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This is a c omplete translation nf the original article. 

AUTHORS' ABSTRACT 

Equipment was ' designed with which oxygen pressures of up to 1500 atm . 
can be reached. With the aid of this apparatus 'some 'experiments of 
oxidation of cyclohexene at different temperatures were carried cut . 
The temperature at which freshly distilled cyclohexene explodes reaches 
150°, and this temperature may · be lower when the amount of the starting 
material .is higher or if it is left in cnntact with oxygen of the air 
for a Inng time. This .phenomenon is apparen~ly due to accumulation of 
pernxides accelepating the oxidation . . t1~ 'lMNSLAl l\ ) N IS b r,t" G l' UJ1NISHl:JJ ~'()I. 

pl\lv .... r .: us:: A:: .l P'£"::i,.:'RCf~ ONJ.Y. IT M,\' 
NOT BE ' SOLD (',t P'3BL!5HEu IN ".NY FORM 
WlTIiOIIT THE r>EP.MlSSION OF THE' AUTHOl\. . 

,aoPE!lTY OF. SU TRANS1:ATION COO'I& -

R'eactions with compressed ')xygen reported in the literature were per­
f ~rmed at .pressures of 100-170 atm. a nd oxygen was used in mixture with 
an inert gas '(1, 2,3). Only Finke lnburg et al (-4) succeeded in reach­
i ng a pressure of 600 atm. in invest i gating the abs orption spectrum 
0f c ompressed oxygen. Indications were f ound that under these con-' 
d i tions 04 molecules may be f or med and the intensity of the band~ ·in 
abs ortpion spectra ascribed t o these molecules increased as a quadratic 
functi on of pressure. 

Abs orption 'spectra of .c ompressed .oxygen are under' 'study by one of the _ . 
present authors in c ollaboration wi t h A.F.Prikhot'kn; at pressuresof --

. 6P~O-l'OO 8 tm. a rapi<i i n",'e •• e t>!' intensity of the · band." with rise of : .. ~ . 
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pre'ssure is ·observed.. The results just1.fyan assumptiop that at pres­
sures ot 3000 atm. and higher oxygen ~ill be present. exclu~ively in the 
torm of O. molecules. Accordingly, work was started on the construc­
tion of equipment suitable tor the use . ot oxygen under pressures 'up 
to 3000 atm., which will be descr i bed in a separate communication. ' 

The design of this apparatus vas based on ,the authors' experience 
gained in vork with -oxygen under 1500 atmospheres pressure. ·In the 
course of development ot this equipment obstacles enc.ountered were 
solved to varying degrees. One of the difficulties consisted in 
finding a liqu1d for transmitting the p~es.sure and at the same t1me 
suitable for serving as a lubricant for the moving parts of the high · 
pressure. pump, because the use ot oil was precluded by the presence 
of oxygen.. A second problem consisted in findlng a suitable materlal­
for packing, · and a third ·· in removing all traces of fat from the, 
parts of the equipment, while a fourth problem involved sufficient 

·protection from explosion "and from fragments should an explosion of - --.. ,-­
the apparatus occur. Other problems of smaller' significance were 
encountered w.hich are not mentioned here. . . 

MercUry could not be \lsed a·s a fluid for tra.nsmi~t1ng pref!sure, as 
done by many investigators in compressing gases, . since some experi-

. ments unavoidably lead to explosions and mer~·ury could be blown into 
the., laboratory. Glycerin was selected instead, ,which vas ·used after 
two careful vacuum distilla tiona. However,. pure "glycerin crystallIzed 
out in the steel capillaries at .about 10 0 unde~ a pressure of 1500 atm., 
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Fig. 2. 
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which was r.a ther unexpected because Tammann .·and co-workers (5) report­
ed great dif.f'iculty in crystalliz·ing this compound~ On the other hand, 
under high pressure its melt~ng point insr~ases (for ~enzene the melt­
ing point rises from 5.4 0 at 1 atm. to 90.6 0 under 4000 atm. (6». 
Accordingly, crY1;ltallization of glycerin .can easily be explained. ' 

. ,~ 

In the further work gl.ycerin was used in the form of a 50 per cent 
mixture with distilled water; pure water was not desirable, because 
the corrosi.on of steel gr.eatly increases in its presence. The oxida­
tion ·stahil i ty of gly~erin was also unknown, and the experiments con­
firmed the theoretically possible f'urther oxidation of ~his compound. 
In one experiment a violent exp16sion took place in the . reaction . 
vessel and the shock wave, the pressure ' of which was assumed by the 
authors to be of the order of 100,000 atm., passed through the steel 
capillary i nto the bomb containing oxygen over glyqerin and brought 
about· its part-laL- explosion on' the surface with ensuing destruction ,. 
of the entire apparatua. The temperature developed in the explosion 
was apparently very high, because the steel of the cap.l11ary and the 
bomb l-18S partly mel ted by the hot gases. In addition to this phenomenon, 
a slow oxidation of glycerin to glyceric acid took place at room tem-.-·· 
perature and 1000-1500 atm. pre'ssure, with consequent extensive cor- :.: 
rosion of the equipment. The latter could easily be prevented by 
frequept changes of the glycerin for transmitting the' 'pressure because ' 
accumulation of glyceric acid is slow. . . 

e 
Fat-free asbestos impregnated w'ith pure glycerin was used as packing 
material. In the high pressure pUmp which does not come in ~irect 
contact with oxygen fat-free leather was used as packing in the stuff­
ing box of the piston. The pisten was satisfactorily lubricated with' 
a mixture of' water and glycerin •. 

Special attention was paid to removal of oil from all parts of the 
equipment. A dropl~t or" oil in ohe of the valves led to an explosion 
and destruction 'of the pipeline. The apparatus was ' kept in a steel 
safe with a specially constructed labyrinth for the easy elimination 
of:· ·the sound wave after it had been reflected twice, which removed 

. the danger of tearingofr the steel sheets or the sare in case of an . 
explosion. It was found·that at the moment of an explosion one 'coulQ 
st-ayclose to the safe witho'ut danger and even observe the explosion: 
through a plex i glass .window. All fragments remain inside the safe. 

The safe consisted of a small steel room inside the . laboratory and . 
its walls were made of 15 nun. ' sheet steel. All valves and othereq'utp­
ment could be manipulated from the outside and the observation or the 
apparatus and manometer through the window mentioned above~ The door 
of the safe was closed throughout the experiment. 

Ftg. 2 show·s . the appara tus. The motor-driven pump ' A passes rrom t~e · 
beaker the mixture .of glyc erin and water through the valvesB and 
C into the rec 'eiver : D, which constitutes ~ steel bomb .of internal '· 
diameter 50mm. ·and 400 mril. high. Th,e liqu'idpassing from the pump 
tC'. ~·t~e :fec·.eiv·e;r' ' ~('Ies ' through a , st.ee,l pipe. reaching tpe ·bottom of ' the .. 
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r 'eceiver. Before starting the pump the receiver and ' the entire equip­
ment are filled with oxygen from a tank under a pressure of 100-150 
atm. After this operation, the bomb is shut off from the rest of the 
equipment with the aid of the valve G~ The manometer E shows the 
initial pressure in the apparatus. ' After the pump A is started, 
the liquid passlng into the receiver D compresses t 'he oxygen to' 
the required extent. 

A drawbaCk in this method consists in ~ the loss of some oxygen, which 
is dissolved in the pressure. transmitting liquid'- The' oxygen passes 
under 1000-1500 atm. through the valve M into, the reactor not shown 
in the figure. The latter is acyl inder of sta inless steel, of in- , 
ternal diameter 10 mm., external diameter 30 mm., and 140 mm. high. A 
general view of it, incl~ding the packing, is shown in Fig. 1. For 
heating it is immersed in an oil bath ~ith the aid ,of a pulley outside 
the safe. ' 

The compound to be oxidized ,WB placed 
latter into a re.actor, after which the 
on its cap and connected to the valve 
capillary 0.5 x 5 mm. 

Oxida tion of c:rc lohexene. 

into a glass test tube and the 
reactor was closed by screwing 
M with tb~ aid of the steel 

Exploratory experiments i-lere performed of oxidation of cyclohexene 
with oxygen under up to 1500 atm. According to literature data, cyclo­
hexene~ pure or in solutiort in acetone, will be oxidized to adipiC 
acid when 0~Y3en is passed through it in the presence of osmium or 
tellurium. Simultaneously, small amounts of adipaldehyde, cy,clohexanol 
and similar 'substances are also formed (7). It was recently shown (8, 
9) that slow oxidation of cyclohexene involve.s an intermediate step 
of formation of peroxides. 

. . . ~ 

Cyclohexene for the experiments under report was prepared br' dehydra~ ' 
tion of cyclohexano1. Its boiling polnt was 82-83 0

; n(20/D), 1. 4497. -

In the first experiment 0.5 g. cyclohexene in a glass tube were sub- :, 
jected to a pressure of 1000 atm. at 12° for 4 hours. No changes w~re 
observed and the refractive index remained th$ same. In the second 
experiment a similar sample was treated under the same pressure ,at 50° 
for 4 hours '-lith ,no 'apparent change in the sample. Its refractive 
index was not affected. Further, an 0.5 g. sample of cyc10hexene "ras , 
hea ted for 5 hours to 100 0 under the above pressure, whereupon yellow'­
ish crystals were ,found in the tube. The liquid "had ' an n(20/D) 1.4518. 

, In experiment No. ' 4 the tempera ture wa s ra ised to . 150 0
, other condi- " 

tions being the same. After 3 minutes, an explQsion tpok placa in the 
reactor , upon which the product was found to hav~ been carbonized. In 
the expe~iment No. 5 the temperature was again reduced to' 100° and, 
the pressure left at 1000 atm. After 1 hour the 2.4 g. ,sample 'of 
cyclohexene explods9 under these.?onditions~ ' In the ' experim~nt '- No. 6, 
,2.'4 g. cyclohexene were charged lnto, a glass test tube at -5 " _ 
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and heated to .50 0 under 1000' atm. An explosion tookplacear'ter 2 
hours ,. 

The conclusiop which the authors believE; to be '. indicated by these 
exploratory tests is that cyclohexene is not oxidized by oxygen under 
pressures up to 1000 atm. until a 'temperature of .50 0 is reached. At 
higher temperatures a very slow oxidation takes place, the rate of 
which apparently greatly depends upon the presence of peroxides. 
Accwnu1at l on of the latter substantially accelerates the oxidation and 
leads to an explosion. 
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