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process, although some attention h&a been paid to it (3).
The possibllity of using purely synthetic metallo-
organic compounds of the chelate ring type that are similar

to hemoglobin was considered a feasible solutlon to the
problem. Materials of this type are little known, only two
are wmentioned in as meny articles in the literature; neliher
article is devoted entirely to the oxygen-cerrying property.
Phis field is truly virgin. |

The first synthetlc oxygen-carrying material was
prepared by Kunz and Kress (4) by heating iron carbonyl with
indigo in pyridine sclutlon, thus expelling carbon monoxide.
This material, an irom-indige compound, ylelded s red
solution in pyridine whiech, on exposure to alr, sbsorbed one
mole of oxygen for each irom atom present. The solution
turned green in the proeess. The oxygen was only loosely
held for it could be removed by applylng a vecuum, the color
reverting to the original color as the oxygen was released.
This material also absorbed carbon monoxide thereafter being
insctive toward oxypen. The masbterial was quite unstable
toward oxygen undergolng gredusl oxidation so thet the
solution lest its oxygen-carrying property after a few
eycles. These properties are the same as those of hemo-
globin; ﬁhas, the iron compound of indige is a most unlque
respiratory model.

During the pericd 1920-193% Pfeiffer and coworkers (5)



- prepared a large number of metallo-organie coordination
compounds possessing a 33@11@ or *chelate ring” structure.
Hany of these wers gquadridentate in Qhafaater, that is

the mebal in them was attached to the organlie portion of
the wmolecule forming a trieyeclic ring system with the metal
at the center. One compound, & cobaliy derivative of
salicylaldehyde and ethylenediamine, was reported to become
black on exposure o the atmosphere.

This meterial wes investigated in more detaill by
Tsumaki, one of Pfeiffer's students, on hls return to
Japsn {8). By the simaltaneous interaetion of cobalt
acetate, aaii@ylaiﬁahyﬁa and ethylenediamine Tsumaki
obtained a brown material whieh he recrystallized from
benzene and frowm chloroform. The red-brown erystala’sa
obtained became dark brown in dry air, taking on weight at
the same time. In & vacuun desiccator the erystals remained
red-brown indefinitely., By first allowing these crystals
to stand in alr until dark brown and then heating %o 1QG°
Paumski was able to obtain oxygen and cause the orystals to
return to thelr ari@iﬁél welght and color.

Tsumaki recognized the charsoter of the reactlon as en
oxygen additlon to the cobalt atom itself and indicated
that the linkage was quite in apalogy with the bonds in
oxyhenoglobln. Prom & number of deberminstions he concluded

that the material combined with one~third of an oxygen



molecule per cobalt atom. Tsumaki devoted some further work
to the measurement of the absorption speoira of various
solutions of this material bub otherwise evidenced little
interest in the msterisl either Lo prove m@Wwwwﬂwww its
compesition by caereful apalysis or to determine if the sycle
gould be repeated.

During the spring of 1932 Diehl, working ai the
Upiversity of Michigan, prepared iLhe copper, nickel and
ferrous iron derivatives of mmwmwwmwwwwmawwwﬁwmwwwﬁwmmw the
gondensation product of salloylaldehyde and ethylenediamine,
Unfortunately he did uwot prepare the cobalt compound being
primarily interested in the possibility of using the
compounds in the analytieal chemistry of copper and unickel,
elements of coordination number four. On the appearance of
the Pfeiffer, Breith, Lubbe and Tsumeki peper (7) he
abandoned this work. He returned to this field in the spring
of 1938, following the puvlication of the Taeumakil paper,
Mmdwﬁm in the meantime published a review of the general
field of the chelate ring compounds (8).

The possibllity of using wmelallo-organie compounds of
the chelate ring type Tor the recovery of oxyszen from the
abtmosphere ovcurred to Diehl in 1938 and he secured funds
for sueh work from the Purdue Resesroeh Council. Although
the irop-indigo compound deseribed by Kunz and Kress and

the metal phthalosyepine compounds were first marked for



investigation, the publication of the Tsumakl work diverted
attention to the ocobalt derivative of disslicylalethylene-
diimine,

During the fall of 1938 at Purdue University Chao and
Diehl {(9) investigeted disalicylalethylenediimine cobalt and
a great number of closely relasted compounds. This work is
embodied in seven reporis which are st present being prepsred
for publication. Cheo and Diehl showed that the oxygen=
carrying caepacity was well sbove the value obtained by
Tsumakl, that the msteriel had an oxygen-carrying capacity
éﬁpraaaniﬂg'anenhalt molecule of oxygen per coball atom.
They also showed that the sbsorptlon of oxygen and the
subsequent release of oxygen could be repeated many times
without apperent decomposition of the cobalt compound.

Thelr chemiocal analysis showed that the umterial they
obtained ﬁight contain one-half molecule of water per cobalt
atom. Thelr method of preparastion wss essentially thet of
Teumaki bat,th@y showed the benzene recrystellization weas
unnecessary, in faot, undesirable for masterisl of high
capasity. Their preparative methods gave better but still
erratic results.

The work of Chao and Diehl was continued by Hech and
Diehl {10) at Iowa State College. They used the same method
as did Chao and Diehl for the prepsration but obtained better
materials prinelipally through practice and better equipment.
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They developed & new oxygen-cerrying ﬁemp@aﬁﬁ from
S=nitrosalicylaldebyde, ethylenediamline and cobalt acetate,
and showed that S-nitrosalieylaldehyde when used similerly
did not give an oxymen-cerrying meterial. They developed
new methods for the mﬁaﬁﬁramgnt of the capascity of these
materials to absorb oxygen end began work to determine the
rate of oxygen absorption from atmospheres of alr and of
oxygen, They studled the effect of light of various wave
lengths on the msterisl snd showed that absorbed oxygen
could be liberated by infra-red ramdiation, They alsc nade
saveral mechanical devices using these materials for the
recovery of oxygen from the atmosphere.

Hach and Diehl adopted the simplifled name Co~0x for
disalieylelethylensdiimine cobslt and Co-0x X3 for
di~(3=hydroxy-3-nitrobenzal) ethylensediimine cobslt. These
names and similar ones for new compounds will be used for
- gonvenience throughout the remainder of thisg paper. The
chemical name will be used only to establish the constitution

of the oxygen-carrying compounds as they are developed.



EXPERIMENTAL WORK

Object of the Work

The object of this work was %o expand and develop the
knowledge on synthetic oxygen-carrying materials. As the
work unfolded three major phases of the problem developed:
the development of new methods for the synthesis of
disalieylalethylenediimine cobals, aaméx, which would
produce a materiasl of high oxygen-carrying capacity in high
yield from cheap and availsble materials; the investigation
of those chemlioal and physicael properties which would
establish its exact chemical comstitution or ald in epplying
Co~0x %o the recovery of oxygen from gaseous mixtures; and

finelly, the development of new oxygen-carrying materials.

Methods for the Synthesis of
Disalieylalethylenediimine Cobalt {Co-0x)

The methods in use or under aa&ﬁi&&r&ti@ﬁ by Hach and
Diehl were three in number and differed in the order of
addition of the three reagents used to form disalicylale
ethylenediinmine cobalt.

Method A involved the simultaneous mixing of cobalt
acetate, ethylenediamine snd sallieylaldehyde, each dissolved

in an slcoholwwater mixture in such concentrations that the



solutions ocould be well mixed in the time required for the
precipitation of disalicylslethylenediimine aaﬁalt to bake
place, This method was considered ideal in that it was a
one~step procedure, It gave good ylelds but the oxygen~
carrying eapaoily varied greatly.

Method B involved the prﬁlimiﬁary preparation of the
condensation product of salicylaldehyde and ethylenedlamine
{Schiff's base) and thereafter the conversion of the
condensabtion product into the oxygen~-carrying cobslt compound
by reseting & solution of it in asloohol with a solution of
cobalt scetate in weter. The twe steps in this procedure
made it considerably longer than method 4, but it assured
thet equivalent amounts of salicylaldehyde and ethylene~
dilanine were reacted.

Method C involved the preliminary preparation of cobalt
galicylaldehyde end thereafter itis comverslon to the oxygen-
carrying cobalt compound by causing it to reaet with
ethylenedlamine. Like method B this was a two-step process
but also asﬁureé that equivalent amounts of salieylaldehyde
and cobalt would be brought together.

A systematle investigation of the following factors was
conducted: |

1. ™ae purity of the reagents used.

'a. The effect of an excess of any one of the three

reagents in method 4 and of an execess of one of
the two reasctants in methods B and (.
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3. The order and rate of additions of the reagents
' in method A end in the fipal step of method B.

4. The temperature of the solutions at the time of

~ mixing in method A and the flnal step of method
B.

5. The amount of solvents and the ratio of alocohol
to water in the solvent in method 4 and the final
step in method B. ,

6, The presence of air at the time of mixing for
methods A and B anc during the subsequent period

 of stending.
7. The time of standing between mixing and centrifuging.

8., The efféat of cooling the reaction mixture before
- ecentrifuging.

9. The composition of the liquid employed in washing
the material after centrifuging the mother ligquor,

10. The extent and manner of washing the material.

1l. The manper of drying the material after washing,
This investigation showed that method C was gulte
impractical as & sulteble solvent fTor cobalt salicyleldehyde
could not be found, The investisation of each factor was

carried out holding all other fasetors as constant as
possible, Each will now be discussed separately.

Fector 1. The investigation of the three reactants
shewaé that the cobalt acetete and ethylenediamine were
sufficiently pure for the yreparatiéna but that the
salioylaldehyde as received from the menufescturers contained
as high as 12 per cent impurities consisting of a strong
acld i?rahaﬁly hyﬁreﬁhlﬁria} in smell emounts, salicylic
acld and ehlorosslicylaldehydes. Inveriably tha best
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preparations were obtained when freshly distilled saliecyl-
aldehyde wag uged. ,

Eﬁ@tﬂr 2. A4n excess of any reagent but cobali acelats
in the preparations was found to be detrimental o the
CoxXygen-carrying capacity. T&é cobalt acetate was found to
be easily weshed from the ceke in the gentrifuge during the
washing ézeg by either slcohol or water.

Factor 3., The order of addition of raaataagé in
method A found to gzive the best ylelds and highest oxygen-
carrying cepasities was @ﬁﬁy}an&diamiae to the cobalt aﬁgt&%&
followed without delay by the salieylaldehyde. Por method B
the additlon of the cobalt acetate to the aleoholic solution
of the copdensation ﬁr&éuet,,&iﬁaiiaylaletﬁylaaediimine; at
a m@d&éa&a rate with vigorous s%irring was found to be best.

Factor 4. The reactions for both method 4 and nmethod B
- were found to proceed best when the solutions were near
their boliling geiasﬁ,'

Factor 5. A general sitatement only can be made sbout
the amouant $f $&1?&ﬁtf Ag the amount of solvenl was
inereased, the yleld was reduced but the product hed a
slightly better oxygen-~carrying capaecity for both methods.
The important fact that an oxygen~carrier cannot be formed
in non~aqueous solvents was found in the study of the ratio
of aléaﬁal t0 water in these preparations. BRBeat results

were obtained when the final alcchol concentration was 60
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to 70 per cent by volums.

Factor 6. Alr in contsct with the material when wet
with water and more so with an aleohol-water mixture was
found %o produce a black oxzidation product. This black
material was not an oxygen-carrier. th‘camyaaitian gould
not be determined.

Factor 7, The umaterial could be allowed to stand out
of contact with eir over long periods of time without
spparent ﬁh&nge.

Factor 8. GCooling the reaction umlxture before centrifa-
ging slowed the filtering process and hindered the ramava;
of soluble lmpurities,

‘Factors 9 and 10. It was found that a repid washing
with boiling water on the centrifuge gave the best préaust
and sided in the {insl drying step.

Fector 11l. Vaouum drying of the material after washing
was found to be 1desl althouzh later studies showed that a
satisfactory product could be obitained by rapidly drying %the
materisl in air by means of iﬂfra*xaa lamps.

 Using the above investigzation to produce materiasls under
ideal conditions for each factor studled still resulted in
meterisls of widely varying oxygen-carrying capacity and in
varisble yields. The factors were ?eviewaé and each product
examined., From the observetions another factor was added to

the list., It might be called the acidity faotor arising



from the acetic scid liberated by the reaction,

The general methods of preparation A and B were changed
to include sodium hydroxide tb«neutraliza the acid giving
Tive methods sllowing for the order of addition of resgents.
Briefly the gensral methods were as follows:

A {a). Cobalt acetate, ethylenedlamine and salieyl-
aldehyde were made te}rsa@t and the acidity due to the ascetic
acid rarmﬁﬁ was removed by edding sodium hydroxide.

A {(b). The sodium hydroxide end salicylaldehyde were
mized and added to the cobalt acetate and ethylenediimine,

A (e). The sodium ngéraxida and ethylenediamine were
mixed and added simultaneously to the cobalt acetate with
the salicylaldehyde,

B (g). The condensation product, disalicylalethylene~
diimine was dissolved in aslecchol and water, rescted with
cobalt acetate, and the resulting acidity reduced by the
sddition of sodium hydroxide.

3,(&}; The condensation product, disalicylalethylene-
dilimine, wae dissolved in alcohol and water along with the
sodium hydroxide and the cobalt acetate (as found later any
cobalt salt will do] dissolved in water was added slowly to
this solution.

Of these methods the one designated as B (b) proved to
be the most successful, producing an oxygen-carrying materisl
in good ylelds, 60~70 per cent, with an oxygen-carrying



capacity of 4.80 per cent by welght. This method has been
developed and uged widely 1in later studies for the prepa-
ration of new oxygen-carrying materials., It naé,bean |
modified for the production of disalieylslethylenediimine
gobalt Yo eliminste the nscessity of using aleohol, The
‘agueous preparations resulted in inaraaseﬁ yvields, to as much
as 95 per gent of the theaxétigal, Both methods for the
synthesis of disalicylalethylenediimine cobalt will be given
using the directions for each as found to sive the best

resultsa.
procedure for the preparation of disalioylal-

sodunmende
sthylenediimine.

An amount of 244 g. of salioylaldehyde is dissolved
in 1 1. of 85 per cendt ethyl aloohol and hesated o ﬁﬂﬁa TO
this solutlon is asdded while stirring vigorously 78.0 g« of
ethylenedlamine hydrate dissolved in 100 ml. of water. A
yellow precipitate forms hardening the whole solution into
a s0lid cake., It 1z allowed to cool at will to room Yempera-
ture. The cake 1s then %raken up and the ligquid filtered
off. The precipitate is aried in air., M.p.: 123 . Yield:
about 240 g., 90 per cent.
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Recomuended procedure for the preparation of Co-0x by the
a;&eﬁol method.

An amount of 26.8 g. (0.1 mole) of disalicylalethylene~
diimine 1s dissolved in 500 ml. of not 60 per cent ethyl
sloohol solution conteining 7.5 g. of sodium hydroxide and
2-3 g, of sodium acetate {Eﬁ&,§,$¢~5ﬁ,9). To this is added
while stirring vigorously 24 g. of cobald ahi&riﬁe
(CoCl,*6H,0). A red-brown precipitate forms immedistely
hardening the whole solution into a thick gel. The gel ié
covered with water and broken by stirring. The precipitste
is best filtered on a baskel type centrifuge in such &
manner that the crke 1& not exposed to air until all the
alcohol is thoroughly washed out with hot distilled water.
The oake is alléw&& to centrifuge ss dry as possible and
then removed and dried in thin layers in a high vacuum oven
at 1éﬁe. This materisl carries 4.79 per cent &xygeﬁ. |
Yield: 25 g+, B0 per cent., | |

Reconmen

é¢ed procedure for the preparstion of Co-0x in

aqueous medis.

An smount of 26.8 g. of finely powdered disalicylal~
ethylenediimine is dissolved in 1500 ml. of water heatsd to
95~1@9’ containing not less than 7.5 g. and not more than
7.9 g. of sodium hydroxide and from 2 to 3 g. of sodium
acetate (NaC,H,0,°3H,0). The solution should be complete in
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five minutes and should not be bolled unless the wvapors are
refluxed. To this solution is sdded 24 g. of reagent grade
cobalt ohloride {(CoCl,*6H,0) digsolved in 100 ml. of warn
water., This solution is added slowly with vigorous stirring.
An orange precipitete that changes to & red-brown precipitate
is Tirst formed. This mixture is stirred for five minutes
then filtered while still hot, preferably on a basket type
centrifuge, The preeciplitate 1s washed with boillng water in
such & manper thet the cake is covered al 211 times, and is
centrifuged as dry &8 possible, The cake lg then removed
and dried in thin leyers ln & high vaseuum oven &t lﬁﬁ§. The
material carries 4.79 per cent oxygen. Yield: 31 g.,
94-96 per gent,

Either of these procedures results in 2 brick red
isomer of the oxygenecarrier if an excesg of alkalil is used.
This material will be considered more extensively in the

section on sterecchemical considerstions,

Properties of Co-0Ox

The property of Co-0x that mekes it & most interesting
material 1s its thermo-regenerative reaction with oxygen and
the physiecal changes assoclated with this reaction. Co-0x
ag it comes from the vacuum drying oven following its

preparation is cinnamon~brown in color. When sxposed to alr
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it sbsorbs oxygen, turning blaeck simultaneously. If this
black material is heated, oxyzen is evolved and the Co=0x
is obtalped again. 3Since thils process is like the common
hydration-dehydration process of hygroscopic materials it
has been properly termed as an oxygenation-deoxyzenation

process.

The smount of oxygen absorbed has been found Lo depend
upon a aumber of factors; the first is obviously the compo~
sition of the umaterial and the remalinder: the amount of
oxygen in contaet with the material, the temperature, the
pressure and the length of time of exposure to oxygen. If
the gas from which oxygen 1s extraeted or 1f the material
is not dry then moisture is an added factor. Under proper
conditions the amount of oxygen absorbed reaches a maximunm,
this value being known as the oxygen capeoity. The accurate
evaluation of oxygen ecepascity has been instrumental in

finding bvetter methods of preparing the oxygen-carrying

materials.
,?hﬁ‘mﬁ&ﬁ fa:,ﬁﬁ,gi‘szgaﬂvQ&pa@itx,

The method used by Chao and Diehl and later by Hach and
Diehl furnished one of the best methods for the measurement
of the oxygen capacity of Co-Ox. This method wes not directly
adapteble to materiasls developed later in this work but
served as a standard for aa?elapiﬁg apparatus for testing
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thoge materials,

Co=0x is sufficiently unreacitive toward oxygen in air
at atmospheriec pressure and room temperature so that it may
be welghed in the deoxygenated form. Purthermore, if
oxygenated it reteins its oxygen when exposed to alr at room
temperature. Thus, it way be weipghed, oxygenated and
deoxygenated, and the gain in weight determined., It is only
necessary to subjeect Co~0x to conditions between thege

Recommended procedure for the oxygen gapacity of Co~Ox.
. fan
A sample of Co~0x is heated to 100 in a good vacuum to

constant weight., For this purpose the Co~0x may be carried
in an appropriate boat holding about 10.0 g. placed in a
steam Or electrically heated vacuum drying pistol. The
boat ig then transferred to a vacuum deslccator and allowed
to cool for 30 minutes. It is then removed from the vacuum
desiccator and weighed repidly in air. The boat is then
hraﬂsferrad t@ a screw cap bomb and an oxygen pressure of
ebout 200 p.s.i.g. {pounds per square inch gege) applied.
This operation should ﬁaké at least ten minutes. The
pressure is then released, by means of a velve provided for
the purpose, at a ressonably slow rate, otherwise, some of
the Co~Ox may be blown from the boat. The material is then
transferred to a desiccator and sllowed to stand for at

least 15 minutes. This step is very important and has been



overlocked as a source of error. The boat 1s then removed
from the ées&eeaﬁay and weighed as before in air. The gain
in welght divided by the sample welght times 100 is the

per cent oxygen aapaai%y, A good preparation of Co~Ox will
absorb 4.8 per cent of its welight in oxygen.

The value s0 obtained is s correct one as was shown by
several experiments, The Oxygenated materisl wes heated to
@ﬁa in a good vacuum {in other experiments to ﬁﬂa in dry air
or %o ﬁ@n in oxygen}, eooled to room temperature and re-
weighed; no change in welght was observed. This 1s sufficlent
evidence that an apparent loss in weight observed between
weighings made immedlately following removael from the bomb
and welighings made after 15 minutes was due to causes other
then slight deoxygenation, 1In fect, this difference was
traced to two csuses. The expansion of the oxyzen in the
boaud from 200 p.s.i.g. to atwmospheric pressure Qas found to

coel both the material and the boat, end %o lead to a

The oxygen oecluded in the freshly oxygen=-
ated material, having a greater weight then eir, was found
to affect the welght.

Constitution of Co-Ox.

The amount of oxygen absorbed by the hest preparations
of Co-0x was 4.80 per cent. The theoreticael cepaeity isg

4,94 per cent assuming that one molecule of oxygen was



absorbed by each two molecules of sobalt eompound, that 1s
an atomie ratio of ¢obalit to oxygen of one to one., The most
obvious explenation is that the deoxygenated compound
probably contained wabter, perhaps in such a manner as to
éaaple the two cobalt atoms and &rraége them in such a
manner as $o absorb the oxygen, This would require a half
molecule of water per cobalt atom and decresse the oxygen
capacity to 4.79 per cent.

Hach and Diehl made meny unsuccessful attempts to
prove the presence of this water by heating the nmsterial in
a high vacuum and passing the geses through dehydrite but
only managed to obtain s yellowish oil due to decomposition
at high tenperaturs. ;

Pollowing the researches that resulted in censistent
preparations of 4.80 per ecent oxygen capacity, complete
anelyses were mede to fix the constitubion of the oxygzen~
carrying material, A saumple of Co-0x made from recrystalized
disalicylalethylenediinmine and nickel free cobalt sulfete was
analyzed for nitrogen by the Kjedahl method, cobalt by
ferrocyanlide electrometrie titration, carbon and hydrogen by
the macro Liebig combustion method, and oxygen capacisy by
the method given earlier in this thesis. The average of

six results for each constituent are given in Table I.



Table I
Analysis of Co~0x

Molecular Welght

Pound Caleunlated from
Constituent  Per Cent Anslyses
Nitrogen , 8,39+.03 334
Cobalt 17.69+.058 333
Carbon 58.01%.10 331
Hydrogen 4.30+.08 328
Oxyzen Capacity 4.79+.01 333

The molecular welght of the materiel from the combi~
nation of cobalt with disalicylalethylenediimine would be
325.23 indicating that there are spproximately w‘ﬁmwmmmwmn
welght units unaccounted for. It has been found convenient
to consider thls portion as one-half molecule of water per
gobalt atom even though the hydrogen anslysis is considerably
low. This topic will be undertaken sgein in & leter seection

entitled, Stereochemical Considerstions.

In an effort to prove the presence of water in the
molecule, & nunber of attempls were made to produce the
oxygen carrier ww non~ggueous solvents. For this purpose

absolute alcohol, the only selvent found in which eobalt
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chloride apd disalieylalethylepediimine are both soluble,
was chosen. Three materiels were obtained in this study:
the first and by far the most important was a very drilliant
orange material, The second, an egually brillisnt green
material, was obtained from the orange by reacting it with
hydrogen chloride gas or by bolling the solution in whieh
the orange materisl was praparé&. The third was a deep
purple, eorystslline materisl which proved toc be identical
t0 the red isomer obtained by ﬁﬁiﬁg too much alksli in the
preparation of the oxygen-carrying materlal (Co~-0x).

The orange material was studied thoroughly for its

material. An emount of 26.8 g, of diselicylalethylenediimine
is dissolved in 600 ml. of absolute zloohol and to this is
added 13. g. of anhydrous cobalt chloride dissolved in 200
ml. of absolute alsohol. The solution is stirred vigorously
during the addition and then for abeout e minute. Best
results are obtained in an etched besker whem the walls are
rubbed vigorously with the stirring rod. The mixture is
poured into a Buchner funnel, filtered rapidly, and, as soon
as the mother liquor has been removed, washed with hot
absolute alcohol, The material drys on the funnel in several
minutes and should be & very brilliant orange in color.

Yield: about 1.5 g., or less than 5 per eent.
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The criterien of purity for this material is its coler.
No method of faurther purification was found. This masterial
formed in the aleoholic solution with the generation of
eonsiderable hydrogen chloride whieb reacted with the
remainder of the materisl inm solubion producing a green
material of wanknown conmposition. It was obtalined by heating
the solution and filtering. The green material was also
obtained by exposing the orange material to dry hydrogen
chloride gas. It turned dark green even for very small
amounts of hydrogen chloride absorbed.

The orange and green compounds possessed some very
interesting reactlons. The orange material rsaétaﬁ with
hot water preoducing en oxygen-carrying material of high
oxygen capacity. This resction was never carried out in
smounts large enough for exact determinastions of the oxygen-
carrying capacity of the product resulting from treatment
with water since the orange material was too difficult %o
prepare. The oxygen-carrying capacity of the material so
produced was at least 4.6 per sent, however. Accompanying
the formation of thls active material there was formed .
eobalt chloride which passed into the filtrate.

The green material rescted with water in somewhat the
same manner as the orange materlal glving an éxygaaﬁearryiag
material that carried only 3.3-3.4 per cent oxygen. The
filtrate wes distinetly acid and contained some cobalt and
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some organlc material

The analyses of the orange and green msteriasls were
made for cobult by ferrocyanide electrometric titrationm,
nitrogen by the Kjedahl method, and chlorine by the
Them@sanwcak@al@ method. The results obtalned on the
orsnge material were good enough to assume thet the ratio
of nitrogen to cobalt to chlorine was four to three to

two.

Table II
tnalysis of the Orange Material

Analysis Found Theoretical for
Cobalb 20.90 22.62
20,92
Nitrogen 7.25 7.1%
i 7.14
7.10
Chlorine 9,142 9.12
9.14
8‘?5 oL L o

%A blank of .75 per cent has been
applied. It was found for the
reagents and g8 1.0 g. sample of
disalicylalethylenediimine,
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The composition corresponding most closely to the
results given in Table II ls:

0
me” N

1//’ \gia
I 4 ,cg | co

N /f\é m’n oy &

"O sal

Similar compounds in which metal atoms are joined through

blcovalent ehlorine atoms are well known in the ooordinastion
compounds of platinum and pallasdium but have not been

previously extensively reported with cobalt.
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The formation of the green compound from the orange is

probably due to the reaction:

_ — _
KwGQ O*ﬁ«ﬁ 6~H
I I
H N ©0 £1 0 XN_ _H c1 o ,w /
TN N RS \! 7 ‘ol | ®
I ,Co Crzz o Co 2HC1 =2 co | Co/2
/ / '\ AN /G.’\‘ﬁ /' \\ C:ﬁ
H ? cz 9 N H ¢l o N 'H
u 1 I
Hucs-»O C-H -C~H
. ] L ]

Cobalt compounds in which two halogens are attached in this

manner are green.
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The resction of water on the orange meterisl is

prebably:

H N O H a , H
T N v Re “olm
| Co H,0 . | \,ca ‘Ge |
ﬁ-,-a I | N c-—a
u '
ﬁ~c~O O»s—-ﬁ
+CoCl,

The product is thus the same as the oxygen-cerrying compound

obtained in aqueous medis, il.e., Co-0x.

Other ghemical properties of Co~0x.

Co~0x was found to displey several other thermo-

regenerative reactions besides that with oxygen.

In much

the same manner Co~0x reacted with water, chloroform and

pyridine forming a hydrete, a chloroformate and a pyri-

dinate respectively.

The hydrate is not particularly
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stable, the waster belng eliminated at atmospherlie pressure
below lﬁﬂ’* Sueh a dehydration ocoours ﬁﬁriﬁg the preparation
of Co-0x and le known as the "activation” step. Tsumaki
desoribed the ohloroformate and 1ts regeneration while
Calvin {11) deseribed the pyridinate prepsred by directly
mixing water, pyridine, salicylaldehyde, ethylenedlamine
and cobalt chloride and recommended 1t as a good method of
preparing Co-0x. This method has been found unsatisfactory
in this laboretory. The compounds wlth chloroform and
pyridine are of some academic interest but lmpossible to work
with praoctically on a large scale. 7
Co~0x reacts with dilute alksli to form a bright red
material thet has been found by Hach and Diehl ta;have the
same chemical analysis as either the oxygen carrier or the
material obtained when too much alkall is used in the
preparation., This material is important im that it is
undoubtedly a second stereo form of the oxygen-carrylng
material, Therefore, the facts indicate that two pure
stereo forms of disaslicylalethylenedlimine cobalt may be
‘prepared by simply controlling the final pH of the resction

mixture.

considerations.

Stereochemical

In the compound disslicylslethylenediimine cobalt,
there exlst three ways in which the organic molecule,
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disalicylalethylensdiimine, can be distributed about the

cobalt atom. Adopting for the disalivylalethylenediinmine

molecule the ghorter symbol

<H I§>
e \\\g :

and utilizing the ususl picture for designating a metal

having a coordination number six

NN

these arrangements are as follows

N //’—‘\\\iﬁ ﬁ////-\§ g////——\
s O

N
O

1 II 111
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A1) of these forms are more or less strain free as shown by
models, but form I is perhaps the most stable. Considering
the half molecule of water present in the compound to
faﬁati@n as a bridgipng group between two eobhalt atoms, the

structure of the various forms then becomes

; - \g | - 0 Igi O ‘
: ////'G \\\\;::gﬁg é;///’- <<::j::i>§

N

Ia Iia I1la

In each of the three structures, Ia, Ils end IIla, the

sixth coordination position of each of the cobalt atoms is
left wacant. In structures Ila and IITa these positions are
ad joining and there is Just sufficient room for an oxygen

molesule to ﬁliﬁ‘inﬁa the empty space to form a peroxo bridge.

PAr NN




Sush peroxo bridges are well kunown (12}, In structure Ia
there ls no such convenient space provided for the oxygen
molecule and oxygen ebsorption eould only then occur inter-
moleosularly whieh requires that the erystal structure be
so erranged that this may ocour.
This structure is much less probable

for the oxygenw~carryling compound

than structures IIa and HHwa in

AAHH“HHHHHVV which the favorable orientations
OH are forced by the gis-arrangement
| of the bridging water molecule and

the vacant coordinstion positions.
0 These stersochemical congider-
ations thus indiocate that there
should exist three isomeric forms
AAHHHHHHHHUV of disalicylalethylenediimine
M @nwmwww two of which should carry

CHg oxygen and one of which should

n“ Hu probebly be inactive. It was at one
time thought that the three forms of

the oxygen-carryling compound were

obtained by prepsring the oxygen-

carrying compound by different
methods. As & result of Y-ray diffraction and absorption
spectra studies {13), 1t is now known that the oxygen~
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cerrying material prepared in an agqueous media is identical
with the material prepared in agueous-aloohol media. The
bright red insotive muterial is unquestionably a second
igomeriec form. It, therefore, appears that the three
isomers predicted have not as yet been found.

From preliminery examinations of the X-ray diffraction
patterns and a cousideration of the density end density
changes on oxygenstion, Professor R. Rundle believes that
the only possible stereochemical arrangement of the organie
molecule about the cobalt atom 1s that represented by I and
that the cryatal arrangema&t is essentially a layer pattern
with two cobalt eatoms, each surrounded by the large organio
meoleocule lying in parallel planes and separated by a
‘ralatively‘small distance, and that this pair of parsllel
molecules is separated from the next pair by a distance
just sufficient to permlt an oxygen molecule to slip in.

Such & picture implies that the property of carrying
oxygen is dependent entirely upon a particular lattice
arrengement, the occurence of which is a matter of chance.
From such a viewpolnt, the discovery of new oxygen-carrying
compounds has luck as & major element and research under
such circumstances is discouraged at the outset. Structures
ITa and IIJa are still held to be distinetly possible and
are favored in that they offer a definite reason for the
ahaarpﬁian_@f'&xygsn and for.the particulsar ratio of oxygen
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to cobalt observed. Joreover, they are in accord with the
knowledge of s branch of inorganic chemlistry founded in the
early years of this century by Alfred Werner {1l4) and
neglected since hils death, namely the field of the poly-

nuclear eompounds,

g% m&g ;;;.asrt&e 3&&&&2;{3%5‘;&% of Co=0x ggg_ g_ few reiat@é
agggﬂanggg

The object of measuring the msgnetlc susceptibility
of Co-0x and related compounds, of the inactive red isomer,
and of disslleylalethylenediimine, was to gain knowledge
that would help to explain the structure of the compounds,
the mechanism af'tha oxygen-carrying process, and to assist
in locating new oxygen-carrying msterials. Hemoglobin is
known to exhibit a change in magnetic character on oxy-
genation, the oxygenated form being dlamsgnetic, This
phenomenon is related to the structure of the material, the
oxygen asbsorption mechanism, and the change in color on
oxygenation. Co-0x was expected to show a corresponding
shift in its magnetiec behavior. )

Apperstus Lo megsure para
methods of measuring masgpetic susceptibility of solid
naterials is that used by Freed {15); this method has been

gpnetism. One of the better

used repeatedly by many investigutors and has been found to

glve accurate and consistent results. The apparatus used
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in this work was essentially that of Freed but lacking in
many of the refinements and employing a wesker magnet, No
provision was made to obtain the magnetlec susceptibility at
other than room temperature. A glass tube was made of
uniform 3 mm. pyrex glass tublng with e thin uniform par-
tition exactly in the center. The tube was placed between

' the poles of an éleatr@*magﬁ@t in sueh s manner that the
fi@l& and tube above the partition was a mirror image of the
‘fiﬂlﬁ and tube below the partition. The tube extended well
beyond the field in both directions. The tube was fitted

at the top with gless ears, by which it could be suspended
from the arm of a balence by a fine wire, e hook, snd a
stirrup. The balance used was ap ordinary analytical balsnce
in good condition and ecapable of fourth plsee accurasy. The
field strength of the magnet used was approximately 12,000
£BusSS,

The apparatus was standardized against s nlckel chloride
solution that hed a susceptibility value of 5.332 x 1078
units per unit velume. This was a 1.3660 ml. soluktion of
specific gravity 1.201. For the purposes here it was
preactically identical with the solution used by Freed. A
gecond sbtanderd nickel solution thet would give s masgnetio
foree approximetely the same a8 the average Torce on the
materisls studied was prepared. This solution was 0.707 M.
and containing 0.04143 g. of nickel per ml. The specifiec
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(8] Fg = 1/2 A, (Hy)
where ¢ refers to the magnetic atiraction of the msterisl
being tested and

(4) Fp = 1/2 agk, (H,)

where n refers to the standard nickel solution.

ﬁn Anﬁa
(6) AKX, = AKX T,
gﬁ

{(7) K_=4x The factor X éﬁ is the specific

aasa&ytibility of the tube filled
with NiCl,, 4, 1s the specific

volune of aﬁe tube and x = gus-
ceptibility per gram.

(8} 4, = % 4 = density, 1 = length of tube and
dl\ Vg ™ weight of sanmple,

Substituting 7 and 8 in 6:
() ¥y« agm, = aagx, To AL values sre of nom
B it can be calculated.
The gquantiby Xy times the moleoular weight is the molar
susceptibility X,.
The ceslculations for é@@xygenazad Co=0x from the values

givén in Table III are:




BB

= 2.94 Bohr magnetons

This is probadbly a free electron sgiﬁ.ﬁumher of 1.
The compound thus hes a large orbital contributlon.

gnetism 1t wes learned thab

Following the work on uma
the group at the Universlity of Califorais working under
the direction of the Nationsl Defense Research Committee
on this problem had at thelr dlspossl execellent facilities
for messuring magnetie properties and further work wes
abandoned. The resulis of the falifornie group agreed
well with the values glven in Tadble IIIX.



Table III

Cobalt

Paramag- |
netle Nickel Suscep= Bohr Probe
Paremag~ Attrae=~ Chloride tibility Molar Magne- able
netic tion for in of Mg tons Free
Attrac~ Nickel Longltu~ Nickel netio Per Fleo-
' Sample tion for Chloride dinal Solu~ Suscep~  {Jobalt tren
Deseription Weight Sample .Selaﬁian Area tion tibility Atom Spin
‘ %5 | ¥o Dp K,*10 xﬁﬂza“ Ve
g* N 2./ om. e , :
Co-0x ,1@1& 8.3 4.6 .462 2.74 385 2.94 1
Oxygenated L2009 0.4 4.6 462 2,74 e i —o—
Co-0x :
ethylenedilmine | | u , |
Inactive Red 2638 - 7.7 4.6 462 2.74 266 2.52 1
Form of Co~0x : ‘ o / :
Disalicylal~ .2407 6.1 4.5 .460 2,74 241 2,42 1
propylenediimine
Cobalt N »
Disalicylal~ L1863 13.2 4.8 +462 2.74 818 4,42 2
@henylanaéiimina :

L A
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[aterpretation of the results on magnetic suscepti-
bility. The value of one free electron spin for deoxygenated
Co-0x end the dlsmsgnetism of oxygenated Co~0x does not
hinder or support the theory that there is a molecule of
water between two cobalt atoms, The cobalt atom in non-
coordinating compounds like cobalt chloride has three free
electron spins. In a combination like Co~0x two of these
are asgociated with the ecoordination bonds with the twe
nitrogen astoms while the third remsins free for oxygenation.
If a water of hydration is present it should not be expected
to affect the magnetic behevior since many salts have the
‘aaaw magnetie behevior in the form of anhydrous powders,
hydrated salts, or in water solution. The similerity of
Co-0x to hemoglobin in magnetlc behavier is, however,
striking.

The rate of oxyge.

Considerable interest attaches to the rate at which
oxygen is teken up by Co-0x under varicus temperstures and
pressures.

Haeh and Diehl in the period before the author entered
thisg work performed a number of isolsted experiments thet
provided lmportant informetion in designing a methed for
determining the rate of oxygenation sccurately. By exposing

& sample of Co~0x carried on a convenient welghing boat to
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air, they demonsirated that Co-0x would absord oxygen at
such & rate that 1t was complstely saburated in a day.

when the alr was replaced by oxyzen the time was reduced to
shout ben minubtes, They also demonstrsted that at slightly
higher teuwperatures the absorptlion 4id not proceed as
rapidly snd that at lower bemperatures it was somewhat
sccelerated, As quite separate cxperiments they demone
strated that the temperature at the center of & large bed
of Co~0x changed a8 much as lsﬂ due to the heat of oxy-
genation and that provisions to remove the heat apparently
inereased the rate,

Beveral apparatus were designed to messure the rate
of oxygenation accurately. These will now b&‘éesaribaﬁ
in detell.

TYhe water menometer rate apparatus. The {irst rate
apparatus was called the wabter manomebter rste apparstus
after the 32 foot water menomeber constructed as a pert of
the apparstus. The apparstus {see Fig. 1) consisted of a
gas holder, a reaction chamber and & water masnometer.
Water was used as the reteining liquid in the ges holdeyx
and the oxygen was, therefore, delivered saturated with
moisture. The gas holder was egulpped with s mﬁéirie&tian
of the Mariotte bottle so that it delivered the oxygen st
constant pressure, either grester or less than stmospherie

pressure. The gas holder held sbout 2.5 1. and wes
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Fig. 1. The Water Manometer Rate Apparatus
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calibrated with water delivered from a Morse-Blalock bulb,

The reaction vessel was Jacketed and the compound
was carried on a metal ftube with cireulsr fins spsced about
0.25 inches apart along the tube {part of a commercial
refrigerating unlt). This tube slipped snugly lnto the
reaction vessel, and provided ample heat contact between
the compound and the circulating liculd, ¥ater from a
large, well insulated carboy was pessed suecessively through
the Jaoket and the central metal tube bearing the fins;
thermometers were placed in the inflow and outflow water
and the flow of water was adjusted so that these temperatures
were the same throuzhout a run, thus insuring that the com~
pound remsined at & constant temperature. A% the conclusion
of a run steam was passed through the jacket for 40 minutes
to deoxygenate the compound.

A 32 foot waber w@asmﬂtar was used to measure the
pressure at which the gas wes ﬁ@livarié, a8 a travelling
G&th@ﬁ@mster for use with a mercury mancmeter was not
avalilable. Time was measured with & stop watch and in
general readings of time and gess volume were made every
30 seconds.

Using a constant temperature of 25 to 2¥‘ﬁ runs were
made at various pressures from 200 to 870 mm. of meroury.

AS will be seen from Pig. 2, the rate of oxygenation

decreagsed rapldly with pressure, and the per cent of oxygen



taken up st lnfinite time, taken as four hours, alsoc de-
oreased. The point of infleetion of the curves sbout
corresponds to half saturation, and the time of half
gsaturation veluss were teken ng & typlesl point for the
comparison of the rates of different pregsures. A plot
of the tlume of half ssturation sgainst pressure ig shown
in FPig. 3. |

Bolding the pressure constant at 510 nm. of mercury,
runs were made varying the temperature from -7 to +&1Q*
'&a will be seen from ¥Fig. 4 and from Fig. 5, the rate of
oxygenation fell off at higher temperatures and sgain at
lower tempersatures. The experimental error in this series
of runs was rather high and the ruans were not always gulite
reproducible owing to en unknown faotor heving to do with
the sotivation of the compound. It iz evident, however,
that 2 maximum rete of oxygenation occcurred between 17 and
23",

From the above results it was apparent that the
optimum temperature for oxygenation was between 17 and 33”,
‘and that incressing the pressure of oxygen bheyond 300 mnm.
of mercury does not significantly deorease the tims required
to oxygenate the éam@aﬁadﬁ

It was expected that the ozygen pressure-oxygenation
rete relationsghip would hold when air was used as the oxy-

genating agent if the alr wus e¢irculated freely. Using
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and rate apparabus (see Fig. 6) consisted of four pressars
chambers A, B, C, and D, They were nade from hexagonal brass
~block. The chambers 4 and D were approximately the sane slze
while the chambers B and C were sbout three times as large

as A and about the same size. DIfficultles of constructien
made It quite lmpossible to make these chanbers of definite,
known volumes or of exactly the seme volume.

Chamber A was constructed so that a sample could be
inserted for testing. B, C, and D were c¢losed chanbers.
Valve (1) leading to chamber B and valve {2) leading to
chamber ¢ were connected to the oxygen tank., with both
velves open, an equal pressure of oxygen was obtalined in
chambers B aaé €. When vzlves (1) and (2) were closed,
chambers B snd C contalned two isolsted portions of oxygen
of approxinmately equal size at the same pressure. Valves
(5) and {6) connected chambers A and D to the vacuum line,
When opened the pressure in chambers A and D dropped to the
pressure of the vaccum line, 0.1 mm. 7Valve (3) connected
chamber B to chamber A. Valve (4] in s similar manner
connected chamber ¢ to chamber D, With the opening of
valves {3) snd {4), the manometer registered the pressure
changes and came to & final value characteristiec of the
apparatus when empty. When an oxygen-carrying materisl was
placed in chanber A and the apparatus was nade to funection

in a similar wanner, the menometer ceme to a final value
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to enter chamber D. Then the pressure in chambers A and B
differed from that im chambers ¢ and D. The difference

reglstered on the manometer M.

Then:
(8) P, (V,+V) = n.RT
(4) Pop (V7 ) B,RT
And:

{5) P - P = the change in the manometer
A+B C+D  reading or the blank correction

ap,
And:
(6) ap = _sgm - acﬁ*f
it Vo'

With a sample present n, moles of oxygen are sbsorbed
from the chambers containing hg moles of oxygen.
Let APy be tzlm change in pressure with s sample
prﬁﬁéﬂt‘
Then:
(7) AP = (ﬂ“fzv;m - ;cg';-
EA ‘B ¢ 'p
Then the insfemaah of pressure change éﬁe to the sample
alone is APy - APy = AP for oxygenatlon slone.

(8) AP = 4P5 ~ APy = ng-n,RT ncm: - DgRT , ngRT
Wy VN, VAT Vo,

O




Or:
(10) AP = flfz
Vp*Vg
This value of AP 1s not the correct one as the volunme
vAfvE containe a sample aa&agying,aanaié&rahla space ap~-
parently deoreasing the volume by an amount Vg» the volume
of the sample.
Then more accurately:
(11) AP = nRT
VatVg-Vs
Vg is easlly evsluated being the welight of the sample
divided by the density of the semple
(12) ~ -

e {32) {100}

Most of these materials have been found to have a
density of aspproximately 1.5 g./ml.

Therefore, all values are now known or can be measured
except the combined volume V,+Vg. Thls was easily determined
using equation (10). Oxygen was withdrawn from the apparatus
-and measured in s ﬁbr&s%ﬂl&laek bulb. The correspondlng
change in AP was observed. GChanging the volume to moles of

oxygen n, and substituting to find VptVg. A volume of 78l co.



o VT

was obtalned.
The equabtion used for the apparatus reduces then Lo:
{14) The per cent of = {A P){78l-zample wt.) ,
oxygen capacity —— 1.5 {32){100)
[62370)(T] sample wt.

Capaclity of Co~0x gt hizh pressure: The first oxygen
capacity determined with the differentisl manometrie oampacity

and rete appareatus was of Co-0x at 8 p.s.i.g, as & check on
the ecalibration. A saaple heving a capacity of 4,79 per cent
determined by the method given earlier was placed in the
apparatus and its capacity determined. The value found was
4.80 per cent using oxygen at 8 p.s.i.g. The next determi-
nation was made at 146 p.s.i.g. and the capacity measured
5.14 per cent, This value was discoredited until a capacity
meaguremnent was made on an Oxygen-carrying material developed
later called Co-0x M; its capaciby was foﬁﬁﬁ to be 4,10

per eent at both B and 150 p.s.i.g. Several more oxygen-
cerrying materisls developed later, Co~0x BT, Co-0x Pr and
Co-0x 328, were found %o have the same walue at 8 and 150
p.s.il.g. Co~Ox was then checked and gave a value of 5.14
per cent at 150 p.s.i.g. Fvidently Co=0x is the only ma-
teriel studied capable of absorbing more than one~half mole
of oxygen per cobalt atom. The excess oxygen ebove the
theoretical value of 4.79 per cent ls probably due teo
absorption of oxygen on the surface of the oxygenated ma=-
terial.



A4 very unique oxygen-carrier from & theoretical
standpoint was found by Calvin at the University of Cali-
fornis and submitted to this lsboratory for study. It was
di-{3~chlorosalicylasl)dipropylenetriimine cobalt which
sbsorbed one molecule of oxygen per cobalt etom slowly and
et & very high pressure, Onoe oxygenated it retained its
oxygen long enough for an spproximste cheok by the gravi-
metrie method given sarlier. Using the apperstus just
deseribed tiis meterisl was found to have absorbed 6.5
per cent oxygen after 7 hours at 113 p.s.i.g. of oxygen
gt 5“,

ggﬁggqgg'a&zgﬁﬁatigﬁ,@§.g§§§ pressures: While using
this apparstus to measure cspacity it wes noticed that rates
ﬁf‘@xygehatimﬁ eould be obbained from the nenometer resdings
by plotting the change in the readings converted to capaoity
&gginst‘ti@ﬁ. The sppurstus beceme very useful for this
purpose.

With & little effort the time between opening the
valves in the operation thet allowed oxygen into the chamber
conteining the sample =pd the first steady resding on the
menometer was cub to about ten seconds. This provided
readings more accurste and nearer %o z&ra\%imﬁ than was
possible with the water manometer aspparatus., Unfortunately
the semple was carrled in & boat from which the hest transfer

was very yéer. As may be seen in Pig. 7 the rate curve is
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slightly flatbtened by the aceumulation of the heat of
oxygenation, Filg. 8 shows some typical rate curves for
Co~0x and a number of related oxygen~cerrying materisls
obtalned using the differentiel manouetrie capaclty and
rate apparatus.

This apperatus was found to be of little wvalue at
low pressures as the drop in pressure due to oxygemation
affected the rate of oxygenation. This feature was largely
overcome in the succeeding apparatus, the large volume

manometric rate spparatus.
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ZThe Jlarge yolume manomebric rate apparataus. The large

volume manometrie rste apparatus was developed to operate at
& lower preczsure than the differential manometrie capacity
and rate apparatus and to employ 4ry ozygen.

The volume of oxygen and the size of the sauple were
chosen so that the pressure drop dus to oxygenation would
not measurably affeet the rate of oxygenstion. ‘The presaure
drop was then meesured by any of the number of delicate
means svallable such as an inelined oil manometer. The
pressure drop was ¢alibrated in per cent ozygenation just
as in the case of the differential menometriec capacity and
rate apparatus,

The apparatus (see Fig. Q},aa used in itz final form
consisted of a 5 1. balloon flask, an upright meroury
manometer and an absorption chamber fitted with a 3-way
stopecock; one tube of the stopeock connected to the oxygen
in the balloon flask while the other was used to admit
oxygen to the balloon flask or to evacuate the absorption
chamber during deoxygenation. Tempersture control was
provided by mesns of & bath raised about the absorption
chamber.

Absorption chambers of three different constructions
were used. The first was simply a pyrex test tube 228 x 175
mm. The second, prinelipally used by Brouns and Diehl,

consisted of a copper tube with orossed fins to assist in
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carrying away the heat of oxygenatlon.

The third and most useful was made of pyrex glass, the
oxygen~carrying maberial cocupied the annular space between
two tubes while water at the teumperature of the experiment
was c¢irculated througb the lnner tube and about the outer
tube, The principal aﬁyaatage of @hia absorption chamber
lies in the fact that the maximum &i&taaaa an oxygen-
sarrying pariicle could be from a constant tempersture
surface was 2 mm. This form of the apparatus gave the same
rate of oxygenztlon of Co-0x as was found im the water
manometer apparatus, as shown in Fig. 3. It has been used
for the study of the mixed oxygemn-carrylng materials
described later.

This form of rate spperatus wes fourd to be sonvenient
for the study of the deoxygenation of these materials at a
eonstant oxygen pressure. The oxygen pressure in the balloon
flask and the tempersture of the water ecireulating abaat'
the absorptlon tube were adjusted to the conditions desired
for the sxperiment. The stopoock was turned to join the
balloon flask and the absorption tube causing the material
to start deoxygenating at s rate registered on the manometer,
In this masnner, the spparatus was used to study the deoxy-

genation process and the effect of molisture on deoxygenation.
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Deoxygenation studles on Co-0x.

The deoxygenatlion of Co~0x depends on the conditlons of
temperature and prassﬁra. These eonditions were determined
and it was found thset at a given 9ras§are removal of the last
increment of oxygen required a somewhat higher temperature
than the first., Conversely, 1f the temperature wes éﬁnstan$,
the pressure haé to be reduced to remove all the oxygen,

The deoxygenation temperature and pressure varied slso with
the various treatment of the sample. Typiocel data on the

- deoxygepation of Co-0x are included iﬁ Table IV.

Table IV

Deoxygenation Temperatures and the Correspoanding
Pressures for Co-0X

e i
o - st

Atarting Finel Oxygen

Run No,  Temperature - Tempsrature  Pressure
‘ e e o
1 45 50 S mm.
2 60 85 150 mm.
8

5 - es° 80" 746 m

From a prsctieal standpolint in manufacturing oxygen

! - ]
- the most appropriate conditions for deoxygenation are 100
and one &tﬁﬁ%?ﬁ&?& pressure of ozxzygen, since steanm ig

convenient for heating and gives in addlition & large
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thermal gradient for the rapid hesting of the oxygenated

material.

Hyeroscopie property of Co-Ox.

The hygroscopilc properties of Co~0x were apprecisted
only after work hsad progressed on the naterisl for some
time. On one occasion & bed of Co~0x was allowed to remain
in contact with oxygen saturated with walter vapor for about
a week, The oxygen-carrylng cepscity dropped nearly one
per cent, On saother occasion a preparation was found to
be demp after it had been stored in contact with air for
about 12 hours. This materiasl had lost approximately 2
per cent of its capacity. In esch case heating in a vacuunm
did not restore an eppreciable amount of the lost capacity
as was found to be the case for some of the mmterials

developed later.

The Development of Hew Oxygen~Cerrying Msterials

Four wwwwnwwww slterations in the chemicel constitution
of Co-0Ox were made in an effort to find new oxygen~carrying
materisls. The first wes to replace the cobalt atom by
other metals having a coordipnastion number of six., Iron and
manganese were tried using the same methods for preparing

the compounds as were found best for the cobalt compound.
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Ho oxygen~carrying naterisls were obtained,

The second alteration consisted of replacing the
ethylenedismine in the preparation with other diamines,
with monoamines, and, with smnonis. Agsin, the products
did not carry oxygen, The third alteration was to substitute
materials like pyruvic acld and acetylacetone for the
salleylaldehyde portion of the oxygen~carrying molecule.
This effort also was unrewarded with sctive compounds. The
fourth alteration, the replacement of salleylaldehyde by
s&bs#iﬁa@sﬁ sallicylaldehyde molecules, produced s number of
nonoxygenw-carrying materials, and some oxygen-carrying
materials of considerable interest.

The first of these oxygen-carrying materials was
prepared by Hech and Diehl from S-nitrosalicylaldehyde,
ethylenediamine and cobalt ascetate by the method described
by Chao and Diehl. This materisl was prepared again in the
present work using the methods described earlier for the
preparation of Co-0x. The product was then subjected to a
detalled study in the differential manometrie capacity and
‘rate apperatus. The oxygen-carrying properties of this
material will be given in a later section covering the
experimental work of this thesis. |

4 corresponding study of H-nitrosalieylaldehyde,
S-bromosalicylaldehyde and 3-hydroxysalicylaldehyde showed

thet preparations from these mnaterials did not function as
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oxygen-carrying materials.

Phe most interesting of the oxygen-carrying materials
prepared was that of Liggett and Diehl (18}, a nsterial
prepared from o-vanillin (3-methoxysallieylaldehyde or more
aseurately 2-hydroxy-3-methoxybenzaldehyde), sthylene~
dismine and cobalt chloride. The dl-(2-hydroxy-3-methoxy-
benzael)ethylenedlamine cobalt, shortened to Co-0x M Tor
convenience, was found to absorb oxygen from air at a very
rapid rate providing the air was dry and the temperature was
maintained at about 5’. By the methods of preparation given
in this paper the materiel obtalued wes inactive unless
heated to 1?9‘Jiﬁ a good vaouum, This process, Tirst called
activation, was later found to be s dehydration process in
which one molecule of waber was removed. Contact of this
material with stmospheric moisture resulted in an inactive
meterisl, Co-0x M was then studied in the differential
mepometrie capacity snd rate apparstus. A aﬁﬁaider&tién of
its oxygen~carrying properiies will be taken up agsin in
later sections covering the experimental work of this thesis.

The succesg with Co-Ox ¥ stimuleted research on other
3-alkoxy derivatives. Ligegett snd Diehl immediately pre~
pared di-(2-hydroxy-3~ethoxybenzalj)ethylenediimine cobalt
whieh was given the name Co-0Ox BT, Brouns and Diehl {17)
following a method obtainsd by Liggett for the successful
preparation of the sldehydes needed for the preparation of
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S-alkoxy oxygen-carrying materials obtained di-({2-hydroxy-
3~p~-propoxybenzal)ethylenediinine cobalt. This latter name
has been shortened to Co~0x Pr for convenlent reference.

A study of these materisls showed thet the affinity for
oxygen iﬁaxeasa& with the length of the alkoxy chain whille
the affinity for water deereased. 1In prepearation they
retalined a water of hydration which was removed readlly at
iﬁ&é in & good vaocuum. They were found to absorb oxygen
from dry air st room teumperature st a rapid rate. TUsing
the method developed by Liggelt for the preparstion of
2-hydrozy~3-alkoxybenzaldehyde, the prepsration of higher

- members of the 3-alkoxy series was attempted.

Procedure for the preparation gglgpalkaxygh@nnla,

An apount of 110 g. of pyrocatechol 1s,éiaaalvaa in
500 ml. of boiling distllled water in a 2 1. round bottom
flask fltted with a reflux condenser. While boiling gently
40 g. o sodlum hydroxide dissolved 1n 200 ml. of water is
added drop wise. This technigue provides a sufficient
safeguard sgainst excessive oxidation of the alksline

pyrocatechol by air. Pollowing

the complete addition of
the mlkall a mole of the degired alkyl bromide or slkyl
lcdide is added in the same manner as the alkali. The
mixture is then refluxed genily for 24 hours, In this
period all the alkyl bromide or alkyl lodide is consumed
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with the attending formatiosn of the p-alkoxyphenol. The
o-alkoxyphenol forms an upper layer whioch le convenlently
separated from the water layer in a separatory funnel. It
is washed with water and vacuum distlilled, The large
constant bolling frection iz usurlly the product desired,

The meterials prepared ipn this manner were converted
by the Duff {18) method as modified by Liggett to the

gorresponding 2~bydroxy-3-alkoxybenzaldehyde,

Frocedure for the preparation of 2-hydroxy-3-alkoxybenz-

asldehyde by the Duff resction.

An anount of 35 g. of borle aeld and 150 g. of glycerol
are heated together until ﬁh@ mixture becomes anhydrous,
usually l?&‘ for 30 minutes. This mixture 1s then treated
with 25 g. of hexamethylenstebramine mixed with 25 g. of
the g-alkoxyphenol prepared above. The temperature is
maintained at 150 to lé@a by heatiﬂg or coolling as necessary
during the next 15 minutes, It 1s then &11@%5% to cool to
165§ end acldified with a solution of 25 ml. of concentrated
sulfuriec acid in 100 ml, of distilled water. It is then
stean distilled producing up to 20 per cent yields of the
g~hydroxy-3-alkoxybenzaldenyde. There is no unchanged

product and no other aldehyde produced,
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Uslng the synthesis described in the previous section,
sufficient 2-hydroxy-3-p~butoxybenzaldehyde was obteained
for the preperation of di-{2-hydroxy-3-p-butoxybenzal)ethyl-
enediimine cobalt, Co-0x 88, by the alcohol method given
earlier in this thesis. The oxygen-carrying capacity of
this material was found to be 3,34 per cent. The properties
of this materiel are given in the section covering the
experimental work of this thesis.

A small amount of 2-hydroxy-3-p~-amyloxybenzaldehyde
was obtained for the preparation of a small semple of
&i~i2~hydraxy«ﬁfgr&mylaxybsaz&l}athyleneéiimine cobalt,
Co~0x Am, by the alcohol method; however, only in sufficlent
guantities for a study of a few of the oxygen-carrying
properties. The capacity of the only sample made was 3.10
per cent. The other dats on this materlial estimated from a
few rate of oxygenation ﬁ@%armigaﬁiﬁns and other experi-
mental work are given in the section covering the experi-
mental work of this thesis.

ﬁazamgtgvgs prepare a*hyéraxywafgﬁgfﬁr@paxybsnz&lashyﬁﬁ,
2-hydroxy~3~-iso-butoxybenzaldehyde, 2~hydroxy-3-allyloxy-
b&ﬁz&l&ahyﬁa, 2-hydroxy-3- ¢ -ethoxyethoxybvenzaldehyde,
B~hydroxy-3~gee~-butoxybenzaldebyde and 2-hydroxy-3-cetoxy-



benzaldehyde were unsuecessful. The Duff reasction on
branched p-alkoxyphenols was found to give very low ylelds
while go-cetoxyphenol eould not be obtained by the method

aesﬁrihaé‘abevé.:

Hlxed oxygen-carrying materiasls.

Considereble interest was attached to the possibility
of obtaining & msterial having two aldshyde graaés in the
molecule instead of two molecules of the same aldehyde.

It was believed that some idea of the propertles of such
compounds could be obtained by simply meking a preparation
using equimolar mixtures of two aldehydes with ethylene-
diamine. This would produce, it was believed, one-fourth
mole of material containing but one aldeshyde and one~fourth
mole of material containing the other sldehyde. The re-
maining one~half mole of materisl would contein one of each
of the aldehydes. The meterial obtained, however, d4id not
have the properties expected of s mixbure of the three
materials. The oxygen~carrying capecity wes the average of
the two vaiaea as expected but the oxygenstlon and deoxy-
gen&tiéﬂ temperatures were much lower, much like the melting
point of mixtures of similar solid materials is lower than
the melting point of either when pure. From this it was
seen that the properties of the oxygen-carrying materials

could be varied progressively by changing the ratioc of the
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amounts of the two &lﬁahyéss agaa, S |

?réaeﬂare gggiggg @regaratiaa of mized ﬁgggsn*@argzigg
materisls. Following the directions given above for the
preparation of disalicylalethylenedlimine, sufficlent
quantities of the two Schlff'’'e bases were prepared. These
were then mixed in the molecular ratio desired. The mixed
gehiff's bases were converted to a cobalt compound just as
with a pure Schlff's base, %ﬁa% is by either the alcohol
or the water method glven earlier for the preparation of
Co-0x. 4As is quite evident the number of mixtures that
may be studled in this manner is almost without limit. A
sufficient number have been studled, however, to formulate
simple rules relating the ratio of asldehyde used and the
etf&ﬁﬁ on the propertles of the produect.

For these materisls & short notation that desoribes
each of the preparations has been adopted. Co~0x is general
for oxygen-carrying materials. Co-Ox P (P for parent) is
the oxygen~cerrying meterial from saslicylaldehyde. Co-0Ox PM
represents a mixture of Co-0x P and Co~0x M. To indicate
the ratio of each in the mixture, the per cent of the first
eonstituent iﬁéi@at@é follows the symbol representing a
mixture. Thus, Co~0x MBT 40 would be a mixture contalning
by apalysis 40 mole per cent di-{2~hydroxy-3-methoxybenzal)
ethylenediinmine cobalt snd 60 mole per cent di-(2~hydroxy~3-
ethoxybenzal jethylenediimine cobalt without any reference



to the possible chemical combinstions in such a conglomerate.
The mixed mesterisls studled for this paper were mixtures of
Co=0x P and Co~-0x ETal Data from the consideration of rates
a8 obtained In the large volume manomelrie rate apparatus
along with tables of other delte are given in the section
covering the experimentsl work of this paper.

The Cowmparison of Oxygen-Carrying Materials

As new oxygen~carrying meterials were obtalined they
were subjected to experimentsl studies paralleling those
made on Co-0x. In these studies oxygen-carrying capacity,
the tiue reéﬁireﬁ for oxygenatlion, the oxygen pressure
above which the time for oxygenation does not appear to
deerease, the optimum temperabture of oxygenatlon, the
mininum ﬁeaxygen&ti@n temperature at various pressures,
and the hygroscoplcity beocsme yardsticksg for the comperison
and evaluation of the oxygenwcarrying materials. Taeh of
these propertiss willl be discussed separately and the

values for the various coupounds studied tsbulsted.

Tos preferred method of measuring the oxygen-cerrying
capacity was the gravimeitrlc method described carlier. This

lﬁ%har mixtares have been studled by Brouns and Diehl,

and Liggett and Diehl. Similer resulis were found.



method, however, was found to be inconvenient and inaccurate
for the 3-alkoxy materisls and many of the mixed oxygen~
carrying materials since these materials were hygroscopie
and absorbed moisture from the air during the determination.
The other methods wwwa“ indicated in Table V, were also

described carlier.

Table ¥

Oxygen~Carrying Capacity of Co-0x and Related
Oxygen~Carrying Materials

e — e e
mﬁwmmwrmwﬂw%»mm Method of
- Material Measursment
Go=-0x P Welght 4,80 4.94
Co-0x M Rate Apparatus 4.10 4.16
Co-0x BT Rate Apparatus 3.82 3.87
Co~0x Pr Rate Apparatus 3.44 3.64
Co=-0x S8 Rate Apparatus B.54 3.41
Co-0x Am Rate Apparatus 3.10 3.55
Co-0x N3 Weight | 3.25 3.86
Co-0x PBT 10 Velght v ,m»me 3.96
Co~0x PBT 20  Rate Apparatus ——— 4,05
Co=0x FBT 40 Rate Apparatus - 4.24
Co-0x PBT 50 wmaa Apperatus 4.35 4.35
Co~0x PBT 60 Rate Apperatus —-—o | 4,43
Co-0x PBT 80  Rate Apparutus ————  4.51

Co-0x PBT 95 Rate Apparstus 4,50 4,76
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Teble VI

Time Required for Apparently Complete Oxygenation
of Ce-Dx and Related Oxygen~Carrying Materisls

e rivicr - .

Oxygen-Carrying Time Required Fxperimental Conditions
~  Haterisl = for Oxygenation Pressure Temperature

, | o
Co-0x P 8 minutes 7 pe.s.i.g. i8

Co-0x M minutes p.s.l.8. et

Co=-0x BT minutes p.s.1.8. 18°

Co=0x 88 minutes

(i 7
5 7

Co=0x Pr 3 minutes 7 p.s.lig. 18
2 7 p.s.i.g. 18
2 7

Co-0x Am minutes PeSei.g. 18
Co-0x N3 4 hours 150 p.5.1.2. 18
Co~0x PBT 10 4 hours 15 p.s.i.g. 18
" Co-0x PBT 20 4 hours 15 p.s.i.g. 18
Co~0x PRT 40 4 hours 18 p.s.i.g. i8
69*@3’?3? 50 4 hours 15 p.s.l.g. 8
Co-0x PRT 60 4 hours 15 p.s.i.g. 18
Co-0x FBT 80 4 hours 15 p.s.i.g. 18"

Co-O0x PBT 96 4 howrs 15 p.s.i.g. 18
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The oxygen pressure above which the tims for oxygenation
does not appear to degreasge.

There 18 a pressure énayaa$aristia of each oxygen-
carrying meterial above whieh the time required for oxy-
genation does not appear to decrease. This pressure was
found for each of the new oxygen-carrying materials prepared
for this work by considering the chenge in the rates of
oxygenation with pressure as was done for Co-0x {see Pig. 3),.
FPor these determinations a constsnt temperature was main-
talned by providing the best possible conditions for removing
the heat of oxygenation from the bed of meteriel being
studied.

Table VII

The Oxygen Pressure Above which the Time of Oxyzenation
does not Appear {0 Decrease for Co-0x and Relsted
Oxygen-Carrying Materisls

" it
—

Pregsure Above which the Temperature

Oxygen~Carrying Time of Oxygenstion did of
‘Material - not Appear to Decrease = FExperiment
Co=0x P 950 mm. of Hercury laﬁ
Co~0x M 150 mm. of Mercury 5°
Co-0x BT <100 mm. of Hercury 15°
Co-0x Pr <100 mm. of Mercury 15‘
Ce-0x 58 <100 mm. of Mercury 15§

Co-0x N3 >150 p.S.1.8. 15°




The ideal optimum temperature of oxygenstion would,
with other things being egual, be ss near as possible to
the temperatare of deoxygenation in order that the amount
of oooling necessary to effect oxygenation be a minimum.
The rate mwmamwaﬂw were used to estimste this value. The
bxygen pressure was held constent and the rates of oxy-
genetion determined at several temperatures. The range
of temperatures thalt could be tried was limited by the
experimental conditicns to wwaﬂ‘tmwa to maa. As was found
for Co-0x {see Fig. B5) there is a temperature for which
oxygenation proceeds at the gresbtest rate. Above or below
this temperasture oxygenstion proeeeds more slowly. The
optimum temperature is important in that 1t determines the
extent to which & bed of oxygen-carrying materisl must be
cooled to obtain oxygenation in the shortest possible time.
The values for the optimum temperature range of oxygenation

for the materials prepared asre given in Table VIII.
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Table VIII
Optimum Temperature Renge of Oxygenation for Co-0x and

o .
- e

Oxygen-Carrying

o Haterlsls - Optimum Temperature of Oxygenation

Co=0x P 1$m235

Co-0x M o-5"
B
PBET 10

PBET 20

‘
Co-0x 25-40

Cow-0x Lass than

Cow0x less than

Co~0x% less than

Co=0x
Co-0x
Co=0x
Co-0x

2 0=0%

FBT 40
PBT 50
PBT 60
FBT 80

PRT 95

less
less
Less

Less

Less ¢

than
than
than
than

Minimum deoxygenatlion temperature.

The minimum deoxyzenation temperature was determined
for each pew oxygen-carrying material ﬁy slowly relsing the
temperature of a bed of the oxygenated materisl and observing
the tempersture at which oxygen was removed against constant
The first was sbout

presgure. Three pressures were chosen:

3 mm. of mercury to find the lowest temperature possible for
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deoxygenstion. The second was against the stmosphere, a
convenlent determination, made by observing the color
change from blsock to red-brown on s melbing point block.
The third was made agalnst an atmosphere of oxygen. The
latter value was found to be the most practicsl as it was
the temperature to which & bed of oxygen~carrying material
must be railsed to produce pure exygsﬁ at one atmosphere in
an apparatus for large scsle production. The values are

given in Teble IX.

Pable IX

Deoxygenation Temperastures for Co-0x and Related
Oxygen-Carrying Materlals in a High Vecuum,
in Alr and Against an Atmosphere of Oxygen

nygamaﬁarryiag Deo $natiaﬁ T&m eratare in

Material High Vacaum  Air “Atmos. of Oxygen
Com0x P 45-50" 60~65 65-80"
Co-0x M 42-50" no data 80-90"
Co-0x BT 60-65" no data 90-95"
Com0x Fr no data no data 90-95"
Co=0x 58 no data no data a&~%ﬁ?
Co=-0x PBRT 10 150 no data 25~23$
Go-0x PET 20 15° 20-25" 25w28"
Co-0x PBT 40 15° 2025 25-28"
Co-0x PBT 80 15° 20~25" 25-28"
Co-0x PBT 80 15" 20-25 25-28"

Go-0x PBT 95 25 30-35 45-50"
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Hygroscopieity.

An ldeal oxygen~scarrying meteriasl would not be affected
by water. It ocould then be brought in contact with undried
alr for oxygenation or even be suspended in water rather than
used in powdered form. It might even be possible to effect
deoxygenation by the direct applicetion of steam., However,
all of the oxygen-~carrying materials prepared for this work
were markedly changed by water. Co~0x P, the oxygen~carrying
material that absorbed water most slowly, became inactive
'graﬁuaily on exposure to molst aif' Other oxygen-carrying
materials were rapidly rendered inactive, Co-0x M being the
most hygroscople of gll those studied. Heating for the most
part falled to restore the oxygen~carrying ahility;

It has been discovered also that water vapor in the
axygmﬁaéansaiaiag gaseous mixture used to oxygenate an
oxygen-carrying meterial appeared to facilitate the ab-
sorption of oxygen. Thus, the optimum oxygenstion temperas
ture appeared higher towerd moist oxygen than toward dry
oxygen., These materials once ax?gana@&@ were more difficult
to deoxygenate, requiring s higher tempersture snd lower
pressure to complete the process. The degree of hygro-
scopleity found for each of the materials studled 1s given
in Table X. | |
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Table X

A Comparison of the Hygroscopleity of Co-0x and
Related Oxygen-Carrying Materiels

Ao .
R

Oxygen~Carrying
‘Heterial ’ Hygroscoplelty

Co=-0x P 8light

Co-0x M Extreme

Co-0x BT Moderate

Co=-0x Pr lloderate, less than Co-0x BT
Co-0x 88 Moderate, less then Co-0x Pr
Co=-0x Am Moderate, probably less than Co=-0x S8
Co~0x N3 Moderate

Co-0x PBT 10 {

Co-0x PBT 20 )

Co-0x PBT 40 {

Co=0x PBT 50 -~} Moderate, decreasing to slight
Co-0x PBT 60 {

Co-0x PBT 80 }

- Co=~0x PBT 98 {
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Quite unlike the method used by earller workers for the
preparation of Co-0x, these methods were found to be affected
by only three factors: If all the alcohol was mot removed
from the preparation in the sleohol method then the oxygen-
carrying material deteriorated during drying. If two equlva-
lents or more of sodium hydroxide are used in either method
then a brick-red isomer of Co~0x was obtalned whioh did not
absorb oxygen, If the oxygen-carrylng meterial was not dried
rapidly and out of contact with oxygen the produst was found
to be low in oxygen~carrying capascity. -

Both methods were found to be general snd appliceble to
the Qraparaﬁiaa of oxygen~carrying eamgauaés from other
Sehiff's bases, |

2. The method for the determination of oxygen~carrying
gapacity for Co-0x as used by Chao and 31@&1, and by Hach
and Dishl was investigated for possible sources of error.

It was found that weighing deoxygenated Co~Ox in alr,
oxygenating in a suitable bomb at 300 p.s.i.g. for ten
minutes at room tempersture, and welighing agein in alr,
which gave the geln in weight due to oxygenation, was
satisfastory providing the oxygenated material was allowed
to stand for at least 15 minutes in dry air st the tempera-
ture of the balanece before msking the weighings.

3. Considerable effort was devoted to establishing
or disproving the theory first proposed by Diehl thet Co~Ox



contained one~half molecule of water per oobalt atom. Co-0x
made from e&r&faliy parified reagents was analyzed for
nitrogen, c¢obalt, carbon and hydrogen. The molseular weight
caloulated from these analyses was approximately eight units
too large, the equivalent of one~half molecule of water per
¢obalt atom,

An effort was nmade 1o prepare Co-0x uﬁdar anhydrous
eonditions in absolute aleschol but a new product, crange in
¢olor, was obtained by omitting the sodium hydroxide., Thie
orange material was found teo contein nitrogen, ochalt and
chlorine in the ratio of four to three o two. A structure
for this msterial hes been proposed. The orange msterial
reacted with water to produce Co-0x. It is believed to be
the same as the orangs precipitate which appears momentarily
in the preparation of Co-0Ox when water alone is used as a
solvent.

4., The megnetic susceptibilities of Co~0x and & few
related materials were measured, The apparatus used was
espgentlally that first proposed by Freed. By meassuring the
magnetic attraction on Co-0x and on a nickel solution of
known magnetic sussceptibility the magnetic suseeptibility
of Co-0x was found to be 2.94 Bohr units corresponding to
one free electron spin per oobalt atom, The maegnetie
susceptibility of exygenated Co~0x was measured in a similsr

manner but it was found to be dismagnetic. The change in



megnetic propertles for hemoglebin per iron atom during the
formation of oxyhemoglobin is two free electron spins,
However, this 1s for the absorption of twlce as much oxygen.
It appears therefore, Co~0x and hemoglobin in this respect
are guite similar.

5. Three apparatus were developed to measure the rate
of oxygenation of Co~0x snd the relsted compounds studied.
In the first of these, called the weter manometer apparatus,
the rgte was determined by the volume of water reculred Lo
replace the oxygzen absorbed, In the second and third
spparatus, called the differentisl menometrie capeeity and
rate apparatus, and the large volume manometric apparatus,
the rate was determined hy.th@ change in the pressure of
the system as measured by meroury manometers. Auxiliary
data such as the time, the temperature, the size of the
sample and the ghara@teristiaauaf the apparatus were
determined in suiteble nmanners. The rete of oxygenation of
Co-0x was measured under various conditions: et temperstures
from ~?ﬁ to &ﬁa, and at pressures from 0,2 to 10 atmospheres.
The rates of oxygenetion of several other materiels relsted
to Co-0x were also determlned,

6. The conditions of temperature and pressure for the
deoxygenation of Co~0x were determined. Co-0x was found to
deoxygenate aﬁ~é§-ﬁaﬁ in & high veaouum, &%séﬂwﬁéﬁ in 8ir and
at 5%~aﬁ§ in an abtmosphere of oxyzen.
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7. The hygroscopleity of Co-0x was studied. It was
found that Co-Ox must be used in the dry state and that the
oxygen-containing gas for oxygenation must be thoroughly
dried, |

8, Five new oxygen-carrying materisls related to Co-0x
were developed using in place of salicylaldehyde the ortho-
hydroxyaldehydes: =2-hydroxy~3-methoxybenzaeldehyde, 2~
hydroxy-3-ethoxy~benzaldehyde, 2<hydroxy-3-p-propoxybenzw
aldehyde, 2~hyéraxy»&»gy%nﬁaxfbeﬁzaléﬂhyéa and 2-hydroxy-3-
n-amoxybenzaldehyds, These preparations were made by the
aleohol method mentioned earlier. The various propertiles
of these materials of importance im their use as oxygen~
carrying meterials were determined.

N 9. Oxygep-cerrying materisls containing two different
ortho-hydroxyaldehyde groups were prepared by mixing so-
lutions of two Schiff's bases and converting the mixtures
to a cobalt derivative, Several preparations of this
character were made using variaasfmﬁlaaalaflprepﬁrﬁiana
of disalicylalethylenediimine snd 4l-{2-hydroxy-3-ethoxy-
benzal)ethylenediimine., The products obtained carried
oxygen in the expected amounts but thelir pressure-~tempersture
oxygenatlion charscteristics varied merkedly from those of
the pure materiels, the temperature of oxygenation at
atmospheric pressure being Invariably considerably lower.

10. The five properties: oxygen-carrying capacity,



time required for oxymenation, oxygen presﬁaré ebove whieh
the time for oxygenation does not appear to decrease,
minimum deoxygenation tempermture, and hygrassayinity were
determined for all the various oxygen-carrying materisls

developed.
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