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I. ..bstract

1. The recommended procedure for the preparati¢n of di-(2=
hydroxy-3~-nitrobenzal)ethylenediimine cobzlt is repro-
ducecd. v

Z. TFurther studies of the tewperature of activetion of the
hycrate first formed in the preparation of di-(2-hydroxy-
3-nitrobenzal)ethylenediimine cobelt jndicete th t the
material rcquires temperatures of about 125-330° for
razid activation.

%. The rate of oxygenation of oi-{2-hyuroxy-3-nitrobenzal)
ethylenediimine cobualt wes measured at verious tempera-
tures and humidities. The rate of oxygenztion is more
or less independent of the temperature znd 1is affected
somewhat b; the rmositure content of the air. ~hen the
nadsture content of the wir is above ) mg. of water per
liter the competing absorption of oxygen and moisture
becowres apparent, anc tihe anount of oxygen decreases
as the mwoisture coantent of the alr increcses.

11. heview and Cbjective.

The early work dealing with the preparation of di={3-
nitrosglicylael)ethylenediinine cobalt is described in the
Report XIV. Studies on the method of preparing the naterial
and the early difficulties experienced are described t..ere,
Thne steps in the preparation of the materisl are : (1) the
nitration of salicylaldehyde, (2) the separation of the 3=
nitro anc S~-nitrosalicyleldehydes so obtained, {(3) the
condensuation of 3-nitroszlicylaldehyde with ethylenedisnine,
(4) the conversion of the latter compound to its hydreted
cobult derivative, und (3) the activation of the latt=r to
yield an oxygen-carrying material. The various steps in
the preocedure have now been well worked out (see Leports
XV .nd £XIV for the nitration step) anc the yields are
excellent, the major disadvantuce beins in the loss of
about helf of the sclicylaldehyde to the useless S-nitro-
snlicyleldehyde. The vemperature of activaetion, that is
of eliminating the water from the hydrate f{irst formed,
to yield &n oxysen~carrying naterial, was not completely
deternined in the earlier work.
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/s implied in the earlier reports, the rate of oxyrena=-
tion of di-(2~hydroxy-3-nitrobenzalldehyde is influenced by
the huwaiidity of the =ir., Thile subject is of irportance and
requires further stuwy. The »rincipal object of the work,
therefore was to study the rate of oxygenstion of di-(2~
hydroxy-3-nitrovenzal)ethylenediimine cobalt as it is affect~
ed by temperature, pressure, znd humidity.

III. ERecommended Frocedure. for the Nitretion of

‘velicylelaehyae, the lep:retion of 3-llitro-

* end S-Nitroslaicyrleldehyde, &nd the .resara-
tion of pDi-(2- nyuxOAV~u—n1troben~al)ethylene-
diimine Cobelt.

(1) Tue Nitretion of tulicylaldehyde. 1In a 5 liter, 3-neck
flask, cguivped vwith & notor driven stirrer, a dropping
funnel, : thernmonetcr, anc a vacuum line to carry off
the fumcs, plece aooo 7. of glacial acetic acid and 500 g.
of -salicylaldehyde (technic:l). Cool this solution in
an ice babth to 25° and then start the slow add tion of
the nitric scid., During the next 2.5 hours add 400 g.
of 98 per cent nitric acid, sp. gr. 1.50. This acid
must be added slowly and after the first 100 <. has been
aaded the teuperature should be reduced to less than
15° and held below 15° until the addition is complete.

ifter all of the acid has been added, remove the solu-
Lion frorm the ice bath and «zllow it to warr. to about
43°, This will tske from 1-2 hours. ‘hen the tempere-
ture reaches 45°, immediately n-ur the material into
10 liters of water containing sone cracked ice, let
the material stand at least 5 hours, then filtcr off
end dry. The yield frowm this procedure is about 92
ver cent, calculated on the baslis of the technical
grade salicyleldehyde ac 85 per cent pure.

(2) The Ceparation of 3-Nitro from S~ Nitrocalicyleldehyde.
Dissolve 4 parts of the mixture " of isomers in B0 parts
weter and 1 part of sodiwi hydroxide. Hest until 211
of the naterisl is in solution, anc allow it to cool
slowly by standing overnight. TFilter off the crystalline
sodium sult of the S5~nitro s:licylaldehyde and treat
tae filtrate with 1l:1 sulfuric acid until no more material
is vrecipitated on further ecdition of =cid. Filter
off tihe pure Z-nitro sslicyl: ldehyde.

12b2148
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{3)

In order to further purify the S-nitro szlicylel-
dehyde rcerystallize the sodium selt of S-nitro sal-
icylaldehyde twice from 6 tirmes its welicht of water.
Dissolve the resulting pure sodiw: 5-nitro sslicylulde-
hyde in 6 times its weizht of weter snd acidily with
1:1 in sulfuric acid until no nore nrecipitate appears.
Filter off and dry the 2ure S-nitro salicyl:cldehyde.

In order to obtain the isomer of 3-nitro selicylal-
dehyde which will glve &n oxysen carrier dissolve the
--nitro salicylcldehyde prepared above in tvice its
welght of hot alcohol znd place the resulting colution in
a well insulated container. 4#llow the solution to stand
2 or 3 days without disturbing ana then filter off the
large dark brown cryc:tals of the high :.elting isoner,
ti.p.: 108-110°.

The Prepsrstleon of Di«{2-hydroxy-3-nitrobenzal)ethylene-~
@iiaine Cobult., Dissolve 2 moles of 3~nitrosslicylalde~
hyde (m.p.: 108-110°) in 1500 ml. of hot 95 ver cent
elcohol. To this solution sdd 1 mole of ethylenedianine.
Cocl the solution snd filter off the orinre-yellow prc-
cipitate. 17ix the Schiff'®s base without drying into

10 liters of hot water. Ada 2 moles of sodium hydroxide
and 2 moles of sodlium ecetate dissolved in 1 liter of
woter. To ' the resulting meterial add 2 moles of cobalt
chloride dissolved in 1 liter of water. Digest the mix-
ture on a steaw bath for 6-8 hours. Filter snd dry the
meterisl at 10C°. Activate the dried compound either

in a vacuun oven at 120° or under infra red lampse.

IV. The sctivation of Di~(2<hydroxy-
3-nitrobvenzal)ethylenedilmine Cobalt.

The compound ! i=-(2~hydroxy-%-nitrovenzal)ethylenediimine

cobalt is obtuined by the usual nmethod of prepurstion in
the Torn of & hmdrate. The loss of water upon drying is
graducl zre there seexs to be o definite temperature at
whieh the hydrate begins to decompose.

Studies on the activation of the 3-nitro compound have

shown thet the materiel mzy be cctivet-d in sir at ¢ tempera-
ture of 12U-130°. .t this teumperature no apparent decomposi-
~ tion resuvits but the rate of activation is not rapid, about

- 4 -
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24 hours heing renuired. Under e vacauunm the 3-anltro compound
may be setivatad at a somewnat lower tenperature. There does
not seen to be z definite Ooptimum temperature for the activa-
tion. Ixperizments have shown that the sctiveticn will ocour
at a temperature of 90-95° under a high vacuum. but only very
slowly. 0Only et a temperature of 120~125° unfer & vecuun

can the rate of activation be considered repid.

In another experiment a sanple of S-nitro compound vas
partly attivated at room teumperature in a vecuum desiccator
over shosphorus pentoxide. 4 sample activated in this manner
carried 2 per:cent oxygen, however, activation in thie manner
required seversl days.

V. The Rate of Oxygenation of Die~(2-hydroxy-
3-nitrobenzal)ethylenediimine Cobalt.

4 number of the earlier determinations of the rate of
oxygenstion of di-(3- -nitrosalicylal l)ethylenediinine cobslt
were mede b meauurlnr the increase in weipht of 2 gless
stoppered U={ube contsining the compound on the passapge of
311 or oxygen throuph the tube, This method vas gulte sata

isfactory, dlthﬂu”h the compound would often olu" the glas
wool filters and thus prevent an adequsie gas flow throunh
the U-tube. The oxygenation rates were determnlnsted at
verilous temperctures by plecing the U-tube in a water bath
at the temperature desired. The glass stoppered U-tubes
used in these rate deterninations hazd cross section of about
0.5 in. The temperature of the compount was probsbly not
mzintained very constant during these determinstions since
no prov351on was made for controlling the temperature of.
the gas moving throush the compound «nd since the tempera-
ture of the bath wes often quite recmoved from room tempera=
ture. This method was also very time consuming.

It was found thut di-(2-hydroxy~sJ-nitrobenzal)ethylene-
diimine cobalt absorved water as well as oxygen if the ailr
or oxyecen used was not throughly dried. Therefore a study
was mede to determine the correlation betveen the quantity
of water present in the gas anc the rate of oxygenation,
the oxygen sressure and tenperature being held constant,.
The humidity of the in-going gas was adjusted hy passing
Yhe gas through sulfuric zacid solutions of various concen-
traticns or through suiteble saturated selt solutions. The
gain in weight of the U-tube was uecsured and the oxygen
evolved and its volume determined. The weight of oxygen
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absorbed wes then calculated and this weight of oxygen substrate
ed frou the goin in weights of the U-tube. The difference in
weisght was then equal to the weicht of water absorbed. The
rate of obsorption of water was assumed to be lineasr during
the period of oxygenation, the rate of absorption of water per
minute wes calculated, and t“is velue wss applied s a correc-
tion to the welight of the U-tube at each interval durine the
oxygenation. There was thus obtained the rate of oxy~enstion
plus hydretion end the rate of oxyzenation slone. ilthough
this method way not be absolutely correct since the absorption
of water .ay not have been linear, it is felt thet any error
involved could: only be very small. :

The data obtained for the rzte of oxysenation plus
hydration and the rate of oxy:;enation alone at atmospheric
pressure and room tenperzture at relutive humidities of 0,

O, 10 and 58 per cent sre shown in the accompsnying three graphs.
~.. saturated zinc chloride solution was used to adjust the humid-
ity of the air (o 10 per cent; sulfuric ecid of =2, gr, 1.67

was usea LO adjust the humldity to U per cent; the atmosphere .
as used directly had a huwnldity of 96 per cent.

The graviietric method, described ubove, Tor determining
the rute of oxygenction of the compounds under study wes rather
wedious to carry out ahu subject to certain cisadvantages.

The follocwing volumetric methou for determining the rate of
oxygenction was alcO used although it could be adapted only

Lo mecsuring the rate of oxygenetion in pure oxygen. The
avparatus ic vpictured in the sccoupenying éraving. The U-tube
wag filled with & weighed sample of the compound. The sample
was then deoxygenated and adtiveted by immersing the U-tube

in & bath of boiling saturated sult solution. .t the seme time
& strecm of dry nitrogen was passed slowly throush the U-tube
to sweer out the oxyszen and water. Lis soon es the deoxyesena-
tion apnd activation was complete, in approximstely 15 minutes,
the stopcocks on the U-tube were closed =nd the U-tube installed
in the rate apparatus. ,umple time was sllowed for the compound
tc cone to the temperature of the beth, Then the U-tube and
train up to the oxygen tunk evacusted. The buret vas filled
with oxygen {ro:: the cylinder. A salt solution was used as
retaining 11 uld in the buret =0 &s to rsive the oxrren contained
in 1t the desired humidity. “hen the evacuution was complete,
“he v.cumm »wip wss stopped and the stopcock on the U~tube

was closed. Then the stopcock on the buret was turned in
such a nanner zs to edwit the oxygen to the U-~tube. The level-
ine bulb vies so hsndled that the pressure of the oxy~en re-
wzined as degired throush the run. Buret readings vere taken
at timed intervuls anu froii the volume of oxysgen absorbed and
the weight of the sample the weisght per cent of oxyrcen absorbed
was cclculated,

-6 -
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The rete of oxygenatlion of di-(2- hydroxy~3«nitrobenzal)
ethylensdiinine cobult was determlneu u°1nr this apperatus
at 24°, .6°, 55°, 70~-72° , 76-77° , ané¢ 87°, The resuits are
shown graphicslly intthe accompanyine figure. - The rate of
oxygenation of di-(Z-hyaroxy-3-nitrobenzal)ethylenediimine
cobalt Phanved only slightly with tempersture. This 1is parti-
cularly ianteresting since the rate of oxygenation of the
parcnt, \y~en currying compound varies grestly with tenpera-~
ture. : .

The point at which the rzte curve levels off depends
markedly upon the oxygen pressure, thut is, the higher the
Oxygen pressur¥e the nearer to the theoretical, oxyren carrying
capacity the rate curve approaches before leveling off.

Bven when deoxygenated, di-(2-hydroxy~5~nitrobenzal)ethyl-
enedliumine cobzlt was placed in un oxygen boub at 200 psig.,:
it Jid not quickly become entirely saturated with oxygen. In
fuet spproximately 30 minutes was required for the last few
tenths per cent of oxygen to be absorbed. However, when the
compouns was saturated with oxygen &t 200 psig. it did not
lose oxygen when the oxygen pressure vas released.

The role thet wizter plays in the rate of oxygenation of
di-{2~hydroxy-3-nitrobenzal)ethylenediimine cobalt is not
entirely clear. spparently the rate of oxygenstion is slight-
1y faster ln air or oxygen containing & smzll zmount of water,
vhat i, &t relative humidities of 10 per cent or less. Al
the sd$u t .me the compound is rendered inactive by the absorp-

tion of water. The deoxyﬂenatea compouna upon sbsorption of
water ’HL%C gltely turns yellow.

e
-
=R

Vi. The Absorption of Koisture and of uxygen by
Di~{2-hydroxy-3-nitrobenzal)ethylenediinine
Cobhalt.

ies of weighed senples o the sctivated di-(2-hyuroxy-
d=pitro })ethyleneullliqe cobelt viere exposed to air at
control¢u» hunicities and allowed to come to oxyegen and water
ecualibrium. The moistii e content of the air anqed from 25 mg.
te 0.2 . per liter, atteined by the vropser concentration of
Lfurice ccid in the bumifiers. ..t the end of 72 hours each

suumplie wao welshed, then deoxy cnated and dehydretcd by placing
in an electrically heatcd tube at 130° nd pessing dry nitrogen
over the samole. The moisture evolved was collected 1n a

A -.‘381
kel

5”
‘3’ ,:3
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J-tabe Ffilled vith magnesium perchlorate. The sample wes
then cobled in a vacuun desiccator and weighed to obtain

the total loss in weiht which 1s eqguivalent to both the
oxygen end moisture &buOfb@do Trom the weight geined by the
U-tube and the total loss in weight, the auount of moisture
znae the amount of oxygen absorted at ewch humidity was cal-
culated. The table bhelow swinerizes the results obtalined.

Pdensity Per Cent Iig. Vatcer Per Cent Pexr Cent
BpS0s - HS80, per Liter Oxygen Tlater
- air Absorbed Absorbed

Y 1.289  39.6  25.4 1.93 1.98
Iz 1,450 55,5 11.4 2.16 1.40
iIx l.521 €2.1 Dok o -
iv 1.828 71.6 L.7 2.6 0.6
v 1.740 8l.2 0,24 2805 0.3
QSauplf 3 was loct during the course of this run.

From %he graph in the accompanyin: fisure 1% is spparent

the shsorption of oxyren decreases markedly with inercecsing
r content in the c¢ir. However, by comparlson with the
A found for the congounce Co=0x L, Peﬁort AXXVIIT, Cec-
vion V, it will ve evicdent that the effect o mois ture on the
-pitro cowmpound 1s much less. However beca\ gse of this conmpet-
ins absorution of water «nd oxygen, the «ir ennloyed to oxyzen-
ate the coumpound when used for productlon of oxygen should be
thoroushly aried.

In every case upoa aeoiygenation cad deliydrsbion ab 130°
samples returned o thelr origanW weisht chowing that all
oot thc molsture hed been removed ab bhis uemparft ure. “he
b ivility of erobirely removing absorbed nolsture st a much
tover tonoex ﬁtus: hes not as yet been definitasly ascertuinzsd.

1262208
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