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The study of the oxidation of gaseous hydrocarbons of the simple
homologous alphatic series has been conducted from the several points
of view; but regardless of this fact the information is none the less
important, fcr the field is lapge and its importance great.

Lob1 found, while studying the action of a silent electrical
discharge upon moist methane, that tne following products and types
of products were produced: carbon dioxide, carbon monoxide, hydrogen,
CnHan and CnHgn+4. The hydrogen produced occupied about 35-45 per
cent of the gaseaus volume. » colorless insoluble solid compound
having the emperical formula of Qyﬁﬂ;o, was deposited on the sides
of tne apparatus. The formation of this solid compound was very slowe.
This compound was not affected by boiling with alkalies or dilute
acids, but concentrated sulfuric acid decomposed it. In a similar
work, Hiedmang found & brown deposit on the walls of a nighly poly-
merized nature.

The scrub water tnrougn which the exnaust gas was bubbled was
found to contain traces of esters of alpnatic acids such as butyric,
capric and heptylic acids. Vi Leob5 noticed from his own experi-
mental data and also from experimental data of other research ren,
that in all systems subjected to the silent electrical discharge
in which the possibility of acetic acid formation exists, the pro-

duction of butyrie acid nas also been observed. He also found that

l. Lob: 3Ber. 41, 37-20 (1908)
Ze Tiedman: Ann. FPaysik. {5} 2, 221-23 (1929)

de Leob: Berlin Eilochem 4. 20, l26-cu
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as acetaldehyde is converted into metnane and carbon monoxide, it is
very difficult to decids whether in the decomposition of the aldehyde,
acetic acid is the primary product or methane and carbon monoxide are
imnediately responsible for the butyric acid formation. Since CHy
is transformed to Hy and CpH,;, which on addition of water changes to
acetic acid, there is the possibility that CzH; and H 0 may likewise
be responsible for butyric acid formation. |

Briner and Durandl, while studying the chemical action of an
slectric discharge at low tempsratures, found that the action of the
spark upon & nixture of nitrogen and hydrocarbons results in the
formation of cérbon, hydrogen, hydrogen cyanids, ammonia and higher
hydrocarbons. The formation of awmonia being predominant if the
hydrocarbons are saturated, and the reverse if the hydrocarbon is
unsaturated. The action of & wave discharge upon a mixture of nitro-
ren and hydrocarbdns results in thé exclusive production of nigher
hydrocarbon compounds.

2 have found tnat methane, when treated both

Cther experimentors
in the pure state and diluted with hydregen, gave higher unsaturated
hydrocarbons such as acetylene and sthylens. The hydrocarbons above

methane in the series gave the corresponding unsaturated compounds.

Pryanishnikov®, while studying the effects of an electric discharge

1. Briner and “urand: J. Chim. Phys. 7, 1-30 (1909)

2. Pajio: Eull. Cnem. Soc. Japan 5, 249-60 (19&0)
Fischer and Peterss Z Physik. Chem. 4bt. 4 141, 180-94 (1929)
Fischer and Peters: Brenstoff Chem. 10, 108-13 (1929)

%. Pryanishnikov: Ber. 613, 1358.63 {1928)
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upon the zases of the ethylene series, found that the electrical
discharge tends to vproduce polymerization of the unsaturated hyd-
rocarbons. This tends to explain the presence of & residue in the
eiectrical discharge apparatus.

Lind and Glocklerl

nave done some very interesting work upon
the condensation of ethane into 2 liquid., They found that the silent,
the corona and the nigh freguency discharges, all cause the con-
densation of ethane to a liquid, with the liberation of other gases.

Tre average molecular weight of tre liquid product nhas been
recsulated between 105 and 467, by controlling the time that the
first products, either gas or liquid, are allowed to remain in the
discharge tube. The more secondary action takes place, the nigher
the molecular weight will be because of further condensation.

Continuing their work on the chemical effect of an electrical
discharge on metnane, ethane, proﬁane and butane, Lind and Glockler®
have shown that there is a parallelism between the reaction products
of an electrical discharge on tne hydrocarbons and condensation of
the same hydrocarbons caused by o< rays from radon. The empirical
composition of the ligquid product obtained by the aid of an elec-
trical uiscnarge is UnHygn, from the gaseous phase and also from the
combustion of the liguid.

Ixzveriments have snown that by the o8 ray condensation of methane,
e thane, propane and butane, a liculd compound is obtained, the em-

varical composition of which is CnH/egm.

1.Lind and Zlockler; J. 4m. C. S 50, 1767-72 {1928)
Z.Lind and Glockler: Trans. 4me. Zlectrochem. Zoc. B2, ~7-47 (1929)

Lind and Zlocklers J. Am. Co 5S¢ 51, 2811-22 (1529)
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When air or cxygen ié subjected to an electrical discharge,
ozonel is produced in varying amounts, depending upon the existing
conditions. Briner® and his co-workers nave shown that below 150°C
the oxidation of butane and propane by oxygen is negligible, but
ozone produces an appreciable amount of aldehydes and acids. At a
higher temperature, the ozone appears to function &8s a catalyst
because the combined oxygen is that atiributed to oxygen alone plus
the effect calculated for ozone, on the assumption that the action
of ozone increases with the temperaturse at a constant rate.

Lind® has proposed three theories to account for the chemical
action of electrical discharge upon gaseous hydrocarbons. They are:

l. The photochemical theory, whereby it is assumed that the rad-
iations produced during the discharge are responsible for the
chemical action produced.

2. The static ion theory, wherein it is assumed itnat the ions
serve as clustering centers and that chemical effects are
produced on neutralization cf the clusters, using part or
all of tne energy of ionization as activating energy.

de Tne kinetic ion theory, where it is assumed that the ions
impart kinetically a criticél activating energy to the

molecules wnich react.,

.

1. Fischers Z, Paysik lhem. 104, 74-89 (1923)
Xruger: Hernst restscorift 240-256
Briner zand Jurand: Compt. nhend 145, 1272-4  (1909)

< DBriner-and Carceller: Helvs Chim. acta 18, 973.581 (1937)
Briner, Carceller and sdler: Swiss 162, 957. June £, 1936

v Linds Zcience 67, £65-9 (1928)
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Lind claims to have reasons to support both the static ion
and tne clustering theory,.

Peters and Wagnerl studied the mecnanism of the action of the
electrical discharge on methane with the aid of a spectroscope. The
spectrum analysis of the arc in the discharge, before the color
change was observed unon increasing theelsactrical charge, shows the
band of the CH, ¥ and CN groups. This is taken to show the progression
in radicals from CHz--3 CHz --3CH. Polymerized saturated hydrocarbons
are thus formed at low pressaie and low charge, while CgHgand CpHy
are formed at nigh pressure. c£0lid hydrocarbons result from the
reaction of =J=C= groups with reactive hydrogen.‘The mechanism
is as indicated:

CHy —--y CH 3TZ2 Cply
Jt ¥
¢+ ===z oz¢=-
N v
¢
Soliad

4o de Hemptinne® has shown that Faraday's law holds with fair
approximation for chemical effects produced by an electric discharge
in gases at low pressure.

1t has been found that the silent discharge in dry air® forms
;0 and Na0p as well as Oy. Secondary action of O3 on K,0f produces
a small amount of a highly colored gas, giving a characteristic

absorption spectra.

1. Peters and Wagner: Brennstoff Chem, 12, 67-8 {1931)
2. Hemptinne: Bull. Acad. Roy. Belg. 5, 521-7 (1919)

3. Anon: Z. Angem. Chem. 25, 1324-5 (1912)
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Briner and Durand! found that the silent discharge acting on
air does not produce tne oxides of nitrogen at a low temperature,
oéone being the only product formed. The arc and the spark discharge
produce, under the same conditioné, the oxides of nitrogen and only
a small quantity of ozone. 4ccording to Krugerz, it seems probable
that the mechanism of ozone formation by the silent electric dis-~
charge consists of splitting off & secondary slectron from the
oxygen molecule, and the cohsequent separation of the molecule into
two atoms. 2ach atom then unites with an oxygen molecule to form
a molecule of ozons.

Fischer® has shown that the ozone concentration increases
almost nroportionally to the energy of the current, and
rapidly dirinishes as the distance between the electrodes is in-
creased. The ozone céncentration also increases as the flow of gas
through the tube becomes smaller, znd vice versa. Glass and alu-
minum ozonizers of the same dimensions yield approximately tns same
concentration of ozone under the same experimental conditions;
but the ozonizers with a brass elsctrode produce very srall quan-
tities of the anhydride of nitric acid (HNQ‘), and no anhydride
of nitrous acid (HNOgz) was formed.

The oxidation of hydrocarbons may be aided by the use of the

1. BEriner and Durand: Compt. Fend. 145, 1272-4
Ze iruger: lLernst Festscnrift, 240-256

3. Fiscner: Z. Paysik Chem. 104, 74-89 (1923)
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following catalystls CuO, PegQy, VgOf, UOg, Niz(POyly , N22005 .

Juilard® found, contrary to statements in the. older lit-
srature, that nydrogen (Hy) and silicon fluoride (SiFy) dec-
rease tne formation of ozene from Oxygen in ozonizers of the
ordinary typee.

The mechanism of the oxidation of the hydrocarbons has not
been definitely agreed upon; but much work has been done on this
subject, and several theories nave been proposede. The slow ox-
jdation of hexane® at 210°C by an anonymous experimentor gives
a possible mechanism of the oxidation. During the reaction, mol-

s>xides (unsaturated intermediate oxidation products) and per-
oxides are probably formed first. They then undergo secOndéry
rzactions resulting in the formdtion of water, unsaturated com-
vounds, fatty acids, carbon monoxides and other gasss. Luan-
titative investigation of the reaction products show that in the
addition to tre formation of the moloxides and peroxides, tae
manner of oxidation of the hydrogen atom is important. The un-
saturated intermsdiate product thus formed will take up oxygen,
forming new secondary products. The decomposition of both the
yriméry and secondary peroxides rssults in a series of further
chanzes which way lead to tue formation of aldehydes, veracids
nd other compounds.

Pops, Dykstra and 2Zdgar? interpreted the results of taeir

work on the vapor phase oxidation of octanes on the theory that

1. 4= Balaafsches Fr. 784, 016 July 20, 1955
<o Juilard: Bull. Sci. Acad. Roy. Belg (5) 12, 914-20 {19:26)

O Tocime. Hocnschul: Zurich. Helv. Jhime. Actz.ll, 681-97 (1923)

N

4. Pona, Dyiestra and Sd-ars J. 4dne O

. 51, 1675-69 (1929)
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thae initial oxidation product of normal octane is octaldehyde,

which in tum is further oxidized to aldehydes of successively

smaller number of carbon atoms, carbon monoxide and some carbon
dioxide being similtamsously forwed.

Poase and lunrot, in their study of "Tae Slow Oxidation of
Propane", found that both the per0xides (6ther than peracid) and
a@ldehydes may be important products of propane oxidation. Their
results shows

1. Peroxides can not be essential to the chaln propagation of

reactions, since & very simple treatment of the reaction

buldb (coated with potassium chlorides) almost entirely ekim-

‘inates these peroxides, but only moderately decreases the

total amount of resaction.

2. Organic peroxides, aldehydes (mainly forraldehyde) and al-
conols (wmainly methanol), which have been estimated quan-
titatively, are secondary products.

3. 4cids, esters, acetals, acetone propionaldehyde and ethylene
oxide are unimportant.

4. The early appearahce of propylene in quantity without the
equivalent of hydrogen, indicates its importance in tne
prinzary oxidation vprocess.

5. The main reaction of hydrocarbons with oxygen has yet to
be discovered. |
Pease?, in nis study of "The Mechanism of tue Slow Oxidation

cf Propane", fodnd that methanol; formaldehyde, carbon monoxide and

water are tie vrimary products of the slow oxidation of propane.

1. Pease and iunro: J. ime Co 3. 56, 2034 (1934)

<e Iro&@Se: Jes .M. Te Te 57, 2296 (1905)
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Yis rezults ars interprsted in terms of Bicesllradical-chain theory,
on the assumption tnat methoxyl (CH30) énd propyl (CgHy) groups are
tne chain carriers. Pease points out that similar mechanisms in-
volving nydroxyl in place of tue methoxyl groups, and producing
water in place of the methanol, may apply to the oxidation of meth-
are and ethane.

Since the oxidation of the saturated open chain hydrocarbons
yields aldehydes as one of the oxidation products, attention has
besen drawn to the aldshyde oxidation reactions in hopes that the
latter may throw some ligny unon the mechanism of hydrocarbon
oxidation.

There exists some disagreement as to tne nature of the re-
action betwesn acetaldehyde vapor and oxyg:n. According to Boden-
stein® the reaction is homogeneous, and yields m&inly pre-acetic
acid. Hatcher, Steacie and Howland®, on the otaer hand, find that
the rate is increased by a glass packing (indicating wall reactions)
and a complex mixture of products is obtainsd. Both Bodenstein and
datchey with his colleaguss, are inclined to regard the reaction
as of the chain type; but for digferent reasons.

Under tnese conditions, Pease?

undertoock a re-investigation
of the acetaldshyde oxygen reaction. He found thats
l. Feracetic acid 1s tne preponderant product except wnere the

reaction vessel is coated with potassium chloride.

le Z¢ 0. & Xo Ko Rice: The Alivhata Free Tadicals. Jonns
Hopkins Press, Zaltimore, Td. 1935

2. Bodenstein: 3itzber oreuss Akad. FPhys. 2al III 1 {1931)
e Tatcher, Steacis and Urwlands Can. J. Zessarcn 7, 149 (1932)

. BB, £75%-61  (1933)

Tiz

L. Tass a,
4. Peases Je ame O
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2. The reaction is accelsrated by broken glass packing, and
also by coating the reaction vessel with potassium cinloride.

3, The reaction is innibited by ethyl alconol vapor, but not
by ﬁater vanor. Iitrogen, hydrogen and sthane do not affect
vﬁ:e rats. |

4. The initial rate is proportional tQ the square of the acet-
aldehyde ccncentration, and independent of tne oxyzen cén—
centration. The reaction is auto-accelerated.

5. Tne reaction appeared to be the cnain type, with chains
starting on the walls and endin? in the zas phase; but
this is not definitely vrovad.

Guyct®t, in nis rrocess for tne production of dcetic acid from

acatalds yde, took precantions agai .ot tos formation of reracetic

[¢]

acids The vapors of acetaldehyde are oxidized by & gas rich in oxyrsen,
in the absence of a catalyzsr, and at once ars bhrousnt to a tem-

rerature of about 100 C to destroy any peracstic &cid nresent.

In thuelr wore on the oxidation of acetaldehyde by oxyzen,

1. “hoen azetaldehyde is shaksn with oxygen &4t oriinary tem-

’

is forsaed.
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to th> ualdehyde concentration 2nd inderendent of the

oxyoen concentration.
Sa 4 long chaln tacusnism of reaction 1s indicated.

The cusstion of meracids and vperoxides resulting from the
oxidation of nydrozarbons has attracted wuch attention. Bone1 has
inzisted on the view that all hydrocarbon oxidation proceeds via
hydroxalation, tae hydroxyl compound losing water to fomm aldehyde:

RCHz? Op ——» Z0H(OH)p --pkCHO+ 0
FPurther oxidation tien yields the lower aldenhydes and carbon
monoxide:
7' CHg CHO# Op——3p E'CHO+ CO+HgO
or acid:

£ RCHO+ Qg --9.2 ECO0H
Pope, Dykstra and Edgarz adopt essentially the same view,,
without snecifying tae intsrmadiate nydroxyl compound. Bone has
minimized the importance of peioxides as initial products, pointing -
out tnat aldehydes forwed in the prisary reaction could conseq;
uently redct with oxygen and zive neracid as a secondary producte.
Pone and Zill® show that in the oxidation of etnane, tae paroxide
(as determined with titanium sulfate] tends to follow aldenyds
nroduction #nd amounts to only about one-~tenth of the latter. In

a discussion of the subject of tae oxidation of organic compounds

with oxygen, including some literature data, slfred nieche® sum-

1..Bone and Townend: "Flame and Combustion in Gases", liac
millian and Company, 1927.

Z. Pope, Dykstra and 3dzar: J. Am. C. Je B1, 1875 (1929)

3. Zone and Hill: Proc. Roy. Soc. (London) 4129, 434  (1930)

A

4. Zieche: Ansun. Chem. 50, 520-4  (1937)
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marizes the oxidation precesses as follows:
1. In many cases, oxygen does not react with the double bond
‘(in contrast with ozone) but enters betwesn a C-H bonde This
reaction seems to be the one which takes place most frequently.
2+ The reaétions between oxygen and organic compounds may be
pictured as follows:
(1) B-R+ Og ---9 ROOR
(2) RCH:CHR + Ogm==p HR-C-H-C-HR
: i 0=0 —em
(3) R'H+O0q --9 30CH
(22) RC HO+04 —==3 B2 C (:0) OOH
(2b) B C HyC(:0) R+0g ———» R C H (0CH) C(:0) R
(3c) ® C Hy OH# Og -——» 2 C E (CCH) 0 H
(24) RC HO R+ 0g ~=—» B C H (coH) O R

Jteacie and Plemes1

have drawn four conclusions from many in-
vestigations of the kinetics of the oxidation of gaseous of hydro-
carbons., They are as follows:
1. Al11 oxidation reactions of gaseous hydrocarbons procesd by
a chain mechanism.
2. The rate of reaction depends on some fairly high power of
concentration of the original substance.
3. Packing the reaction vessel with material of whicn it is made,
usually retards the oxidation markedly.
4, In all of these reactions there is a more or less pronounced
induction
The oxidation of unsaturated gaseous sydirocarbons can be satis-

factorily explained in a general way on the Bodenstelin mechanism., “Yhile

1.

{1y

teacie and Plemess Zan. Chem. ‘et. 18, 21617 (1934)
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in the saturated hydrocarbon, the oxidation proceeds througn a
primary dehydrogenation, followed by & cnain oxidation of the olefin.

| While some workers favor the hydroxylation theory of oxidation,
‘others leave no doubt as to the formation of the true peroxides,
other than peracids. Thus Lenhe reported tne formation of dioxy-
methyl peroxide (HOCHp Q00CHR OH) from ethylene, and Kordain;xornall
and Quanquinz partially identified compounds of the  type ROOH,
ROOR'0OH, and HOROCR'OH, in the oxidation of paraffins irom pentans

to octans. Yardless, by his study of the peroxidation of hydrocar-
bons during combustion in air, has been able to explain the pressnce
of methanol in the combustion products of methame by the psroxidation
theory (llourea) as satisfactorily as by the hydroxylation theory of
Bone.

Jince peroxides and psroxi&e compounds are so frequently found
among tne oxidation products of hydrocarbons and nydrocarbon COm-
pounds, studies have been made of the peroxides. Fujimoto4 has pre-
pared di forsal peroxide hyirate (HOCHZ00CHRCH) by the action of a
1500-volt silent electrical disciarge upon a mixture of 64 percent
metnane and 35 vrercent oxygen. edvadev and Alekseena5, éfter much

work and study of various reactions, cucceeded in preparing iso-

1. Lehners J. 4m. Co 2. 53, 3737, o752 (1931)

. Lordain-lornal and “uanouins Ann. Chim. 15, 209 (1931)
o Jardless Yature 128, 1167 (1931)

Fujimoto: Javan 110, 728. Tay 13, 1935

“edvsaev and alekseena: Der. 66B, 133-7 (19:22)

(SIS V]
&
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rropyl and propyl hydroveroxide. Isopropyl hydroperoxide is a
mobile licuid with an irritating odor. It Dboils at 107-109°C,
and explodss on heating to a high temperature. It is missible in
all proportions of water, alconhol and etner. It is relatively
stable in quartz vessels .nd in neutral or acid agueous solutions,
but decomposes guickly in élkali solutions with the formation of
acetone. Tne vpropyl hydroperoxide was not obtained in tne pure form,

but the barium salt was isolated..

1

o &

In followiﬁg up some orevious work, Rleche and Hitz™ undertook
to prevmars and parify some free methyl hydroveroxide (CHzCCH). The
dilute solution was obtaihed, but it was with mueh work thatvtﬁey
finally succazlal in obtaining the pure metayl hydroperoxide. The
compound is very soluble in water, and it boils between 58 and 40°C,
with slizgnt decompositions It has an extraordinary penetrafing odor,
attacks the respirating organs, and produces deep burns on the skin
wnich heal with difficulty. 3ven in vapor form, it destroys orzanie
compounds and attacks mercury. On heating, it explodes very violently,
and is also very sensitive to shock at high temperature. Xethyl
ethyl veroxzide (CHg COCH,CHz) 2nd hydroxydimethyl peroxide(CHzO0CH,0H)
ware also vrevared. The hydroxydimethyl peroxide is an oil of vene-
trating odor which explodes violently on heating, does not solidify
in én ice-salt mixtare and shows typical psroxide reactions toward
reducing azents.

Continuing his work on alkyl neroxides, Alfred Riechez studied

the hydroxyalkyl hydroperoxides. He found that in a mixture of alde-

che and Hitzs Ber. 62ZB, 218-25 (1929)

a 3
k=1 k4
ieche and Fitz: Her. $EE, 2456-74 (1929)

Z.Rische: Bar. o4B, £326-55 (1951)
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hyde and hydrogsn paroxide, there exists tine equilibrium:
HeOg *+ 2RCHO 3==2 RCH(OH)COH (hyiroxyalkyl peroxide)

ROH(OH)OUH + 3CH0 I==> RCH(OH)00 CH(CE)R (vis hydroxyalkyl)
( peroxide )

s0 that one molecule of aldehyde and hydrogen veroxide do not always
zive the hydroxyalkyl hydroveroxides The bis peroxide is the more
stable product znd tends to be formed in general, especially in water,
In etnyl ether, the state of affairs is much more favorable to the
formation of the hydroxyalkyl hydroveroxide, which under the proper
conditions can be isolated in pure forme The preraration of the de-
rivitives of the lower aldehydes offers srecial difficulties, and the
lowest member of the series, ZCCH,O00H, has not been isolated. The «&
hydroxyethyl hydroperoxide has been prepared, but with much difficulty.
The higher hydroxyethyl hydroperoxides are readily obtained in
leaflet crystals with the following welting points:

Hydroxyhevlyl aydropsroxide CgH,z CH(0H)00H 40°

Yydroxyoctyl hydroperoxide CqH,sCH(OH)0OH 45 °
Hdydroxynonyl nydroneroxide CgH,yCH(OH)OOH 50-54°
Hydroxydecyl hydropsroxide Cgi,¢CH(0H)00H 61 ¢

Eiy@roundodecyl hydroperoxide Cre HasCH(OH)OOH 62

Hydrododecyl hydroperoxide  Cn HgsCH(04)O0H 65—6?

Taey are not sxplosive and merely decompose vigorcusly vhen super

heated; they are insoluble in water, but are slowly decomposed by
it in the cold.

Continuing tne study of alkyl neroxides, Rieche, in co-ope-

ration with R. Xiesterl, nas studied Ilhylidene paroxides. The per-

1. Zieche and I'iester: Ber., 64B, £335-40 (1931)
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oxides in which two peroxide groupings are joined through a carbon
atom, are best designated as alkylidene psroxides. Of those derived
from aldehydes (R ¢'HOO-)x only three were nitherto known, i.e.
(G HgC' HOO-)x and (CHyC'HOO-)x (CaH,C'H00-)x. The ethnylidens
compound (CHzC'HOO-)x had been previously obtained by Wieland and

Tinglerl from (CH,GH(OH)-O) as a viscous, exceedingly explosive

¢ Y
resin. Rieche and lliester have observed its formation in several other
ways, and have studied its properties.

The ethylidene peroxide, when freshly prepared, is a very vis-
cous 0il of only a faint odor and not particularly sensitive, so that
it can be handled with comparative safety. After standing for several
days in & closed vessel, or for ons hour in the air, it becomss more
viscous and sticky, and finally becomes vsry sensitive and dangerous,
far more so than 0330003'. Fur ther hitherto unknown alkylidenevper-

oxides have been obtained by Rieche amd iiesterz

, by the elimination
of water from bis {nydrbxyethyl) peroxide. By furtner reactions of
bis veroxide, they isolated and identified a peroxide compound which
they call rerparaldenyde. This perparaldehyde is paraldehyde in which
ons of ring oOxygens is replaced by the -0X0% groups. It has only a
fair ' odor, is insoluble in Wéter and easily soluble in almost all

organic solvents. It is hydrolyzed by hot dilute sulfuric acid to

three molecules of acetaldehyde and one molascule of aydirogsen peroxide.

l..4nns 431, 301-28  (1923)

£+ Riache and “eister: Ber. 65B, 1274-9 (19:2)
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Two sets of wor}ters1 were studying the reactions of diacyl
peroxides about the same time, and their papers were published the
smae year. Their results agree very well. They have shown that diacyl
peroxides decompose when heated to give & hydrocarbon and carbon
dioxides:  HCOO « OOCR --23 ER+200g.

The reaction may take place by tne intermediate formation of
carvon dioxide and tue free radicals R, which polyrerize to form R R.
“ore than one type of reactions may take‘place at the same time when
tne diacyl ﬁeroxide is decomposed by neat.

On continuing their studies of alkyl rmeroxides, Zieche and
“sizter® found tuat tne power of forraldehyde (HIHO), to add to
hydrozen peroxide, 1s not limited to the addition of two molecules
of formaldehyde. By very careful work tney were 2ble to prepare tihree
conplicated veroxide compounds. The first compound, bis {aydroxymethyl)
neroxide bis (hyiroxyretnyl) other has tne formula (HOC&;OCHZ)z |
1t is an 0il wits toe consistency of liguid paraffin, easily sol-
able in water, «nl not particularly explosive. Tae :acond compound
is believed teo be pertrioxymethylene Cﬂz(O.CHg)* « Og it is in-
soluble in water snd guite explosive, detonating with a loud report
when supsriaested in a test tube, and formine a white sublimate of
noelyozymetaoylenes The third cospound, after very careful handling,
vas analized and &@ssigned tne structure of tetraoxymetnylene di-
reroxids, qk(u3i03lg)‘ 01. Tuis compound is exvloded with tremen-

dous violence by friction, snock or heat.

5

1. Pichter andl Trlasnmeyer: Helnatica Chim. Acta 9, 144-52 (1925)

o

Ze Gloche and Tsisters Ber. ©6B, 718-2 (1933)
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Rieche and “eisterl, continuing their study of alkyl per-
oxides, turned their attention to the simpler membsrs of the Iroupss
Ué to this tire numerous hydroxyalkyl nydroperoxides had been pre-
pared by the addition of HyOp to aldenydes, bat it had beem found
impossible to obtain the simplest member of this Zroup of compounds;
namely, hydroxymethyl hydroperozide (HOCHOOH). Waen sther and Sol-
ution of fornaldehyde and hydrogen peroxide were brought together,
and tne ether evaporated, there remained unstable o0ils of varying
composition.

It has been found that the trouble lay in thes fact that the
solutions of formaldehyde contained the hydrate of formaldehyde.
7ith a solution of syecially prepared anhydrous forraldehyde, hyd-
rogen veroxide gives hydroxyme thyl hydroperoxide as a relatively
stable o0il of medium consistency, not sensitive to friction but
eXploding with extreme violence when heated in a flame.

Rieche® studied the autoxidation of ether in order to de-
termine the explosive character of ether, since numerous instances
nad been cited where violent explosions of ether residuss nad been
caused by heat on friction. He found that the forration of peroxides
is zreatly accelerated by lignt (ultra violet rays), and by the
presence of aceteldenhyde. Formaldehyde has a similar effect, but
to a lesser degree. Thus he claiws that the nigh dezree of explo-
siveness noted in ether residues can be due only to alkylidene
veroxides. fuch compounds may result directly from the oxidation

of the atier molecule, or from dioxyalkyl paroxides with the sepa-

1. Zische and ‘eister: Ber. 68B, 1465-73 (1935)

2. Zieches Z. Angemn. Chem. 44, 896-9 (1931)
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ration of acetaldehyde and water, or from oxyalkyl hydroperoxides
with the separation of water.

According to Sciwaz and Heinrichl, nere are two types of per-
oxides, the false and the true. The trus peroxides nave the-0-0-
bridge within the molecule, wiile the false péroxides have the Hj0g4
attached to the molecule.

Roessler? has found that peroxide solutions may be made more
stable by the addition of tin compounds, such as Nay,Sn0Oz after the

pH of tne meroxide solution has been properly adjusted.

1. Schwaz and Heinrich: Z. anorg. Sllgem. Chem. 223, 587-92 (1935)

2. Doassler: Ger. 610, 185 Jarch 7, 19556,






Toe shtudy of the cxzidation of propane and butane in the vapor

whade

wse, with ;zen @nd sir, in thas presence of an electrical dis-

charce, was undertazen. The oxidation yroduct obtained,was found to
contaln uldshydes and peroxides along witn otusr coupounds. This
laad to the study of the oxidation of aldehydes by alr and OxyZen,
since aldehyde: and oeroxides were found in toe same solutione. Acet-

‘de were =zsed for oxidation

oxyzen, at normal conditions of temperature and oressure, without
the aid of an outside force.

Tobl, while studyiug the action of a silent slectrical dis-
anarge apon moist methane, found tuat the following compbunds wore
produceds carbon dicxide, carbon monoxide, hyirogen, nilgner satur-~
ated and unsaturated hy&focarhons, and traces cof esters of aniguer
aliphatic acids, such as butyric, capric and neptylic. It would seem
that the longer cuain hydrocarbon was built up from netansne and
then vossibly oxidized through various steps, finally to give the

4

, Zriner, Durand®, Fujio®, Fischer and Peters® obtained

results to agree with those of Lob.

1. Lob: Ber. 41, £7-30 (1908)
2+ Leobt Eorlin Biocnem. Z. 20, 126-35
’ 2nd Durands J. Chime Phys. 7, 1-20

¢
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ijios Bul. Chem. Joc. Janan 5,249-60 (1930)
5. fischer and Feters: 4. Pnysik Chem. Abt. 4, 141, 18094
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The gas used in tnese experiments was the commercial pyro-
fax zas which is a mixture of about 3 per cent butans and 97 per
cent propane. The licuid oroduct which formed in the reaction
chamber was collected in 2 cup at the bottom of the chamber. This
liocuid was a mixture of compounds. It contained formaldehyde and
‘ﬁigher aldehydes, acids, a meroxide and polymerized compound. As
Leobl found from his own experimental work, these acids which are
found in the liouid =ay contain acetic acid, butyric and possibly
higher alipnatic acids. The peroxide is very unstable, and will
decompose 1f left standing at room temperature. Instead of decom-
vosing into smaller components, it may react with something else
in the mixture, possibly aﬁ aldehyde, to give one or more molsc-

ules of an acid. Rieche and Hitz~

“have found that the peroxides

in a solution react with other cqmpounds in the same solution, and
thus lose their original identity as peroxides. If kept on ice,
the peroxide may rerain for at least twenty four hours. The brown
polymerized product in the liguid has similar characteristics to
those of & brown polymerized product which forms on the walls of
the reaction chamber of the elctrical discharge apparatus. Hied-
man® reyorts on a similar brown deposit which fomed on the walls

of his electrical discharge reaction tubes. He revorted the deposit

to be of a highly polymerized nature. Hitrogen from air does not

1. Leob: Berlin Biochem. 4. 20, 126-35
£. Zleche and Hditzs Ber.62B, 2458-74, (1929)

*

5. Hiedman: ann Physik (5) 2, 221-23 {1929)



cause this brown deposit, because when pure oxygen is mized with
the hydrocarbon gas and this mixture run turough the elctrical dis-
charge avwparatus for the same period of time and under the sare
conditions of tam?eratuie anl pressure, the sams type of brown de-
posit is formed on the walls of tne reaction chamber. 1f the liquid,
which drips from the walls of the reaction chamber into the col-
lection cup, is allowed to0 evaporate in the air, the brown deposit
is left. “hen, at tre end of & run, the reaction chamber is pot
cleaned out, but is allowed to stand with sowe of the compounds
in it until the next run, the brown deposit is much more readily
formeds. Thus it apnears that once tie polymerization of the
certain compounds in the liquid has started, tim reaction increases.
This brown deposit may be explainsd as the polymerization of
the unsaturated aydrocarbon compounds, for it Inas been found that

the action of an electrical dischargel

upon hydrocarbon gases tends
to produce unsaturated hydrocarbon compounds of the ethrylene and
acetylene type; and.Pryanishnikov2 has shown that the silent elec-

trical discharge produces polymerization upon unsaturated hydro-

carpons.

1.Lobs Ber. 41, 97-30 (1908)
Leob: Berlin Biochem. Z. 20, 12635
Pagios Bule. Chem. Zoc. Japan b, 249-80 (1930)
Fischer and Peterss: Z. Faysik Chem. 4ibt 4, 141, 180-94
Fiscner and Peters: Bremmstoff Chem. 10, 108-13 (1929)

2.Pryanishnikov: Ber. 61B, 1656-63 (1929)
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The secand liguid product obtained from the oxidation process
is that which is condensed from the gases that come from the re-
action chamber. This liouid contains water along with the volatile
liguids whose vapors were caused to condense by the freezing mix-
ture of the cooling bath. Fujimotol, using a glass ozonizer and
15,000~v0lts, has prepared a liquid product from a mixture of a
64 percent methane and 35 percent oxygen. This liguid product was
composed of about 50 percent diformal peroxide hydrate
(HOCH, OOCHZ OH), 10 percent formic acid, small amounts of methyl
alcohol, fomraldehyde, methyl formate and water. Thus when propane
and butane are used, similar reactions are expected and correspond-
ing compounds should be formed. The secondary reactions and the
chain reactions are to be considered, for tasy further complicate
the composition of the licuid. Moloxidesz, which is the namp given
for unsaturated intermediate oxidation products, and peroxides are
probably formed first, in the oxidation of hexane at 210°C, then
thay undergo secondary reactions resulting in the formation of
water, carbon monoxide, fatty acids, unsaturated compounds and
sases. riner and Carceller®,nave shown that below 150°C the
oxidation of propane and butane by oxygen is negligible, but
ozone produces an appreciable amount of aldehydes and acids. Tow
in a system where the propane and vatane are subjected to tie

action of an electrical discharze, at the saxe time Dbeing mixed

1. Fujimotes Javan 110, 728 ({Hay 13, 1935)

,,
3

scin Hocnsziule Zurich. Helv, Chem. acta 11,881-97 (1928)

de Sriner anl Carceller: Helv. Chim. 2Zcta 18, 937-81 (1937)
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with oxygen and ozone, the reaction is expected to be modified;
but, at the saze time, it should be more vigorous. Chain react-
ions should further complicate tne expected reactions. Steacie
and Plemesl have rsached tne conclusion that all oxidation re-
actions of gaseous hydrocarbons procesd by & chain mechénism.

The scrub water thnrougn which the exhaust gas was bubbled,
was found to contain acids and aldehydes. Lobz, while working
with methane in a similar apvaratus, found the scrub water to
contain esters of aliphatic acids, such as butyric, capric und
hypletic. Leobd noticed froz his own sxperimental data,and also
from that of other research men, that in all systems subjected
to the silent electrical discnarge in which the possibility of
acetic acid formation exists, the vroduction of butyric aicd
nas also besn observed. It does not seem that the vaoors of the
compounds dissolve in the water and thus remain, but rather
tnat sore reactions take place within the water solution.

Aldehydes and peroxides were found among tne oxidation
nroducts of pronans and butane and, since tney react together
to form other comnounds, the vusstion of thneir relation to the‘
macnanism of the hydrocarbon oxidation seened to be in order.
The metnod of attack was through tae study of oxidation and

peroxlde formation of aldehydes. In the oxidation of acetal-

1. Steacie and Flemes: Can. Chem. Yet. 18, 216-7 (1934)
2. Lob: 3ere 41, €7-70 (1908)

Z. Tzob: Berlin Bicchem. Z. &0, Li6-35
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dehyde for the production of acetic acid, the problem of per
compounds, especially the peracetic acid formation, has given
much trouble. For wien & large anount of peracetic acid collects,
a violent explosion occurs.

Guyotl has patented a process wiereby acefaldehyde vapor
is oxidized without the aid of a catalyzesr, and at once brought
to 2 temperature of 100°C to destroy any peracetic acid present.
Thus we should expect meroxide compounds to be more stable at low
temperatures.

The fact that acetaldehyde is easily oxidized even in air,
has been definitely verified by many investigators, but the mech-
anism of the reaction is still subject Lo much discussion. Boden-

2 slaims that when acetaldehyde vapor is oxidized by oxygen

stein
in & suitable apparatus, the reaction is hOmogeneous‘and yields
mainly reracetic acid. Hatcher, Steacie and Howlands, on the otner
hend, find that the rate of reaction is increased by a glass pack-
ing (indicating wall reaction) and a complicated oroduct is ob-
tained. Both seem to regard the reaction as belonging to the

chain type, but for different reasons. Pease4’ in a reinvestigation
of the acetaldehyde oxidation reaction, found that ths reaction

is accelerated by broken glass packing and also by coating the walls

of the reaction chamber with potassium chloride. 7Then potassium

1. Guyot: Can. 214, 163 November &, 1921

Z. Bodenstein: Sitzier preuss. dkad. Phys- Jath III 1 (1929)
3. Hatcher, Steacie and Howland: Can J. Research 7, 149 (19&2)
4. Pease: J« am. Jo Soc. B5, £753-61 (1933)



chloride was used to0 accelerate tie reaction, no psracetic acid
was found in tne product. The writer found tnat by packing the
reaction chambsr with pieces of glass, the reaction was increased.
Thus checking the work of Pease, Hatcner, Iteacie and Howland.

Bonel has insisted on the hydroxyl theory of oxidation for
.ldehydes, while Pope, Dykstra and 3dgar® take essentially the
same stand; but they do not specify any special intermediate
products. Bone, in supporting the hydroxyl theory of oxidation,
states that aldehydes are formed by the primary oxidation re-
action, and the peroxides and vperacids are formed by oxygen and
aldehydes as secondary reactions.

Bone and Hilla, from their study of the oxidation of ethane,
show that the neroxide formation tends to follow the aldenyde
pioduction and amounts to’only gbout one~-tenth of the latter. But
if this were a secondary reaction, why should only & fractional
part of the aldehyde be oxidized to the peroxide ? Other invest-
igators support the peroxide theory. mardles4 explains tne pre-
sence of methanal in the\combustion of methane by the peroxidation
theory as satisfactorily as by the hydroxylation theory of Bone.

5

Lenher® revnorted the formation of dioxymethyl peroxide

(H0CH, O0CH, CH) from ethylene, and lordain-iornal and suanquin®

1. Bone and Townend: "Flame and Combustion in Gases", ac-
millian and Zowpany (1927) '

2. Pope, Dykstra a&nd 3dgar: J. am. C. Soc. 51, 1875 (1929)

¢. 3Bone and Hill: Proc. Roy. Soc.(london) 4 129, 434 (1930)

4o Jardles: Wature 128, 116-17 (1931)

5. Lenhers J. .m. C. Soc. 53, 3737, 3752 (1931)

6. Mordain-l‘crnal and “wancuin: Ann. Chim. 15, 309 (1931)
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vartially identified compounds of the typess: ROOH, R00R' OH,
- HOROOR' OH in the oxidation of parafiins from pentane and decane.

The }nfcrmatiOn gathered from the study of the oxidation
products of &aldehydes, especiall& the peroxides, should be of much
value in a study of the products fomed when hydrocarbons are Oxi-
dized. 4cetaldehyde is easily oxidized, but correspondingly the
veroxide and per compounds are unstable. hen & hisher aldehyde
is used instead of acetaldehyde, it should be harder to oxidize;
but the peroxide or per compound should be more stable. Butyr-
aldenyde should give peroxides or per compounds which are more
stable than those of acetaldehyde. Likewise, heptaldehyde per-
oxides or per compounds should be o re stable than those of

butyraldshyde.
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The following anvaratus was used to oxidize vpropane and

-

utane in the vapor vhase with oxygen and alr in the presence

ol an electrical lischarge:
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Tiere is encusn waber in tue outer electrode (if pat in while

thne reaction cnfaber cool for three
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or four hours. Tas cater in the ianer electrode circulates, by the
ferse of sravity, tc and from the reseorvolr tank; thus keepinz the
imier 3ide of the reaction chamber ccol. If the reaction chamber is
allowsd tc become hot, frequent explosions take place witnin the
apnaratus, and brown deposits are formed faster on the walls of the
reaction chamber. The reaction chamber should bs thoroughly cleaned
after each run.

CHEMICALS USED

©

Propane and butans were used &s a mixturs of the two hydro-
carbons. This was done because of the convenient and abundant sup-
vly of the gas- pyrofa#, the gas in the laboratory gas lins. Pyro-
fax is the trade name of a fuel gas put on the markst by Carbide
and Carbon Chemicals Corporation. It is supposed to contain about
97 vercent normal propane, S percent butare and a trace of ethyl
mercaptan to give itpe gas an odor.
OXYGEN USAED

The oxygen used was from a regular pressure tank of ogygen

obtained from Air Reduction Sales Company.

he air used came from the compressed air line in the

laboratory.

o
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The following apparatus was used to oxidize acetaldehyde

and butyraldenyde, in the vapor phase, wit: oxygen and air.




B0

The apparatus, as shown in the preceding picture, con-

sists of:

)
Lie

Be

Fe

[
D)

He

I.

Ja

Oxygen tank for oxygen supnlye. hen air was used instead
of oxygen, ths compressed air line was the source of aire.

Indicator bubbling bottle, through which oxygen or air
(when the latter was used) was bubbled to indicate the
rate of flow.

Filter for removing large particles of moisture.

Aldehyde container, from which the aldehyde vapors were
constantly carried off by oxygen or air.

Reaction chamber. This chamber was kept at a temperature
of 75-85"C by a gravity circulating system of hot water.

Condensation chamber, cooled by an ice-brine bath.

Scrubbing tower to remove soluble components of the dis-
charge gas.

The water heating unit, which furnishes the hot water for
the gravity circulating system. The hottest water goes up
the tube and into the top of the water jacket, aorund the
reaction chamber: while the cooler water comes from the
bottom of the water jacket and is taken to ths bottom of
boiler flask. A third tube leading straight up from the
boiler flask to a trap bulb, takes care of the expansion
of thhe water.

Control board, consisting of switch, rheostat and pilot
light, to control tne amount of current going to tne hot
plate under the boiler flaske

Thermoms ter, with which to read the temperature of the
water coming from the water jacket of the reaction
chamber

TI8 APFPARATUS

SR

b

OPIRATION O

Tne avparatus uentioned above is operated as follows:

1.

The current is turmed on the hot plate. After tne system
has become hot, the rheostat is adjusted so that the
water in ths boiler flask just does not boil.

The ice-brine mixture is put in the condenser system
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3. Aldehyde is put in the aldenyde container. The gas
tube is adjusted so that the incoming air or oxyzen
is about one-half inch above the surface of tune liquid.
4, The tubing is attached and the alr or the oxygen is
taumed on. The valve is so adjusted that the bubble

rate is about 140 budbles per minute from a O.4-me.
glass tube

The apparatus may run for several hours or even longer if
necessary. Usually the armount of aldehyde which is put in will last
for about threes hours

The reaction chamber is washed and dried after it has been
used each day. It may be eaéily washed with hot water wnile it is
5%111 hot, and dried by outting air tarocugh tne chamber with a

suction pump.

CHEVICALS USHED

The chemical used was acetaldehyde from Will Corporation;
¥-butyraldehyde (vractical), from Zastman Kodak Company.

CXYGEN USHED

The air used came from the laboratory compressed air line.
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Tne following apparatus was used to oxidize heptaldehyde

in the vanor phase, with oxygen and air:

Due to the nature of hentaldehyde (b.p. 155 C), this appu-

ratus was found to be more satisfactory for conducting the vapor
nnase oxidation, than wes the apraratus used for acetaldehyde

and butyraldehyde.

®
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Tne avoaratus, s shown on tue preceding page, consists
of the following varts:
4. Indicator babbling bottle,

« filter.

Ce Aldehyde container flask, hsated by a beaker of boiling
watar.

-

De Beaction tube. The oxidation reaction continues vhila
the chemical is in the tube.

9. Condensation chamber, cooled by ice water.

OPIRATICH OF 743 APPARATUS

The following steps describe in brief the omeration of the
forementioned apparatus:

1. Water in the beaker (D) is heated to boilinz, and the ice
and water are out in the containsr (3).

S

2o Tube joints are checked, both tne inta:e and discharge tubes.
Se alr, or oxygen, is turned on, and the valve is adjusted

to ths bubble rate of about 140 bubbles per minute from a
Osd-memie glass tube.

O ICALS USAED

The cnemical used in this operation was heptaldenyde (tech-
nical), procured from Zastman Kodak Company.

VIEVILTYNY ATy AT
OJLY\I BN &5D AR

Both thes oxygen and &ir used in this owmeration were obtained

in the same way as that for the preceding experiment.



AVALYSIS OF 2H7 PROUCTS OBLAINAI
FRCLT TH3I OZIDATION OF
PROPALE AXD BUTAKE

The licguid collacted in tie cup just bslow thne reaction
charber, we shall call "i", is composed of the liguid compounds
which form in the chamber and drip into this cup. "a" has a
very sharp odor, & straw color, and samewhat resembles a very
light machine oiles It is scluble in water, acetone, sodium
carbonate solution and dilute acid solution. It is soluble in
concentrated sulfuric acid, and after a moment a re%ction takes
vlace, giving a brown color tco the solution. Upon stamding, "a"
slowly gives off & zas and the straw color gradually despens.
Then & portion of it is evaporated to dryness, a brown resinous
substance is left. This substance is soluble in water and acetone,
but insoluble in ether., "AM" doss not add bromine in a carbon tetra-
chloride solution, is oxidized by alkall potassium permanganate
solution, gives a positive iodoform test, does not give & visible
and characteristic reaction with a saturatsd solution of sodium
bisulfite, and gives & strong vositive test with the Puchsin-al-
dehyde reagent and the fehling solution reagent. It does not give
a nrecipitate vwith a clear saturated solution of lims water. It
liherates iodine from an acid votassium iodide sclution immed-
iately. "." contains an acid or a mixture of acids and a sample,
when titrated with 0.1 norral sodium nydroxide solution, using
pnenolrinthalin as an indicator, is found to contain 16.3 percent

acid witlich reported 2s acetic acid. "AM contains veroxides, since



T

it gives a strong positive test for neroxides when a freshly
vrepared solution is tested with titanium s:lfate. & solution
of "&", after standing for a while, doss not give the peroxide
test with titanium sulfate.

The licguid collected in the condensation chamber, we shall
call "B", is composed of the liouids condensed from the gas wihich
comes from tie reaction chamber. It is a clear, colorless watery
ligquid with a sharp aldehyde oder. The solubility of "B" is about
the same as that of "A", with the exception that the reaction with
concentrated sulfuric acid after solution is pot as great. "B"
does not leave a brown residue upon evapvoration to dryness as does
"a", This liguid "B" reacts with: bromine in tetrachloride,
alkali potassium permanganate, sodium bisulfite, fuchsin aldehyde
reagent, fehling solution, saturated solution of lime-water, and
potassium iodide solution about the same as does the "i" liquid.
"B" contains an acid as does "a", but when a sample of "B" was
titrated against 0.1 normal sclution hydroxide, using phenol-
phthalin as an indicator, it was found to contain only 4.3 per
cent acid reported as acetic acid. "B" contains peroxides, as
indicated by the titanium sulfate test; but not as much as does "ain.
Upon standing, tne peroxides in "B" decomposej thus a solution
of "B" vhich has besn standing for & while, does not give the

titanium sulfate peroxide test. "hen determined by distillation,
the boiling points of tne components of "B" range from approx-

imately 45°C up to and above 100° 2.
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The Use of Oxvven and 4irs There was no marked difference

upon the products "A'" and "B" when oxygen was used in place of air
in the oxidation process. The air-pyrofax gas ratio was 5 to 1,
while the oxygen-pyrofax gas ratio was 1 to 1.

The discharge zas scrudb water gives a positive test with
fuchsin aldehyde reagent, indicating the presence of aldehydes.
The sodium hydroxide test for acetaldehyde indicates the presence
of traces of acetaldehyde, by titrating for acid, as was done for
"A" and "B", a sample of the scrub water was found to contain O.l
vercent acide.

PaRTIAL ANALYSIS OF THE FRODUCTS OBTAIENZD

FROM THI VAPOR PHASE OXIDATION OF

i E. AT TR G

ACETALDEI YDA, JUTYRALDIHYDS AND ZIiPTALDAHYDR
ae then acetaldenyde was oxidized, as previously described,
both with air and witn oxygen, the following results were obtained:
Tne vroduct wés & clear, colorlsss solution, with a sharp aldehyds
acid odor, very soluble in water and giving an acid reaction with
litmuse It imrediately liberates iodine from an acid notassium io-

-
i

dide solu

P

ion, and 1t gives a vositive nesroxide test witn titanium
sulfats solution. If the product is allowed to stand for several
hours at rrom temrerature bafore testing, the maroxide test is

Bat 1f the solation is Reont on an ice-brine wmixture, the

reroxide 111 reraln for 4 waea longsr variod of tiue. The residue
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CONCLUSION S,



Tnen mrovane and batune {pyrofax) are oxidized in tuoe vapor
mase with oxygen and air in the pressnce of an electrical dis-
charge, acids, aldehydes, peroxides, wnd a hichly polymerized
substance are found among the products. The peroxide is unstable
at room temperature, but is reasonably stable at 0°C. Bither
oxygen or air may be used in the oxidation process with apparently

the same results, so lo the actual oxygen-hydrocarbon ratio

&
o
w

is 1 to 1.

The next step is to isolats and to identify the peroxide
and tien to determine vwhether the peroxide is a primary or a

secondary product.



4] -

Upon oxidation with air or oxygen, acstaldehyde, bytyr-
sldehyde and hsptaldehyde give & peroxide as one of the oxidation
products. These paroxides are unstable at room tempsrature; bvut
are rather stable when kept in an ice-brine bath. The peroxide of

neptaldehyde is the most stuable of the groupe.

The next step is to isolats and to identify the peroxides,

and to determine the mecnanism by which they are formed.

A ok %k
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