solu-
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Pility belng of the order of 0,02 grams of calclum methylate
per 100 grams of alcohol; the solubility in benzene was
egasentially zero,

These results showed that the exchange reaction (5)
gave complete precipitation of the sodium methylste as cal-
clum methylate with essentially an equivalent amount of
sodium chlorice,

Yhen oxygen gas was passed through the slurry of gelat-
inous calclilum methylate and sodium chlcride in the hydrazo-
benzene sclution, hydrogen peroxide formed and reacted with

the calcium methylate as predicted by reactions {6) and (7).

PhN H, + O, —= Ph,N, + HOOH (6)

CH {7}

Il
v

Y]

(OCHB}E + HOOH —= Calp + 2 CH3

Some calcium hydroperoxide methylate (CaOOHOCHB) mey have
formed,

Yhen all of the celcium methylate produced by reaction
(5) was left in the slurry, about 58% of the Ca(OCH3)2 was
converted to CaC,. This showed that either or both of the
rezctions (6) and (7) were incomplete. The yield of calcium
peroxide was about 86% after three hours of oxidation when
one-~-half of the calcium methylate was removed before the
oxidation, In this case the oxidation yleld was only about
46%,. The products obtained in both czses were very stable,

Nearly identical results were obtalned when ethyl slcohcl

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



..79..

was substituted for methanol in the azobenzene solution,

Poor results for the above reactlions were due, no doubt,
to two factors. First, since calcium methylate was quite
insoluble in the solvent mixture used, the resulting solution
wes only very weakly alkalline, It appesred that hydrazoben-
tonms wi
gen peroxlde at a reascnably rapid rate only in falrly alka-
line soclution under the conditions used., Thls assumption
was reasonably verified by the fact that oxidation in th
presence of csalcium methylate never reproduced the strong
cherry=-red color charécte-istic of the origlinal azobenzene
solution,

However, when 103 of the sodium methylate was left in
the solutlion to incresse the alkalinity, essentially the
same results were obtalned, This indicated a negative
catalytic effect caused by the calclium methylate,

The second factor causing low ylelds of calcium peroxide
was believed to be the cetalytic decomposition on the surface
of the calcium methylate., Actually excess hydrogen peroxide
was never found in the solutlion and its decompositlion by
80l1id calcium alconolates was shown to be quite strong,

When solid calcium ethylate was added to a hydrogen peroxide
golution of ethyl alcohol and a hydrogen peroxide solutlon in
benzene and methyl alcohel containing azobenzene, nearly com-

plete decomposition resulted wnhile very 1little peroxide was

found in the so0lid phase,
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When worklng with calcium ethylate, which was precipi-
tated from a hot ethyl alcchol solutlon as Ca(OEt),-2ETOH,
it was noted that the precipltate became dark due to oxide-
tion. The formation of the yellow-reainous nateriel was
arrested by the addition of about 0,1% ethylene dilamine
dihydrochloride to the precipitate or solution of about 2%

Ca(OEt)> 1in ethyl alcohol at room temperature,

B, Methods of Removing Sodium Methylate from the Reduced
Solution.

Four methods were used to remove all or any desired
fraction of the sodium methylate In the methanol and benzene
solution containing hydrazobenzene, All of the NaOCH3 was
removed when the oxidstion step was studied in the presence
of KOCHB, LiOCHS, and LiOEt, Varlous fractions of the
NaOCHB were removed to study the preparation of Nas0o°2H50o.

¥nile the addition of calcium chloride to the reduced
solution of hydrazobenzene and sodium methylazte 4id not
afford a method of producing a high-grade calclium peroxide
product, it did provide a convenient means of removing any
desired fraction of the sodlium methylate, The solubllity
of Ca(OCH3)2 in methanol was about $,02 grams per 100 grams
of the methanol and essentislly zero in benzene. However,
the precipitate of sodium chloride and calcium methylate,
probably as Ca(OCH3)2‘ECH30H, was found to be gelatinous

and very difficult to filter. Slow addition of a ocalclum
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chloride solution in methanol to the rapidly stirred sodium
methylate solution gave a preclpitate that filltered much
more readlly. However, 1ln both cases considerable hydrazo-
benzene was adsorbed on the precipitate and was qulte diffi-
cult tc remove by washing, For this reason considersble
hydrazobenzene was lost beforevthe oxidation step and, there-
fore, the yleld of peroxide products was cut down scmewhat,
One advantage of the calclum chloride method was that
any water that msy have been in the hydrazobenzene solution
was removed by resction with calcium methylate as shown by

reaction (8).
Ca(OCH3)2 + 2 HEO ~—>-Ca(OH)2 + 2 CHBOH (8)

A seoond advantage coffered by this method resulted
in the purification of the 95% azobenzene before oxidation.
The dark colored impurities were removed during the filtra-
tion step, ‘When thils step wae eliminated and impure azoben-
zene was used, adsorption of the resincus material resulted
on the peroxlde precipitates.

However, as the filtration step was carried out with
much difficulty, since hydrazobenzene was lost due to adsorp-
ticn and since cealcium methylate has no general use in the
chemicel industry at present, other methods were worked out

" to recover the sodium methylate which at present is an

article of commerce,
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A convenlent method of removing sodlum methylate from
the hydrazobenzene solution was to sevarate two liquld phases
that formed after completlion of the reduction step., The one
phase contalned the greater portion of the hydrazobenzene 1n
mainly benzene while the second phase contained about 93% of
the sodium methylate in a sclution of abouil sgual volumes of
benzene and methanol.

By meaking use of this method of removing sodium methyl-
ate to produce peroxide compounds such as Napg0p+2Hpo0p in a
cyclic process the reductlion of the azobenzene wilth sodium
amaligam and methyl alcohol would be made as previously
described. Two-thirds (2/3) of the sodium methylate would
be removed in the phase rich in methylate. Thereafter, the
hydrazobenzene would be removed from the remainder of this
phage by extrecting with benzene, The benzene solution
would be added tc the oxidatlion solutlicn before oxidaticn
to precipitate Nas05°2H50,. Two-thirds of the sodium
methylate produced on reductlion wbul& be recovered by evap-
orating the alcchol from the sdlution after the benzene
extraction, The obvious edvantage of this prccedure would
be the recovery of the valusble sodium methylsate,

The phese diagram for sodium methylate, methancl, and
benzene was worked out by Robinson (33). In this work the
concentratiocn of scdium methylate in a scluticn of benzene
and methanol was determined; however, the tle linee showing

the two 1iquid phases in equilibrium were not given, For
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this reason it was very difficult to make use of the phase
diagran,

The above phase system was redetermined at room temper-
ature by Doptoglon (9) and the tie lines showing the two
1liquid phases in equilibrium were determined. This phase

gystem 1s presented in Figure 14,

In this diagram the mole fractlion of methanol in the
alcohol-benzene solvent is plotted on the abscissa., The
ordinate, H, represents the moles of methylate per mole of
totel selvent. From Figure 14 it can be observed that with
a sufficlient zmount of sodium methylate rresent two phases
will sevarate, the concentrations of which can be read
directly from the tie llnes, .

In the reduced solutlon hydrazobenzene represents a
fourth component, To determine about what point on the
phase diagram wes reached when the standard solution was
used, the hydrazobenzene was assumed to be equivalent to
benzene, With complete reduction &80 grams of azobenzene
required 0.8%3 moles of methyl alcohol and gave 0,88 moles
of sodium me late and 0.4 moles of hydrazobenzene assumed
equivalient to 0.88 moles of benzene, The 600 cc. of benzene
and 400 cc, of methyl alcohol were eguivalent to 6,71 and
9.74% moles respectively. The mole fraction of alecohol in
the final solution was, therefore, 0,54 and the moles of

methylate per mole of solvent was 0,053%5., This point 1s
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located at "A" on the phase dilagram. It rerresents the
maximum concentration of methylate that can be obtained on
reducticn of the standard solutloen,

The tie line located below point "A" was found by analy=-
sls of the two phases obtalined after reduction of 3000 cec.
of the standard solution. The sodium methylate content was

determined by titration and the benzene and aleohol content

of water, The hydrazobenzene remained in the benzene after
extraction and the wvolume of the benzene sclutlon was meas=
ured as pure penzene, The top leyer contained 10,9 moles of
benzene, 20,8 moles of alcohol, and 1.935 moles of methylate,
The bottom laeyer contained 10,6 benzene, 4,78 alcohol, and
0.172 methylate, These results gave a mole fractlon of
alcohol of 0,66 with 0,061 moles of methylate per mole of
golvent in the tor layer, The respectlve values in the
lower layer were 0,31 and 0,011, These results are repre-
sented on the dilagram ss the broken line,

The fact that this tie line lles below point "A" was
due mainly fo the pregence of hydrezobenzene in the azoben-
zene in the original solution., Hydrazobenzene was present
after oxidation in many ceases due to incomplete oxidation,
After oxidation the szcbenzene was recovered by extracting
the alcohol and alkall with water and then evaporating the
benzene., 1In any actual cyclic process thilis recovery step

would not be necegsary.
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From Figure 14 the effect of removing benzene and
meﬁhanol from the system can be determined, Upon fraction-
ation of the reduced solutlon contalning hydrszobenzene and
godium methylate 1ln a solvent of 40% methanol in benzene,

an azeotrope bolled over at a concentration close to the

F

Viis evaporastion was o

-

solvent charge. The effect o
incresse the ordinate, H, essentially on a vertical line,
This resulted in a benzene phase lower in methylate and a
methanol phase higher 1n methylate,

From Pigure 1li the effect of adding sodium methylate to
the reduced solution was found o increase the methylate con-
tent in the alcohol layer and decrease the concentration in
the benzene layer while a2t the same time to 1lncrease the
benzene and hydrazobenzene concentration in the benzene
layer and decrease the benzene and hydrazobenzene concentra-
tion in the alcohcl layer, The ef{ect of adding methylate
wag also %o increase the difference 1n density of the two
prhases, and, therefore, glve better separation, Actuzlly
when the standard solution was used the benzene layer was
8lightly more dense than the aleochol layer; whereas, when
the methylate was increazgsed gufficiently in the alechol
phaée, the benzene layer became less dense.

W¥hen toluene was substituted for benzene in the reduc-
tion solution and this solution fractionated after the
reduction'operation a condensate of all of the methanol was

collected with sbout 13% of the toluene charge, The concen-
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tration of the condensate, the major portion of which boilled
at 63.3° C., was about 84% methanol., The solution remaining
in the still pot conslasted of hydrazobenzene 1in toluene,

A1l of the sodlum methylate was preclpltated as NaOCHB.

The advantage of this method was that the solid sodlium
methylate was recovered and that the product con
alcohol of crystallization, Industrially the sodium methyl-
ate 1s recovered from a rather dilute soluticon of the
alcohol by distillation of the alcohol, The fact that the
preciplitate CHBONa'2CH30H forms in the evaporator necessi-
tates special distlllation egulipment to remcove the alcchel,

The fact that the methyl alcohol was more difficult to
remove from the toluene and sodium methylate precipitate
than from the toluene a2lone was shown by the distillation

) curves obtained, When the methancl was fractionated from

toluene, the temperature remalned constant end then rose

s
sharply to the bolling point of toluene. When the methanol
was fractionated from toluene and the methylate, during
removal of the last portion of the alcchol there was a
gradual increase in temperature. During thils period the
alcohol of crystasllization was removed,

A very simple method used to remove any desired fraction
of the sodium methylate from the reduced solution was by
extracting the desired fraction of the solution with water,

This left a hydrazcbenzene solution in benzene which could

be dried with calcium chloride, This methed worked well for
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laborztory work, but would not be desirable for the indus-
trial preparation of Nas0,°2H50,, for example, because of
the loss of the valuable sodlum methylate and methyl alcchol

into the water phase,

C. Preparation, Properties and Uses of Sodlum Peroxide
Diperoxynyarate.

Sodium peroxide dilperoxyhydrate (NasOs*2Ho0p)or
NeOOH-1/2H 0, was prepared by D'ans and Friederich (4):
(a) from H05 and Nag0, in Et,0 solutlon, (b) from NaOOH and
H,0, to Et,0 solution, (c¢) from NaOEt and H,0,, {d) by treat-
ing NaOOH with c¢old ESOH, and {e} by treating scdiux with

H202 in Etgo solution,

a

e preparation of scdium hydropercxlde has been deserib-
ed by Manchot and Herzog (22) by the reactlon of oxygen and

a methanol solution of hydrazobenzene and sodium methylate,
The .preparation was described also in cyclic process wnereby
azobenzene was reduced by scdium amzlgem and methyl or

ethyl alcohol in benzene and the alcohol to produce the
hydrezobenzene as well as esgentlially an equivalent amount

of sodium methylate (3,31),

The reactions were repeated to produce the sodium hydro-
peroxide for use as an intermediate in the preparation of
calcium peroxide, "hen the solution was cooled during %the
oxidation it was noted that a precipitate resulted with a

ratio of peroxide equivalents to base equivalents higher

) x
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than that corresponding to sodium hydroperoxlde. A value

of this ratio, Z, close to 3,0 was obtalned many times,

The formula for the compound of sodlum peroxide and hydrogen
peroxlde with a peroxide tc base ratio of 3,0 was represented
as Na202’2H202 (sodium peroxide diperoxyhydrate). The come
pound may also be designated as HOOH-2NaOOH or NaCOH*1/2Hp0..

The preparation of NaOCH by the above method may be

PhoNy + 2 CH30H + 2 NaHgy— PholH, + 2 CHyONa + 2x Hg  (9)

PhoNoHo + Op — PhoNo + HOOH (10)

CHBO‘a + HOCH — CHBOH + NaCOH {(11)

The prepzration of N3202'2H202 may be described by

reactions (12), (13), and (14},

3 Phplip + 6 CH3zOH + 6 NaHgx—=3 PhpNpHp + 6 CH3ONa + 6xHg (12)

3 PhoNoHo + 3 Op —> 3 PhoNo + 3 HOOH (13)

2 CHzONa + 3 HOOH —= 2 CH30H + NapOp'2Hz05 (1k)

Tne reactions (12) and (13) are identical with (9) and (10},
The gbove equations show that when NaCOH (2 = 2.0) was

precipitated at 10C% oxidation yilelds, only one-half of the

alkall was removed; whereas when Nas0,°2H;0, (Z = 3.0) was

precipitated only one-thlrd of the alkall was removed,
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These reactions showed clearly why sodium methylate must be
removed in a cyclic process producing, for example,
Nas0o- 3Ho0s,

A series of oxidations were made in order to determine
about what rate the various solid percxides praciplteted and
under what conditions Na,0o5°2HoGp, was the stable solid phase
present in the oxidation solution. Various fracstions of the
sodium methylaste were removed by the preclpltation of cale
cium methylate and sodium chloride with calcium chloride,
The oxldstion step was carrisd out at 0° . and 25° C. with
no alkall rémoved, with one~half removed, and with two~
thirds removed,

These reactions were made in an anhydrous medlum of
methyl slcohol and bsnzene., Any water, present in the orig-
inal methanol and benzene or any water added during the
reduction and handling of the solution, was removed by the
celeium methylate as shown by reaection (3).

The results showed that NaOOH was the stable phase
present when all the sodium methylate produced in the reduc-
tion step according to reactlon (9) was left in the solution
during the oxidation at temperatures of gbout 25° C, Sodium
hydroperoxide was als¢ the stable phase present in the oxida-
tion solution during the initial oxidation time at 0° C,
when no methylate was removed prior to the oxidation, How-~
ever, this was gradually converted to Nas05°2H 05, At a
90% yield only 304 of the methylate was removed from the
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solution. It was concluded that the preclipltate present
during the oxidation at 0° C. consisted of mixed crystals
of NaOOH and Nas05:2H50p and was not a solid solution,

When one-half (1/2) of the methylate was removed prior
to the oxidation at 0° C. and about 25° C., Na,0,°2H,0, was
the stable solild phase. In this case 60% of the remaining
methylate was removed as Nazog-EHeog.

When twoethirds (2/3) of the methylate was removed,
Nas05°"2H,0, again was the stable phase and about 90% of the
methylate remaining after the cgleiux chloride treatment
was removed during oxidation as NaEOE'EHEOZ'

The gbove resulits snowed a wide range of conditions
under which Na,0,°2H;0p Was more stable than NaCOH in the
oxidation solution. Results cobtalned at a later date showed
that 1t was quite difficult to prepare NaOOH by oxidation of
the solution containing all of the sodlum methylate, NaOCH
was easlly prepared when ethyl alcohcl was substltuted for
the methyl alcohol in the reduction solution,

The gbove results showed that the sodium methylate con-
centration and the temperature were important factors in
determining what solid phases were stable, Low temperature
favored the formation of peroxyhydrates of incrsased peroxide
to base ratio while high sodlum methylate concentration
favored the formation of peroxyhydrates of lower peroxide to

base ratio,
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The effect of the alcohol concentratlon was shown in
this and previous work, Cunningham (3) showed that by
decreasing the methanol concentration anhydrous sodlum
peroxide precipitated rather than NaCOH, DfAns and

Friederich, on the other hand, showed that Na0o°2H 0o

.

Tormed when Na0UH was treated wit
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latter reaction was observed in thils investigation when
sodium hydroperoxide was prepared and washed with & methanol
and benzene solvent, The NaOOH was partlally converted %o
Na-05°2Hs0p for Runs No, 40 and No. 54, In both cases the
precipitate had & peroxide %o base ratlic close to 2.0,

After washing with methanol and benzene the peroxlde To
base ratlos were 1,12 and 1,25 respectively,

The rate of preeipiitation of peroxide and the cverall
vield was essentially the same in all cases, The yleld was
based on the scdium methylate formed during the reduction
operation., However, the reduced solution contained a small
excess of methylate due to local discharge of theaamalgam

according to reaction (15).
2 NaHg¢ + 2 CHBOH-—9— 2 CHBONa + 2x Hg + Ho (15)

For this reason there were less esquivalents of hydrazoben—
zene than sodium methylate, and, therefore, at 100% oxida-
tion of the hydrazobenzene all of the methylate could not
have been removed, In addition a considerable amount of

hydrazobenzene wae lost in the calclium methylate precipltate
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durinz filtration, On the other hand, the azobenzene used
for the reduction always contalned scme hydrazobenzene due
to incomplete oxidation during the previous preparation,

Thie results showed that the rate of oxldation of the

hydrazobenzene was independent of the preclpltate formed
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amoun I
be noted that at least 10% of the methylate left after the
caelcium chloride treatment was always left in the solution
after oxidation. When three-fourths (3/4) of the methylsate
wag removaqd, NagogoEHgog wasg precipltated and a very small
amount of mevhylate remalined with & considerable amount of
hydrogen peroxide, In this case the vield of s80l1id peroxide
was reduced, In other cases the rate of oxidation svpeared
glightly less when no alkall was removed, For example at

0° ¢., this mey have been due, in part, to the sharp separa-
tion of the two ligquid layers,

In the above work the obJect was not fto accurately
determine the rate of oxidatlion, Important factors affect-
ing the rate of oxldation that were not carefully controlled
were the rate at which oxygen was bubbled into the solution
and the rate of agitation., Under the conditions used, in
general, it tock from two to three hours to glve a 90% yield
baged on the sodium methylate,

Three-fourths of the sodium methylate was removed in

one case in an attempt %o prepare Na.gog”-PHeog° In this case

Na,05-2H50, formed when oxidation was carrled out at 0° ¢,
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In one oxidation carried out at 0° C. with no methylate
removed at the early stages of the oxlidation a precipitate
was obtalned that had a peroxide to base ratio of about
five, This corresponded to Na202-¥H202.

The Nas0s° 2Ho05 precipltate was obtained in a state of
rather high purity., The peroxide to base ratio of the prod-
uct was generally of the order of 2.96 when calcium chloride
was used to remove the methylate. The equivelents of per-
oxlde per gram were of the order of 0,040, Assuming all of
the peroxide present as Na-05°2H-0,, the product would be
about 97.5% Na,0,°2H,05., However, with a peroxide %o base
ratio of 2,96, the precipitate may bes assumed %o be $6 moles
of Na505°2H 05 toe four moles of Nagog'Hzog. It can readily
be shown that this mixture would have about 0,04085 equiv-
alents of perocxide per gram, Under this assumption the
above mixture would have a purity of 98.0%, and abcut 2% was
st111 unaccounted for, This may have been solvent, azoben-
zene, or water,

When Na202'2H202 and NaQOH samples were stered at
6° G, a varying amount of decomposition, ranging from about
0% to 3% in four weeks, took piace, Some samples showed
marked decomposition after varying periods of time after
four weeks, However, thls 1s to be expected since the

samples were stored in clcosed bottles such that the water

liberated when =2 small amount decomposed could not escape

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



and, therefore, remalned on the sample and caused further
decomposition,

To increase the stability of Nay0,°2H0,, 5% of Ce0 and
5% of CaSOy were added to remove water to orevent its further
decomposliticn of the product, The results were difficult to
interpret due to the fact that the control sample was quite
stable, The sample contalining CaC did not give consistent
results, This may have been due to segregatlon of the CaQ.
The largest decompositlon resulted with Ca0 in the bulk
sample, This sample contained lumpg while the other gamples
poured freely, Ca0 may have decomposed the Na202'2H202 due
o its alkelline reactvlon with the very weak acetic H202‘

The results alsc showed that the larger samples of
about ten grams gave about the same stabllity data as very
small samples of about 0.2 grams. This is important in con-
sidering the shipment of large lots of the material.

Several factors were belileved to cause scme samples of
Na202’2H202 to show less decomposition than others., This
may have been dque to impuritlies in the crystals or to the
crystal structure, Similar results were obtalned in the
decomposition of Nas05°2H0, to give sodium superoxide (NaOa)
in that some samples were considerably more stsble than
others,

It was shown that when Na202°2H202 was precipitated
from a solution (Run No, 55, Table II) which was dried with

calcium methylate over night the precipitate obtained was
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pure (Z = 2.98) and remalned very stable compared to samples
prepared by oxidizing a solutlion in which the sodlium methyl-
ate was removed by the phase separation method (Run 54},

The latter precipitate had a peroxide to base ratio of 2.72
and showed gbout 14 times more decomposition when stored at
6° Cc. for 21 weeks than the former showed when stored for
13 weeks at 6° c.

The former preparation showed excellent stabllity at
room temperature compared to the preparations previously
made. This sample was stored 13 weeks at 6° C., then two
weeks at 25° C. The total decomposition was onliy 10.7%.

A previous sample shnowed 80% decomposition after storage
at 6° ¢, for four weeks, then at 25° €. for two weeks,

From the above results, it was concluded that when
precipitation was made from solutions from which water was
completely removed, the Na,0,5+2H0, {and NaCOH)} precipitated
in a more stable form, When small amounts of water were
present this may have entered the erystal lattice and de-
creased the stability of the erystals, This does not gppear
to be the case when precipitates form such as Na,0,°8H,0 and
NaCOH-H,0. Swall amounts of these compounds may form when
water is present in the oxidation solution. 8mall amounts
of Ne,0,°2H,0,°4#H,0 also may have formed,

The results showed that Na,05°2H50,5 prepared by utiliz-
ing calcium chloride was very stable and very difficult to
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gonvert to superoxlde and that Nas0o°2Ho0s prepared by
utilizing the phase separation meﬁhod or water extrsction
and not utilizing calcium chloride wos much less stable
and very much more esslly converited to superoxide as shown
by evacuating the samples. It was concluded, therefore,
that there was a definite relation petween the rate of
superoxide formation under vacuum and the decompcsition of
. It was verifisd definitely
that sodium superoxide did form at 6° C. because of the fact
that several samples evoived oxygen when disscolved in ice
water and liberated oxygen when anslyzed for suseroxide,

It was concluded that the mechenism by which at least
part of the Nas0,°2H,0, that decomposed at 6°, and also at
rocm temperature was by the solid-solid oxidation reduction

reaction shown by reaction (16).

However, since the reaction produces water and the samples
were stored in closed containers, decomposition of the

gsuperoxide toock place according toc reaction (17).
2 Na02 + HoO —> Nas0z + Hz0 + Op (17)

The above results showed that when Na202-2H202 was
prepared by removing the sodium methylate by the phase
separation method, ealecium chloride or some other dehydrat-

ing agent should be used to remcve water,
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The gbove methods represent a convenient means of pro-
ducing Nas05*2Hs05, & stable peroxide compound, Starting
with sodium chloride brine, the overall reaction vhereby
Nas0s°2H-0s, would be produced 1s given by reaction (18},

6 NaCl + 3 Op + B CH3OH—>3 Clp + 4 NaOCH; + NapOp-2HzOp (18)

All intermedlate reactions may be carried ouf at normal
pressure and near room temperature, The raw materlals are
sodium chloride, methyl alconoel, and purified air or oxyzen,

Since Na202-2H202 can be produced from the sodium
chloride at high ylelds and low cost by the above-menticned
procesgs, and since the product was of high purity and quite
stable when held at temperatures of the order of &° ¢. with-
out any stabilizer, it 1s well worth wnile to consider iis
potential uses as a source of hydrogen peroxide,.

Pure Nas0p+2Ho0o 1s equivalent to 70% hydrogen peroxide
by welght., Its potentlal use as s source of high grade
alkeline hydrogen péroxide for bleaching purposes was quite
obvious,

Since the Nas05°2H 0, may be used as a bleaching agent

e

for wood pulp, etc,, the zbove process represents a gource
of three percxide equivalents to one alksgli, 1In the present
method used to convert sodium chicride to chlorine and
caustic by means of electrolysis, the chlorine and caustic

are produced in equivalent amounts.
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Any metheds thet have been used to produce hydrogen
peroxide from scdlum percxide could be used to produce hydro-
gen percoxide solutions from Na-0,*2H 0,, However, much less

base need be removed,

D. Potassium Peroxide Diperoxyhydrate.

orepared by the cxidaticn a
benzene and methyl alcohol with gaseous oxygen 1in the
presence of potasslium mebthnylate, After reducvlion &ll of

the sodium nmethylate was removed by procedures previously
described., Potassium methylate was prepared by the re-
action of potassium metal with methyl alcohol and this
solution sdded to the hydrazobenzene solution,

Although this procedure was a convenlent method to
precvare the oxidation soclution containing potassium methyl-
ate, on & large scale the solution would best be prepared
by the use of potsgsium amalgam in the same manner that the
sodium methylate sclutlons were prepared. In the procedure
potassium methylate would need tc be removed, On the other
hand, potassium methylate could be used te reduce one-third
cf the reguired amount of hydrazobenzene sclution, while the
remainder would be prepared by sodlium amalgam reduction
followed by complete removal of the sodlum methylate, This

would eliminate the use of larsge amountas of pobtassium
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chloride for the preparatlon of the required amount of
amglgam and would give sodium methylate as the by-product,

| The KEOE'EHEOE was crystelline and somewhat eassier to
filter than Na,05°2H 0,. This growth of larger crystsls of
K50p+2Hp0, than Nag0s-2Hs0p agreed with the fact that mors
peroxide was left in the oxidaticn solutlion during oxidation
iIn the presence of KOCH3 than NaOCHB. Obviously the larger
113ty of the X

202-23202 gave conditions more favorable

for the growth of larger crystals,

Accurate analyses of KEOQ»EHEOE were net mads becsuss
of the instabllity of the material, However, the peroxide
to base ratioc was accurately determined by dissolving the

. freshly vrepared sample, still wet wlth cold benzene, in
ice water. The values cbtained were generally close to
three, However, several times a wvalue of about 3.5 was
obtained, It was concluded that this product was a nmixture
of K505-2H,0, and xzoe.uﬁeoe,

Since low temperature favored the formation of
NaoCo-2Ho0p, the oxidatlions for the preparstion of
K50p°2H 05 were made at 0° C. In addition, the low temper-
ature was necessary in order to prevent decomposition of
the crystalline Ko0p°2H50,5,

When K, 05°2H,0, was added Yo methancl and 2 sclution of
Uo#Z methanol in benzene at o° C., scrme descomposition resulted

with the evolution of oxygen, Some yellow KOp resulted in
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the benzene solution, Titrations after one hour gave a
peroxide to base ratio of dlssolved materisl of 0,15 in

the 40% alcohol solvent and O.04 in the alcohol. Based

on the peroxide present the solubllity was 0,028 and 0,90
grams of K505°2H50, per 100 cc. of the %0% alcohol solutilon
and the pure slcohol respegtlvely.

“Althoucgh sbout eight tlmes &s much 2lkalil went inte
the alechol as in the 40% alcchol solvent, the relative
amount of decomposition of dissolved materisl was larger
for the 40% alcohol solvent. Nevertheless, the total amount
of peroxide decomposed in the alcchol solution was about
seven times larger than that decomposed in the 40% alcohol
sclvent,

The instability of K202'2H202 wW&E snown also by its
rapid decomposition on allowing the powder to become warm
after filtration énd washing, This deconposition resul ted
in the formatlon of a considerable amount of potassium
superoxide, This reaction was used to prepsre potassium
superoxlide in good yields,

The most stable precipitates of K505°2H50, were made
by oxidizing at 0° . The precivitate was removed by
filtretion, washed with a benzene solvent contalning 10%
methanol at 0° ¢. and then finally washed with cold benzene
to remove the methanol, The presence of methyl alechol
caused the produet to decompose more quickly on drying.

washing with liquid ammonia would be advantageous to remove
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water as well as the alcohol to increase the stablility of

E. rLithium Peroxide Monopéroxyhydrate and Lithium Peroxide,

Lithium chloride, like calcium chloride in that it was
quite soluble in methanol and ethyl alcohol, was added to
the reduced solution of sodium methylate and sodium ethylate
in benzene and the respeciive slcchols %o give a precipitate
of insoluble sodium chloride, In thls manner nydrazobenzene
solutions of 1ithium methylate and lithlum ethylate were
prepared for oxidation.

When the hydrazobenzene was oxidized in benzene and
methyl alcohol containing an equivelent amcunt of lithium
methylate llthilum peroxide formed, However, the peroxide to
base ratlio of this product was generally greater than one,
This showed that some L1202~H202 wag present which gave a
product of rather pcor stability at room temperature,

In conbtreet to the oxidaticn in the presence of an
equivalent amount of sodium methylate or sodium ethylate
wnere NaCOH formed, the results showed that there was a

gtrong tendency for L1202 to precipitate and remain stable
@

under the conditions used, and showed that to prepare
L1202-H202 the lithium methylate must be present in the
standard reduced solution in an amount less than the equiv-

alents of sodium methylate produced in the reduction step.
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It a2also indicated that, since the 11ithlum peroxlde was
fairly stable in the solution of methyl alconol and benzene,
the normal peroxide Li50, could be produced In a stable form
in a ethyl alcohol and benzene saolvent,

To prepare l1lthium peroxide ethyl alcohol was substi-
tuted for methanol in the reduction solution, Upon oxidation

of a solution containing an amount of 1lithium ethylate equive

ot

o the original sodium ethylate, L1-0o with a peroxide

{D

lent
to base ratio of 0,98 formed, Wnen the LI1OEY was present in

i amount egulvalent tc cne=half of the criginsl NaQrt,

L

L1505, again formed with & peroxide to base ratio of 0.96.
In both cases gbout 97% of the LiOEt was removed as tne
L1505,

These lithium peroxide samples were very finely divided
and very 1light in density. No trace of hydrogen peroxide
was left in the oxidetlion solution, This result showed a
very low solubility of L1202 in the solution used., 8ince
the sclublillity was very low, the growth of small crystals
was expected, It was noted that there was a gradation of
increased solublility and increased crystzl size for the
peroxides formed with lithium through scdium to potassium,

The Li,0, products had about a 91% purity. The excess
material was not lost under vacuum. It was concluded that
this materlal was largely impurlities in the l1ithium chlorige,
After sixty-five days the samples lost 2% and 3% available

cxygen when stored at room temperature in closed botiles,
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This instebility may have been due to the lmpurities or
small amounts of alcchol present,

A nmixture of L1,0, and Li505-Ho0, was made by oxidizing
hydrazobenzene in benzene and methanol with one-hsglf of the

L10CHz present. The oxildation was made at 0° C. and the

e
3

0
Y

precipitate was washed with the S0% bsnzene sclvent ai C.
The precipitate had a peroxide to base ratlo of 1,57 which
corresponded empirically to L1202°O.57H202. The product
contalned 93.0% L1,505-0.57TH;0,. The material lost hydrogen
peroxide when stored at two to three mm, pressure in the
presence of barium oxide, After eighteen days the product
contained 91.7% Lis0p-0.16H50, snd after twenty-seven days
90, 6% L1202'O.065H202, These calculations neglected the
presence of any lithium hydroxide that may have formed due
to decomposlition of a small amount of L1202.

These resulis were compared to those obtazined by
deForerand (7) who prepared L1505°H505°3Ho0 from the re-
action of hydrogen peroxide with lithium hydroxide in
aqueous ethyl alcohol, On drying over phosphorus pentoxide
in the cold the precipltate gradually lost water and hydrogen
peroxide, After eight days L1202=G.1SHEO was ovtained,

The fact thet Hs05 distilled from the L1202 compounds
and left undecomposed L1202 showed that the moleculzar struc-

ture of the peroxide compound with a peroxide to base ratio

of 2.0 was L1202°H202 rather than LLAOOH. The materlial which
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was very white when prepared becsme pale brownish-yellow,
This meay have been due to the oxidatlon of some adsorbed
organic materlial or, more loglczlly, to the formation of
the superoxide LiC,, the existence of which has not yet

been proven,

2 5N =

wnen LiOC“3 wasg présent in the oxldation soclution 1

-

an‘amount equivalent to about one-third cof the original
NaOCHB, L1505°Ho05 formed when the solution was oxidized,
However, when the precipitate was washed with a solvent
containing equal volumes of benzene and methanol, the white
materlal decomposed with the formation of a brownish=yellow
product that liberated oxygen when dissolved in 1ce water,
The peroxide to base ratio was 0,905 and assuming the
peroxide present as Lis0p, the material contained only 75%
Li0,. This material gave a superoxide content of 5.8%
LiOE when analyzed by the method of Seyb and Klelnbersg,

The above results indiceted very strongly that the
superoxide L102 does exlst, In the above preparation 1t
was produced by the oxidatlon of peroxlde oxygen by the
hydrogen peroxide,

VYery pure Li,05°H50, was produced when the LiOGH3 was
present 1n an amount equivalent to about 30%Z of the original
NaOCH3 and oxidation was ecarried out at 0° ¢. The produc’d
was washed wilth a 90% benzene solvent at 0° ¢, and small

samples added to ice water for analysls. The peroxide to
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base ratio wes 2,0. After warming before evacuation to
remcve the benzene the material decomposed raplildly tc mainly
l1ithium hydroxide,

The rate of oxidation of hydrazobenzene in the presence
of 1lithium ethylate and lithium methylate appearsd tc be
8lightly slower than the rate in the presence of sodium
methylate, which in turn appeared slightly sloewer than the
rate in the presence of votassium methylate., The difference
in rates, however, was not great; the controlllng factor
appezared tc be the rate a2t which the oxygen reacts with the
hydrazobenzene, which did not depend to a large degree on

[ ] t e

tne alkall metal methyla regent nor on the manner in

kel

which the hydrogen peroxide was vrecipitated,

F. Formatlon of Potassium Sumeroxlde from Poltasgslum Peroxide
Dlperoxyhydrate,

The study of the preparation of NaOp from N3202'2H202
and KO, from Xp0p+2HzCpo followed from the fact that
Nas0o°2Ho0p formed a trace of yellow materlial when heated on
a melting-point apparatus, and in the same manner K505°2H505
decomposed %o glve a yellow product on warming after being
prepared at O0 C. The yellow material dissolved in ice

water with the evolutlion of oxygen,
The reaction that took place was postulated to be the

oxidation of the peroxide oxygen attached to the metal icns

by the hydrogen peroxide as shown by reaction (19).
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K202'2H202 — 2 KOE +~ 2 HQO (19)

From the fact that the superoxide was formed as the result
of the reduoction of the hydrogen peroxlde, the above con-
vergion resulted in the formatlon of superoxide and water,

Therefore, from the outsel it was obvious that 1n order to

12

obtalin reasonable yleids, the water would need to be removed
from the reaction site to prevent its decomposgition =2f the
superoxide, Several procedures were used to carry out this
conversion, Vacuum, a stream of oxygen gas and amnmonlia gas,
and liquid ammonia were used to remove water, Ultra-violet

light was used tc catalyze the conversion in prelininary
work, At the outset there was some questlon that whille a
high vacuum rgpidly removed the water, it slso may have
remeved oxygen from the hydrogen peroxide, or otherwise
removed hydrogen peroxide, or causged the superoxide %o
dissoclate, For this reason the use of a2 gss stiream appear-
ed advantageous,

The results obtailned on the preparetlon of KOs showed

that 1t formed from K202'2H200 very rapidly by merely allows
“
ing the precipitate to warm after it had formed 2%t 0% ¢. in

ing X ip
the annydrous benzene and methanol solvent, When the samples
were placed in a desiccator and evacuated to about three mm,
a large amount of water was removed and the superoxide con=-
tent was increased to about 69% KOs. A sample containing

69% X0, was obtained when a sample of about ten grams was
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irradiated with a sunlamp while ammonle gas was drawn through
the~sémple. When oxygen was used & product contalning 53%
K02 was obtained,

It waes concluded that better results with ammonis gas

compared tc oxygen was because of the high dehydrating action
of the ammonia gas, '
The conversion with ultra-violet light in liquid
ammoriia at,—}jo C. appeared to be quite good, However,
after ﬁiltration the materlial decomposed, This dscomposition
.may have been avoided 1if the tightly packed sample were
spread cut, Decompositlion also resulted when the conversion
was made with Nas05°*2H50o.

The effect of ultra-violet light on the preparation of
KOs was difficult tc interpret., The results obptalned without
the use of the light appeared sbout the same, However, the
decompositiqn began,sooner and the decompositicn time was
slightly less wheﬁ ultfa-viplet 1ight was used; This may
have beén due largely to a heafing»effect°

When K202 2Ho0o was added to a U40% methyl alcohol solu-
tion 'in benzene, decomposition with the formation of some
yellow KO, regul ted, vAlcohgls tended to decompose the
diperoxyhydrates while, on the other hand, they tended to
increase theAease of superoxide formation,

The above results showed that K20n°2H202 was readily
converted to KOp &t temperatures close to room temperature

and consldersbly below'room temperature, At -33° C,, how-
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ever, the rate of superoxide was not great, Since the con-
version was rapid at room temperature, since liquid ammonila
is a very stirong dehydrating agent, and since superoxides
are stable 1in liquld ammonlsa, the conversion of K505 2HA05
to Kde in 1iquid ammonia under pressure at temperatures
close to room temperature is predicsted to be an excellent
means of obtaining & higher grade KQ0p product than obtalined
thus far,

Conversion of Kp05°2H50, to KOp under high vacuum
should also result in the formation of higher yields, It
should be noted that a pressure of aboul three mm, mercury
was used,

The accuracy of the analyses made for the KOp samples
and also.the NaO, samples depended largely on two factors.
It was estimated that the superoxide ccntent was accurate
to about 5%. Analyses depending on magnetic susceptibility
are accurate to only about 10%.

The accurzcy of the total peroxide content depended on

reaction (20),.
2 XKOp + HpoO— K50p°aq + Op (20)

It was previously polnted out that some peroxide decomposi-
tion resulted due to local heating effects. For this reason
the peroxide content cbtained in the above manner was some-

what low, the extent of whilch was not estimated,
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To show more clearly the compositlon of the KOE pro-
ducte obtained from evacuatlon of K»05°2H505, 1t was assumed
that no potasslium cerbonate or other impurities were present,
and the percent by welght of ths KO, gamples was caloculated

from the data given in Table VI on the basls that the

1

o

OH, E202=

”~

}

Il

Dt
G
' }
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samples were ctompocsaed ¢

t

2 HoUp

These results are given in Table IX,
Table IX
Approximate Composition of K02 Samples

Basis: One gram

Bun Bage Peroxide KO, K505+ 2H50, XOH Hs0
No. meq. meg, 8=, 2=, gz, 23,
8274 12,9 8.4 c,.612 0 0,238 0,150
s278 12,8 13.0 0,696 ©.095 0.108 0,101
829 12,8 11.3 0.615 0.076 0.182 0,127
830  13.6 8.1 0.622 0 0.265 0.115

on an averaege the results from Table VI indicated that
the KO, products contain roughly 2.5 moles of K02 to one
mole of XKOH and itwo moles of water, The water content
appeared quite high, "This may have been due largely to low
peroxide velues obtaeined or to the presence of carbonate,

The fact that, on an average, essentially nc peroxide
was present other than that in the superoxide, again showed

the high thermodynamic instabliliity of K202°2H202°
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Undoubtedly, the water was present as water of crystal-
lization on the XOH. The above KOE samples could possibly
be concentrated by utilizing difference 1n propertles of
the KO2 and KOH, for example densities,

After the completion of this work a paper was publisghed
on the decomposition of Kp0p°2H 0, at 0% C. under high
vacuum (18). The authors reported a 91% conversion under
high vacuum, The superoxlde content was determined by
magnetic susceptlibllilty measurements and was reported accu-
rate to within 10%. These results were bhetter thaen the
results reported in this work; however, a2 lower vacuum was
used and possibly smallsr samples were used such that the

removal of the water was more easlly accomplished,

G. Formation of Sodium Supercxide from Scdium Peroxilde
DIperoxyhydrate,

1. Effect of ultra-violet light and heat on the con-

version of §§292'§§292 EE.§§92' - Sodium superoxide formed
much less readily from Na202'2H202 than K02 formed from
Kp0p5°2HpCp. This is in agreement with the faset that potas-
gium metal is readiiy converted to the superokide while
very high pressure and moderately high temperatures are
regquired %o oxidize gsodium peroxide to the superoxide
using pure oxygen,

wWhen K202-2H202 warned after belng prepared at 0° C.

it rapidly converted to KOy, while rgther pure samples of
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NaoCo*2Hp0p and NaosO0o*Hp0p (NaOOH) were stable when stored
at 25° ¢. from two to eighteen hours under vacuum t0 remove
solvent, When Na202-2H202 was heated under vacuum some
NaOo, formed., Thls showed that the increassd temperature
produced sufficient activation for the oxidation reastion
to proceed at & reasonaple rats,

S8ince Na202~2H202 was quite stable, the study of 1ts
conversion to NaQ, was made first by means of ultra-violed
l1ight and vacuum or a stream of oxygen gas %o remove the
water formed,

The resulits obteined showed that a conslderable amount
of supercxide formed in relatively short perlods of time
ranging from one to hour hours, However, in many czases a
considerable amount of decomposition resulted with the
formaetion of sodlum hydroxide or sodium monoxide, The
effect of the ultra-violet light was difficult to interpret
because considerable heating resulted, Gradual heating of
NaEOE'ZHEOE samples under vacuum produce a gradual color
change from white to yellow, Further heating caused reapid

decomposition such that the superoxide content reached only

vhen samples were irradiated with a sunlamp; the sur-
face rapldly turned yellew, It was concluded that this was
due to the catalytic action of the ultra-viclet light as
well as the heating effect, The superoxide content of

several preparations reached from 30% to %07 Nao,. A
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varied amount of decomposition to sodlum hydroxide resulted
as shown by the peroxlde to base ratlo recorded in Table VII,
This varied amount of decomposition for the different sam-
ples, undoubtedly, depended on the temperature of the sample
and seversl other factors including the efficlency at which
the water was remo
It should be noted that this inltial work on the prepa-
ration of NaO, was done in rather crude apparatus, Refine-
ment in the apparatus and procsdurs used would undoubtedly
increase the yleld of NaOp from methods utillizing ultra-

viclet light, n later work it was shown that considerable

-4

decomposition resulted at 100 C. The temperature of the
Nao0o+2HoOp generally went above 46° ¢. during the prepara-
ticns ubtilizing ultra=viclet light and, therefcre, the
heating may have been responsgible for a lerge fraction of
the decomposition,

Al though the emount of NaG, that formed in a given
length of time was less when samples were placed in a quartz
flask which was then evacuated and placed in front of the
lamp at a sufficient distance to prevent excess heating,
the amount of decomposltlion of the remaining NapsOpo-2H0p
was also less, The amount of decomposition was alsoc low
in several cases where oxygen gas was passed through the
gample during irradiation,

It would be a reasonable conclusion, therefore, that

ultra-violet 1licht did convert the Na50p+2H00 to NalO, and
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water without much decomposition of the diperoxyhydrate as
such; while heat alone caused conslderable decompesition
without superoxide formation as well as superoxlide formatlion
due ?6 the supply of the required amcocunt of thermal energy,
The latter conclusion was reasonably verified by the fact
that rapid heating of Nas0,:ZH,0, resulted in the formation
of sodium hydroxide without the formation of any trace of
yellow superoxide, In elther case the water formed in the
presence of the superoxide and as a consequence of reaction
(20) may have gone %o decompose the superoxide if the water

were not readily removed,

‘Likewise, the water formed in the presence of superoxide as
a result of the thermal decomposition of the NagOp*2H,0
without superoxide formation as shown by reaction {(21) may
have gone to deccmpose any superoxide that nay nave formed

by reaction (20).

M A A ST A ANt A s T~ A L =
e of Slm o 1;»4-9- “r nmansmdd aen Asva _taT7 O - tka el oL T e SN e ot T ——
4l W€ 1&we8T ITe88Cuvalli Oiic=iagsi Oi (A€ WaweT may rnave goiic
T 41 atter reaction one<=hal? of the water mavy have one
Al W€ 1&ve8T ITe8Cualli Ofic=iagsi Ox A€ Waver may nave goilie

to convert the sodium monoxlde to sodlium hydroxide. The
detrimental effect of heating was, therefore, to decompose
any superoxide that survives the water that must form along

with the superoxide as shown by reaetion (20},
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Doptoglon {(9) showed that light obtained from a R-S
sunlamp produced BaCy from BaOp*2H,0p while cother light
sources including the mercury-arc lamp falled to gilve BaQy.
The results obtalned in thls work are in agreement wi
this conclusion in that rather poor results were obtained

[ e s

- Y = R - - — . Y. e R )
with the mercury-arc¢ lamp, However, in tnis cas T

Ui

¥ ]
T -
e

Qi
L]

clent data was not available to draw a definlte conelusion,

2, Bemoval of the water formed with the sodium super-

oxide by means of vacuum, - It was dlscovered that NaO, did
fornm slowly from Neas0,°2H 0, without the applicatlon of hest
or the uge of ultra-violet light. In fact, 1t was concluded
that the decomposition of the Nagog-zﬂgoz samples stored at
&° ¢, wag due, at least in pert, to the superoxide formation
and subsequent decowmpositlon due to the water formed which
obviously could not escape since the samples were stored in
closged bottlies,

In determining the peroxide content of the samples
stored at 6° C., it was noted in many cases that some oxygen
was evolved on dissolving the samples in ice water, These
samnples were glways pale yellow in color, OXygen was never
evolved when freshly prepared samples were dissolved in ice
water, |

The above results were used %o study the preparation
of NaO, from the decomposition of Nas05°2HA05 under vacuum,

Bérium oxide was used in the desiccators to lower the vapor
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pressure of water, In this study 1t wes discovered that of
the polyperoxyhydrates of socdlum peroxide, those samples
with an 1initlal peroxide to base ratio considerably below
three were more‘readily converted to NaO, than the relative~
ly pure samples, Likewise, the relatively pure samples

gave better stability tests at 6% C.

For this reason the thecretical amount of superoxide
possible from Na,05°HsCo (N&OOH) and Na,0,°2H,0, was calcu-
lated et varlous conversions,

If Na,0,-2H50, reacted with complete conversion to
NaO> according to reaction (22) and if there were complete
loss of water, the final product would have been 10CF
If Na262°H202 decomposed according to reaction (23), the
final product would have been 58.5% NaO, and would have a
peroxide to base ratic (2Z) of 1,0, oOn the other hand, 1if
Na50,°Hs0, decomposed according to reaction (24%), the final

product would have been 78% NaO, with a value for Z of C.667.
Nas0p,*2Ho0p —3= 2 Nal, + 2 Ho0 {22)
Nay0,°Hs0, —#= NalO, + 0.5Nas0, + Hj0 {(23)
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The theoreticel reactlon curves were calculated assum-
ing complete leoss of water according to the mschanisnms
shown by the above equation, The calculations are tabulated
in Table X and the results are plotted in Pigure 15.
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Table X

Calculation of Ratlio of Peroxlide to Base vs,. NaOE

] Starting Material peft Material Form
S‘barting Fraction jole Eq Nao NaC
Material Reacted grame Base Peroxide grams eEq. grams- 2Eq.
.- —~ - -l - = Fa n m
N&E’E'inz'g L8 L9 < o (% 1 s &
146 grams 0.25 109 .k 1.5 4.5 27.5 0.5 0 0
Mech. (1)
0.5 73 1 3 5 1 Q 0
0.75 36,4 0.5 1.5 2.5 1.5 0 o}
1 0 0 0 110 2 0 0
Nazoa-ﬁgoz G ii2 e 4 0 C Q C
112 grams 3.25 sk 1.5 3 13,75 ©.25 S.75 0.2
Mch, (2)
0.5 56,0 1.0 2 27.5 0.5 19.5 0.5
0.75 28,0 0.5 1 51.25 0.75 29.25 0.7
1 0 9 0 55 1 39 1
3Na,0,°H0, O 336 & 12 Q0 0 0 0
326 grams 0.25 252 4.5 g 55 1 o) o
Meh, (3)
0.5 168 3 6 110 2 0 0
0.75 &l 1.5 3 165 3 o 0
1 o} 0 0 2290 38 0 0

* Calculations are theoretical and based on tne assumed mechanlisms;
(1) N&gOg'aﬁgoe = 2Na02 + EHEO (2) NaZOQ’HZOE = NaQ
(3) 3Naj0,'H 0, = YNeo, + Has0 + 3H0
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Table X

on of Ratio of Peroxide to Base vs,. Na02 Ccntent*

Material peft Materlal Formed Pergxida g
Eq. __Eq. Na0y _ Naj0p Nas0_ to Base  NaO,
ase Peroxlde grams Eq. grams Eq. grams Egq. Ratio =
2 g 0 Q o Q o 0 3 0
1.5 b5 27.5 0.5 0 0 0 C 2.5 20,05
1 3 55 1 0 0 0 G 2,0 39.8
0.5 1.5 g2.5 1.5 0 0 0 v 1.5 64,0
0 0 110 2 0 o 0 0 1.0 100.,0
2 4 o) ¢ Q 0 0 0 2.0 0
1.5 3 12,95 0,258 9.7 0,258 ¢ e 1,75 1205.
1.0 2 27.5 0.5 19.5 0.5 0 0 1,50 26,7
5.5 1 31,25 0.75 29.25 0©0.75 O g 1.25 4.8
. o 55 1 5 1 0 0 1.0 58.5
6 12 ¢ o) O C 0 C C C
L5 g 55 1 0 C 15.5 0.5 1.67 17.1
3 6 110 2 0 0 31,6 1 1.33  25.6
1.5 3 165 3 0 0 k6.5 1.5 1.0 55.9
D 0 220 i3 o} 0 62 2 0.67 78

i

and based on the sssumed mechanisms:
+ 2H20 (2) }Q&zOE'Hgog = N&CE -+ 0651\’&202 -+ Heo
+ Nago + 3H20

LAY SR AN
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DECOMPOSITION OF SODIUM PEROXIDE
PEROXYHYDRATES TO SODIUM SUPEROXIDE
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To show the relative amount of sodium hydroxide formed

for the preparatlions reocorded in Table VII, the exact points
reached on the plot of superoxide content against peroxide
to base ratioc were plotted for Runs SO, si1, s12, s13, S1%,
and S17 utilizing ultra-violet light, The positions obtalned
810, 812, and S13
the points lile very close to the theoretical curve for the
conversion of Na202°25202 to NaO, showed that all of the
N3202~2H202 wad converied to Naog and water without any deconm-
position, However, these results shculd not be relied upon
toc heavily bscauss ths supercxide analysss were made at
room temperature and, therefore, the value may be high due
to decomposition of peroxide,

From Table VIII the percoxide tc base ratic, Z, and ths
% NaO,, obtained for the varlous preparations of NaO, by
utilizing slow spontanecus decompositlon and vacuum to remove
the water, were plotted in Figure 15, The superoxide con-
tent at various time intervals was plotted in Figuré 186,
T™he data first obtalned indicated that NaQ, was produced at
25° ¢. without mich decomposition for Rune 815 and Si6,
This was concluded from the fact that the aetual curves ran
quite parallel to the theoretical curves also shown in
Fizure 16, except at the beginning of the reactlon where con-
giderable decomposition was evident. Runs 15 and 816 also
showed that the rate of superoxide formation was greater for

the peroxyhydrate with the lowsy percxide to base ratio,
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RATE OF DECOMPOSITION OF SODIUM
PEROXIDE PEROXYHYDRATES TO SODIUM
SUPEROXIDE AT 25°C AND 3 MM PRESSURE
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Acgzln 1t should be noted that the values obtained for

the peroxlde to base ratio depended on reaotion (25).
2 Nalp + Ho0 —» 2 Nay0s°aq + Op (25)

It was shown that considersble decomposition of the peroxide
resulted if the superoxide samples were not added slowly
with stlrring to the ice water,

The NaQ, content was determined by the method developed
by Seyo and Kleinberg as previously described, For the
first analyses made the reaction flask was not ilmmersed in a
ccld water bath, For this reason wien the acetic acid solu-

tion wog not added very slcwly with geoed stirring, a con-

8]

siderable amount of peroxide oxygen was liberated due to
heating when the superoxlde content was high, For this
reason analyses showlng Nal, contents of about 80% were dis-
carded for runs S15 and S16, The final analyses were made
with the reaction flask cooled to about 12° C.

Several samples were evacuated in order to repeat the
good results obtained for runs §15 and S16. fThe data first
obtained, however, were not as good and the deep yellow
color of high purity NaQ, wes nct preduced, The resulis
obtained for several preparations are plotted in Figure 15
end Fisure 16, Runs S19 through 826 produced Na02 much more
slowly &end wlth considerably more decomposition that 815 and

S16,
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The results obtained for Runs S22 and S23 showed that
the effect of the suniicht that passed through the desiccétor
was negligible, Two 1dentical samples were stored in the
same desiccator, one in an uncovered bottle while the second
was 1n a bottle covered with dark paper, Identical results
were obtained after 33 days under vacuum and very comparable
results after 65 days., See Table VIII,

In Runs S19 and S20 two identical samples were stored
under vacuum at 25° ¢, and %0° €. In the beginning super-
oxide formed more rapldly at B0% C., but the resulting
product was mainly NaCH. The effect of too much heat in
decomposing the Nas05+2H0, %o give water which gives decom-
pvoslition of the superq;ide formed was shown as previocusly
discussed,

Because the superoxide formation was considersbly
slower and much more decompositlon resulted for the Runs 819
through S26 compared to S15 and S16 under identical condi-
tlons it was concluded that the rate and degree c¢f supercxide
formatlon was due to the method of preparation of the vari-
ous peroxyhydrates of sodium peroxide, The esaentisl differ-
ence 1n the manner in which the samples used for Runs S15
and S16 was that no ealcium chloride was used tg remove
methylate or water in preparing the solutions for oxidation,

It was concluded that these results were related to the
results previously discussed on the stabllity of Na-0n+2H05,

In one preparation (Run No, 55) the solution was prepared for
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oxldation by the phase separation method as previously dis-
cugsed, Then calclum chloride was added to remove any water
and the solution allowed to stand over night before flltra-
tion and oxidatlon. The sample (Z = 2,98) géve very good
stabllity data et 6° ¢. and a very slow rate of superoxide

lidy

nrmation £t the beginning of the reactlion time as shown

1G

- e

by Run

143]

The sample used for Run S15 was prepared by oxidlzing
the hydrazobenzene in the alcohol solution richh in sodium
methylate, Thls was the one phase that separated after
reduction., After oxidation the solution was filtered and
the rrecipitate wasned with a benzens-methanol sclution,
During the washing the precipitate appeared to undergo s

-

c¢hange with a small amount of decompoaitiocn shown by bub-

&
biing, Since the peroxide to base ratioc of the final product

_a

was 2,25, thls showed that Na,05°2Ho05 or NaOOH0.5Ho05
formed from the NaCOH and methanol ascording to reactlon

(26).
3 NaGOH + GHBQH-—>- 2 NeOOH°0,.5H50, + CH30Na (26)

This same phencmencn was observed also when the rate of
formation of NaOOH was detvermined, 1In additicn, D!'Ans and
Friederich (&) reported that NaOOH°O°5H202 was prepared by
reacting NaOOH with cold ethyl alechol,

The semple used for Run S16 was prepared from the same

reduced solution the sample used for Run S15 was made from,
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The solution used for oxidatlion was composed of the phase
poor in methylate plus a fraectlion of the phase rich in
methylate as previously described,

The rete of superoxide formation for Runs S15 and 8§16
compared to Run S19 was extremely fast, esgpeclally in the
early stages of conversion, In addition, the stability data
previously obtained showed that the sample used for Run 816
gave asbout 14 times more decomposition in 21 weeks than the
sample used for Run S19 gave in 13 weeks when stored at 6° c.

| The relationship between superoxide formation under

vacuum and decomposition at 6° €. was definltely shown,

peroxyhydrate was made from a sclution prepered for oxldation
by the water-extraction method in which no calcium chloride
was used to carefully dry the benzene layer or to remove any
of the sodium methylate or water before oxidation. After
oxidation, filtration and washing with a 90% benzene solu-
tlon and then with benzene, a precipltate was obtalned with &
Z value of 2,90 and a purity of 97.2% of the empirical com-
pound Na202°1.9H202. This precipitate was used for Run 832,
The Naplp:2dHpUp sampis used
oxléiéing a sclution at room temperature with nc methylate
removed. The Z value for this precipitate was 2.75.
Generally NaOCH formed in thls case but 1t was found that
1t d4id not remain stable in all cases, undoubtedly because
of reaction (26). An attempt was made to prepare NaOCH
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by oxidizing the standard solution after calcium chloride
was used to remove a smsll amount of methylate; however, the
precipiltate contalned a peroxide to base ratlo of 2,70 and
wae used for Run S26. The methods used to prepare the wari-

ous samples used for the preparation of Na02 were recorded

wTrT
¥ LA

4

iz e

PN . e N, |
180Dy .

The results obtsined from Runs S31 and 832 showed that
NaOp formed very much more rapidly from the peroxyhydrates
prepared from solutlions in which calcium chloride was not
used to remove the sodlium methylate and any water present,
The resgults agreed with the original data obtalned from Runs
S15 and S16. The semples used for Runs S31 and S26 had
nearly identical Z values and were both prepared from sclu-
tions containing essentially all cf the sodium‘methylatea
However, a much slower rate of NaO, formation was shown for
Run 826 than Run S31, but & small amount of calcium chloride
was used for the preparation of the sample used for Run S26,
The reason that Run 826 did give a better rate of supercxide
formation than other preparations utillzing calclum chlorids
may have been due to the formation of Na o 05°H50, from the
NaOOH as shown by reaction {(26). This reaction, however,
wasgs generally accompanied by & smell amount of decomposition
and, therefore, water formed and may have given rise to the
formation of 2 less stable.erystal lattice.

From Filgure 15 1t can be observed that, although Runs
831 and 832 gave a rapid superoxide formation with original

s
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Z values of 2,75 and 2,90, consldersble decompositlion =2gain
took place at the beglnning of the resetion and not until
the Z value fell teo a peint close to the theoretical curves
for the decomposition of NaCCOH, did the superoxide content

rise rapidly with decreasing Z velue, In additicn, the

g

initizl rete was higher for Run 831 w

~
v & i

»”

value of 2,75 compared tc 2.9C for Run 832,

These results show that not all of the peroxide oxyge
in Nas05°2Ho0o {NaCOH-C,5HoU,) went to form supercxide and
and weter according to the originsl theory., Slnce the curves
in Figure 15 began t¢ rise repridly near the thecorctical
curves predicted for the decomrosition of NaOOH, it appeared
as taougn supsroxide was forming only from the NaOCOH., This
indiecated thet the molsoular atructure of the peroxynydrate
with a Z value of 3,0 was NaOOH’O.SHQO2 as reported by DtaAns
and Priederich,

The above results indlcated very strongly that the
decomposition of Na202-2H202 or NaOOH-O.5H202 wag accompanied
or preceded by the loss of hydrogen peroxide abocut as shown

by reaction (27).

2 Na0OH*0.5Ho0p —»= 2 NaOCH + HoQ + 0.5 05 (27)

The resulting NaOCH then decomposed to form Na02 as previous-

ly diazocussed,

Hewever, results were obtained, utllizing ultra-violet

iight to ecarry out the conversion, that showed that essen-
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tilally 211 of the NaEOE'EHEOE wag converted to Naoe and
water, These converslons were made over a short period of
time and, therefore, removel of hydrogen peroxide according
to reacticn (27) msy have been negligible, The uge of ultra-

violet light may have supplied sufficlent energy to convert

81l of the Nap0,°2H 0, to the supereoxlde according to the
original theory. Thils may indicate a different mechanism

when ultra-violet lizght is used, The time required to con-
vert_some of the K3202°2H202 samples %tc about 20% NaQo wag
of the order of hours whlle 1n some cases days or months
were requlred when the samples were evacuated,

The above results were of interest in relation to super-
oxide formation from othser peroxyhydrates. For example,

2z23ily lost the hydrogen peroxide and was diffi-

(e

cult to convert to Liog. Ba0s° 205 easlly lost hydrogen
peroxide and glso was difficult to convert to Baly (9,39).
Since ¥aOOH- O,‘:HBO2 or hagoﬁ 2H202 lost only a portion of
the nhydrogen percxide and was easlily converted to NaOp, it
may be possible that the hydroperoxide structure is much
more readily coﬁverted to superoxide,

Since the rate of superoxide formation was slow until
a considersble amcunt of hydrogen peroxide was lost, it
zppeared that reaction (27) may have been rate controlling
at the beginning of the reaction for the ﬂazog 2H209 samples
prepared from solutions in whleh calelum chlorlde was not

used, Wnen calcium chloride wag used the rate was very slow
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over a much longer time, and then increased somewhat during
2 pericd from thirty to sixty days. Cconsiderably more decom-
position resulted in the latter case, The rate of decrease
of the peroxlide to base ratio when calcium chloride was used

was nearly constant as shown by Filsure 17. The rate of

e

decrease in the Z value was nearly constant butl very rapil
at the beginning of the decompositlon when no csalecium
chloride was used,

From the above results it sppeared that & much more
stable crystal lattice formed when calcium chloride was ueed

to remove methylate and any possible water, Peroxlde loss

e 1t
was much glowsr

zs ghown by gstzbillty data and dsorease in
Z value on evacuation., It wes concluded that small amounts
of water in the crystal lattice tended to make the stebility
much lower. Thls may have been due to strains set up in the
crystals due to difference in size of the water molecules
and the hydrogen peroxide molecules, as well as dlfference
in molecular forces, Complete removal of water by means of
the caicium chloride prevented the water from entering the

crystal lattice, Thils gave better stablility,

On the other hand, sz:ell amcunts of calclium salts may
have precipitated with the peroxyhydrates and served to in-
crease the stabiliity. The sslts also may have acted as
negative catalysts for the oxlildstion-reduction reaction

responsible for the superoxide formation.
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FIGURE I7

RATE OF DECREASE OF PEROXIDE TO BASE
RATIO FOR THE DEGCOMPOSITION OF SODIUM
PEROXIDE PEROXYHYDRATES TO SOUIUM

SUPEROXIDE AT 25° AND 3 MM PRESSURE
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Conslderably more data were necessary to elucildate more
clearly the complex mechanlsm whereby the peroxyhydrates
were converted to sureroxides as a result of spontaneocus
oxidation-reduction within the orystals, More data were
2180 necessary to ascertain the effsots of calclium chloride,

ny rate, the above resulis siiowed that two methods

3~
U

3]

ool

of preparing Na202°2H202 were of extreme lmportance, The
one methcd vrepared crystals that were quite stable, This
stable product coculd be stored, preferably at a low tempera-
ture such as 0° ¢., and shipred for use as a bleaching agent
or other sources of oxXyzen, The second uethod prepared
grystals that were easlly converted %o surercoxide, This
method would te used to prepare N3202'2H202 to be used for
the preparation of pel,. The advantage of HalOp over

Na Oo°25202 as a source cof oxygen is, obviously, its excel-
[

lent stability at ordinary temperatures in the absence cof
water or carbon dloxide, An additicnal advantage lg theat
Nel, contsains L3,6% avallable oxygen whlle Nap0pe2HoOp con-
tains 32,9%. Therefore, 75.6 parts by weight of NaOo corre-
spond to 100 parts of Nep0s-2HoOn.

A wa

A tional Tactor thaet appeared to be very important

o

o
Cu
’..h

in the preparation of HalOp by the above procedure was shown
by a decrease in the superoxide content for Runs S15 znd S16.

Tnils fzctor increased the complexity involved in the mecha-
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nism where

while superoxide continued to form decomposition must have
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started., This decompositlon tended to decrease the rate and
also the ylelds. gSeverel factors may have tended to cause
this decomposition,

First of all, a small amount of decomposition was
caused by contacting the samples with small amounts of water
vapor and carbon dioxide when the samples were removed for
analyses. Rlzorous precautions were not exercised in remov-

the degiccator was filled wlith dry

ing semples h 4dry

ing
oxygen and the samples were remcved to a dry box before
removing small samples for analysis,

The second factor that may have caused decomposition
may have been due to dissociation of the superoxide accord-

ing to reaction (28),
2 Nal0p — Nas05 + Op {28}

The resulting product would have been sodlum peroxide and
the peroxlde to base ratio would have remalned constant.
Decomposition et constant Z values was shown to be the case
for Runs S15 and S16 at the end of the reaction,

From the fact that sodlum superoxide formes from sodium
peroxide and oxygen at very high pressure (50 atmospheres)
at temperatures of the order of 300° G,, it appeared that
the dlssoclation pressurs at 250 C. would have been very low
and, therefore, the rate of decomposition should have been

very slow, At this time sufficient data were not available

to show more cleariy the cause of decomposition, At any
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rate the decompositlon of the NaO, sppeared to be very impor-
tant in preparing NaO, by the above procedure. Thls decom~
position, undoubtedly, was more effective\wﬁere the rate

of formstion of the supercxide was slow,

From the dzta and results tabulated in Peble VIII the
composition of almost all of the NalOp samples was calculiated
agsuming the presence of only Nalp, Nazoz’EHeae’ NaOH, and
water, Thege calculations are tabulated in Table XI.

The above results showed that the NaO, samples con-
sisted mainly of Nao, and NaOH wlth not mich water. The
assumpbtlon that the excess base was NaCH was, undoubtedly,
incorrect in itnat the material balance showed negative water
in several csses, Thnis snhowed that watler was remcved qulte
readily and that someof the base was left as sodium monoxide,
Thie corresponds to the mechanism predicted for the decom-
position of NaOOH, It was expected that if Naps0 formed
along with the Na0Os and water, the water would react vrefler-
ably wilth the superoxide,

The zbove resulis showed that sodlium suneroxide formed

under very mcderate conditions from the percxyhydrates of

preparation of NaOz involve very high pressure and moderately
high temperature oxidation with oxygen cr oxidatlion in liguid
ammonia of scdium metal as previously discussed., The advan-
tagzes of NaO; over KOz include: (1) NaOp reacts less rapidly

with water and carbon dioxide, (2) A 73,5% NaO, product is
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Table XI

Approximete Compogition cof Na02 Samples

One gram
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equivalent to a 100% X0, product 1in avallable oxygen, and
(3) Sodium superoxide will serve as a socurce of oxygen in
the same manner that KOp serves whlle 1t does not require
the valuasble pcoctassium,

The overall rezcticn for the prevaration of Naog Trow
NaCl is given by reaction (29). All intermedlste reactions

were carried out at room temperature.

+

2 HaCl + 3 0, + % CHg0H —> 3 Cl, + % NeOCH; + (29)
29
2 NaO, + 2 Hp0

The inexpenslive materlals, sodium chleride, c¢xygen or puri-
fied alr, and methyl alconol were converted tc wvalueble

chlorine, sodium methylate, and supercxide,
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IV. SUMMARY

Recently, emphasis has been placed on the oxidation with
puriried gir or gasecus oxygen of certain easily oxidizable
organlc materiale such as anthraquinone and hydrazobenzene
as & means of producing peroxide oxygen., Onz such cyclic
process was described whereby: (a) scdium amslgaem and methyl
or ethyl alcohol were used to reduce azobenzene dissolved in
the alcohol andé benzene to give hydrazobenzene znd the

sodlum aleoholate and (b) oxidation of the hydrazobenzene to

]

split off hydrogen peroxide which was precipvitated as scdium
hydroperoxide (NaOCH), sodium peroxide octshydrate, sodium
hydroperoxlde monohydrate (NaOCH'Hp0) or as anhydrous sodium
peroxlde, Sodium percxide formed only when the alcchol con-
centration was highly reduced in which case the redusction
ster was gulte slow. These compounds were all relatively
ungtable when prepared under the conditlons used, .
(1) A mercury electrolytic cell, mercury circulating

syastem and an electrical power source consisting of a trans-
former and a selenium bridge rectifier, has been constructed
for tha preparation of sgodium amalgam of uniform strength
in a continuousg manner, The technigue of the operafion of
this unlt has been perfected. The amalgam was used to carry
out the sbove well-known reducticn,

- (2) vhen cslcium chloride was added to the reduced solu-~

$ion 1t was found that inscluble, gelatinous calcium methyl-
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ate and sodlium chloride formed, %hen the hydrazcbsnzene was
oxidiced with oxygen in the presence of the caleclum methylats,
the oxidation was inconplete and hydrogen peroxide decompo-
siticon resulted on the surfeoe of the calcium methylate.

Sasila

(3)‘Sodium peroxide diperoxyhydrate (Na909°2H20 } was

valie DEoocBse with o viela of oavew OG B A ERTY
volic process with a ¥isld o1 over S02% bassed

(
:

i & Iiew

o
=
(&

made
on the anount of reductlon, The product made was about 9&;
pure Nas05'2H50,, & comgound which 1s eguivalent to 703
hydrogen peroxide end 1s an excellent potential source of
peroxide cxygen,

(¥} The pure sodlum vercxids diperorxyhydrate was crys-—
talline and very easy to filter and wash, The dry product
was easgy to handle and could be poured on the dry skin with-
oul causing undue burning,

(5) since in a eyclic process producing Na,05°2H50,
ocnly cne-third of the sodium methylate was removed, new
methods were developed to remove the excess methylate from
the reduced solution, The cone method involved the preocipl-
tation of calecium methylate which gave the advantage of
producing highly anhydrous gystems because of the removal of
the water as calcium hydroxlide. A second method recovered
the valuable sodlum methylate as a pure product containing
at least 98,8% NaOCHzo

(6) A new cyclic process has been developed for the
preparation of potassium perocxide dliperoxyhydrate

(Kgo °__Heog) in good yields, The product was considerably

2
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less stable than Nas05°2H0,. Its stabllity was lncreased
conslderably when stored at temperatures below 0° c.

(7) Lithium chloride was converted to lithium peroxide
monoperoxyhydrate (Ligoz'Hgoz} in a new ¢yclic procesgs in
good yilelds,

“-‘

3

'-b
ot
)2
ot
1o
&
é‘

the lithium chloride was converted to anhydrous lithium
peroxide (Li,0,) in ylelds considerably above 90% based on
the amount of reduction, However, the procduct sontained
about 92% LiCs.

{9) The above processes represent the only economically
feagible method available for the preparation of the above-
mentioned anhydrous percxide compounds,

{10} By an entirely new reaction a sodium suvercxide
product containing about 70% Na0, was prepared from
N3202°2H2020 Reactlion mechanisms have been postulated and
the experimental results compared favorably with the theory,

(11) when Na,0,°2H,0, was prepared by utilizing caleclum
chloride to remove scdium methylate and wster, 1t was found
that 1ts conversion to NaO, was less efficlent, being of the
order of 15 times slower than the conversion when the
Nas0,°2Ho0o was prepared by other methods not utilizing cal-
cium chloride to remove water and sodium methylate,

(12) Correspondingly, it was shown that the decomposi-
tion of the Nas05°2H0, when stored in closed containere at

69 C. was about 15 times greater when calclum chloride was
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not used prior to the oxidatlion to remcve water,

(13) when Nas05+2H50, and NaOCH, prepared in the above
manner, were stored at 6° ¢, 2% %o 3% decomposition resulted
in four Weeks. Pure sodium peroxide diveroxyhydrate pre-

pared from an extremely anhydrous medium lost less than 3%

ll
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Ly WeTRE 4y © . e

= R

=0

'1!
4]
w

—— 2y W - e
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preparation lost less than 10% available oxygen when stored
at room temperature for a perlod of two weeks compared to
80% decouposition for sa&pies less carefully prepared,

(14) sodium superoxide formed more rapidly from sodium
reroxide diperoxyhydrate then ultra-viclet light and heat
were applied, However, too much heat casused undeslirable
decomposition,

{15) Bvidence was presanted that indicates that 1ithium
peroxide monoperoxyhydrate exists as Ligoz-}{zo2 while sodium
peroxide dlpercxyhydrste exiasts ss H202°2N800H.

(16) A small amount of lithium superoxide {L10,) was
prevared from the Li50,°H-0,. The existance of LiC, had
previcusly not been nroven,

{(17) Potassium peroxide diperoxyhydrate was very
readily converted %o s potassium superoxide produet gcontain
ing about 70% XOo.

(18) It was predicted that the yield of both NaO, and
KO, could have been increased in the newly developed methods

used by improvement in operating techniques,
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(19) It was found in working with alcoholates that
ethylenediamine dihydrochloride stabllized the various alco-

holatea from oxidstion to resinous materisls,
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VI. APPENDIX

A. Run Nc. 47, preparation of Na,0,°2H,0,.

Reduction solution:
t grams azobsnzene
480 cc. of thiophene-free benzene
32C ce, of methanol
Azobenzene reduced in reduction v¥essgel; 10 ¢c¢, of this
solution required 66,7 cc. of 00,1042 N hydrochloric acid,
815 ee, ueed for oxidation,
NaOCH3 in reduced solution:
815(0.10U42)6,67 = 566 mea.
Call, (96%) to remove one-half of the methylate:
(566/2)(0.0555/0.96) = 16,4 grams
The calclium chloride was added and the solution was stirred
for one hour, fiitered, and washed, Ten cc, of &35 cec,
collected required 29.8 ec, of acld,
NaOCH3 in oxidation solutilon:
895(2,98)0.1042 = 278 meq.
T = (278/566) = 0,49
Solution wes placed in oxidlzer in ice bath and oxygen was
passed into the solution with stirring. A% various time
intservals 10 cc, of the well-agitated slurry was removeq,
filtered, and the precipitate washed with a cold solvent
consisting of 50% benzene and 40% methanol, The precipiiate

was added toc ice water and analyzed for base and peroxide,
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The filtrete was analyzed for base, The rate of peroxide

precipltated as Nao0p Ho0o 1s tabulated in Table XII.

Table XII
Rate of Peroxlde Preclpitated

) Meq. ¥eaq.
Time HMeg, HCI naQSOO» HGL for
nin, for yptn for ppt filtrate X 2 Y

15 0,875 2.5% 1,82 0.312% 2 90%* (O Lugszse
52 1.3% 3.91 1.323 o.50% 2,92 0.72

38 1.79 5.27 1,228 0.595 2.95 0,862

* X = 0,875/(0.875 + 1,82)

w7 = 2,53/0.875
e Y = 2,50{0.312){0.%9)

Sclution was filtered, the precipitate was washed white with
the 60% benzene solvent at 0° C. and dried under vacuum, No

further analysls wae made,

B, Run No, 59B, Preparation of N5202°2H802.

Reductlion carried out ges in Exemple A,

1120 ce, reduced solution used, 747 ec. extrzcted with
water, The benzene solution was distilled; 70 ec, collected
to remove water, 7O cc. of benzene, 200 cc, of methenol, and
373 cc, of the original reduced solution added to the hydra-
zobénzene solution,

Oxidation was carried out at 0° C. for about two hours

after which the solution wapg flltered and the prscipitate

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-1l

washed with 10% methanol in benzene then with benzene, The
precipltate was dried one hour under vacuum., About 15 grams
wae collected, some lost.

Yeipht of sample for analysis:

7.1226 vial plus sample
6.3966 vial

L

0.7260 gram sample

Sample added to ice water; 95.6 cc, of 0,1035 N HCl requlred,
10 cc., of scetic acid, BO cec, of 104 XI soclution, and three
drops of a saturated ammonium molybdate solutlon were added.
277.7 cc., of 00,1053 N scdlum thiosulfate solutlion was re-
quired,
Meq. base per gram:
95.6(0.1035/0.7260) = 13.67
Meq, peroxlde per gram:
277.7(0.1033/0.7260) = 39.55
Peroxide to base ratio:
39.55/13.67 = 2.90
Meq. of peroxide per gram in pure Na202°1.9H202:
(2 + 3.8)/(78 + 64%,6)1000 = 40.65
Purity of sample:
(39.55/40.65)100 = $7.2% Keo0,°1.9H50,
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C. Run Nc, 58, Preparation of Keog'EHEOE.

1030 cc, of reduced solution obtained as in Example A,

jor]

ci

m

lQ cc, required 79,9 cc, R
This solution was extracted with water. 656 cc., of
hydrazobenzene sclution in benzene obtained., About 10 grams
CaC12 added =znd the solution allowed to stand over night,

NaOCH3 in reduced sclution:

I ar BN oo R Yo T Ne B4 s Jele) -
+ N T2V LU 2D = COFa med,

- B

KOCH3 solution (3.59 meq. per cc,} was added sc that the

KOCH3 was present in an amcunt equivaient te one-nalf of
original NaOCHB:
(892/2)(1/3.59) = 12k oc,

200 cec, methanol added and the oxidation carried out at 0° C.
for three hours, Soluticn was filtered snd the precipitate
washed with & cold solution of 10% methanol in benzene then
with benzene,

Small amount of preciplitzte added to ice water for
analysis, 37,2 cc, of acld and 72,7 cc, of thiosulfate
required,

Peroxide toc base ratio:

72.7(0.1562)/37.2(0.1035) = 2,95
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D. Run _§30, Preparation of X0, from K202'2H202.

K-0,°"2H-0, prepared in Run No, 58, Example C,

Materlial was placed in desiccator at 250 ¢, and eveacu-

ated to gbout 3 mm. After 1.5 hours sample was rarldly

decomposing. After 2,5 hours reaction appeared complete,.

Sample allowed in vacuum over night,

Welght of samplesgs for snslysies:

No. 1

10,3526
9.7618

0.5908

Peroxide and base analysis,

20,5 cc, of HCL
8.5 cc, of Na28203
20.5(0.1035/0.1567)
8.5(0.1487/0.1567)
Supercxide analysis:
T = 12,5° C.

P = 741 mm,

il

61,9 cc. Oo evolved

No, 2

6, 4h37 vial plus sample
6.2870  vial

0.1567 gram gemple

=

Sample No., 2 added to ice water:

13.56 meq., base per gram

8,08 meq, peroxide per gram

#KO, = (61.9/0.5908)0.635(273/285.5) (T41/760) = 66.27%

Material balance, Basis: one gram:

0.62/0.071 = 8.72 meq. KO,

13,56 « 8,72 = 4,74 meq., base assumed KOH

4.74(0.056) = 0,265 gram KOH

Remaining 0,115 gram assumed water
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