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I. INTRODUCTION

S2alcomine can become inactive by both physical
and chemical changes. At least one inactive form, "inert
red isomer", has been identified. In practice, the most
probable reeagents for the degradation of Salcomine are
water and oxygen. Consideration cof the structure and
properties of Selcomine indicate that water alcne should
have little deleterious effect; oxygen, however, particularly
in the presence of water, might gilve rise to & number of re-
actions, any of which would result in inactive products that
initially differed 1little in forwmula from the original
material,
CHz - CH:
H ! !
= T al
C =N N = C

\
/{bﬁi& / - N\ /*\

Ny T TN

It seems apperent from the data presented in the reports of
Calvin and Diehl, respectively, that introducticn of oxygen as
hydroxyl on the aromatic nucleus in vositions 3, 4, & or 6
should result in an inactive material, as deoes irreversible
oxldative addition of hydroxyl to the cobalt. Irreversible
severance of any bond or addition of oxygen at any bond out-
side the arowmatic ring would alwmost certainly desctivate the
molecule. In other words, any reaction whereby oxygen is
added irreversibly to the Salcomine molecule should result

in an inactive compound.

7
Py
7

The analysls of degraded Sfelcomine should provide
information on the amount of undegraded material remaining
and on the natures and amounts of the various degradation
substances which may include inert isomers as well as end
products of a series of reactions.

This report presents detalls on the procedures
which have been developed to date for the quantitative
analysis of Salcomine. The application of these procedures




to the analysis of a series of sawples progressively degraded
under carefully controlled conditions may lead to a clearer
understanding of the mechanism of degradation under the
conditions chosen.

It should be remembered that Selcomine samples,
varticularly those degraded in large equipment, may not
be homogenecus; furthermore, Salcomine may change in composi-
tion on long standing at room temperature as indicated by
decrease 1in capacility.

In this report two samples of undegraded (SL-174
and Rumford C.P.) and two samples of degraded (L-1 and
L-2) Salcomine have been studied in some detail. A
description of these samples is contained in Table I.

Sources of Salcomine S:mples Studled
in this Renocrt

No. Tame Date Rec'd Description
1 S2L-174 8/17/42 Rumford Salcomine, part of

large shipment for semi-
works study by DuPont

n

Rumford CP* 6/15 /4% Used in preparation of standard
degraded samples

Rumf'ord ng -high Salcomine
Deen bed, 600 cycles, 80# psi
and 1 atm., M.T.T.

47 of original saturation at
80D cveles

3 L-1%* 12/23/42 Eﬁumford High-high Salcomine
challow bed, 1350 cycles, 80#
E psi and 1 dtm M.I.T.

25% of orlglnal saturation at

( 1320 cycles

L L-oxx 12/23/h2 é
\
(=
(

¥Refer letter, W. E. Catterall to D. M. Smith, 6/12/43
**¥Refer letter, F. ©. Bacon to 4. T. Larson, 12/16/42

II. SUMMARY

1. Methods are presented for the guantitative
analysis of Selcoumine.
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2. Four samples were analyzed by these methods
and the results interpreted as follows {compositions in
moles per ten moles of cobalt):

Fragments
% Compounds De-
Max. of graded
Capa- Qalcomine Alde- Am- Alde- Co-
Sample city* Formula** hyde Acld monia hyde Dbalt
SL-174% (Un-
degraded) 83 9.2 0.8 0.6 0.8 0.2 0.8
Rumford CP
(Undegraded) 80 9.3 0.3 0.2 0.EF 0.4 0.7
L-1 (Degraded) g 6.8 1.2 2.6 4.&5 2.6 3.2
L-2 (Degraded) 12 Toh 1.5 3.5 3,F 0.3 2.0

3. The great disparity between the ¢ maximum
capacity and the content of cowmpcunds of Salcomine formula
indicated the presence of inert "isomers'. These "isomers"
should have the general structural arrangement of active
Salcomine but probably were at least partially in the
cobaltic form and possibly contain water of hydroclysis,

L, A mechanism is »ropocsed for the formations
of the observed degradation Iragments.

5. A procedure is recommended for the chemical

-

analysis of degraded Selcomine.

III. EXPERIMENTAL: ANALYTICAL PROCEDURES AND RESULTS

A. Elemental Analyses

Direct analyses were made for total oxygen,
nitrogen and cobalt, respectively, as well as for per
cent volatile at 110°C. and capacity.

(1) Total Oxygen

The oxygen was determined by a wodification of
Ter Meulen's procedure*** in which 100-15C mg. of sample
*7 Max. Capacity vas deflned as (mg. O absorbed per
10 mml. Co) : 160 (8cction IIIA, Table III).

~

*¥See paragraph 3.

*¥¥*Jee Creamer, 2jothun and Oneacre, Pro. Rub. Tech.
Conf., 572 (1938).
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was heated first in a stream of dry hydrogen at 200°C. to
remove all volatile material (which was discarded), after
which the sample was heated in hydrogen above hoo°c. until
completely decomposed. ‘The decomposition gases were passed
slowly over a nickel hydrogenation catalyst and then through

a trap at -80°C. which retained all the moisture and little
else. _When decomposition was complete, the trap was evacuated
at 1072 mm. at -80°C. to remove hydrogen; the volume of water
vapor in the trap was then measured at constant temperature
and pressure (below saturation) and finally tested for purity
by absorption in a P,0z tube. The enalyses, in order of their
determination, were as follows:

Nc. Wt. % Oxygen
Sample Determinations (Ave. Value)
SL-174 4 9.6 T 0.2
L-1 3 132.2 1 0.6
SL-174 1 3.6
-2 2 11.1 £ 0.1
SL-17h 1 3.5

The observed value for SL-174 (9.6%) eorresponded
to a molecular weight of 333 (9.54¢ = 337) as coumpared to
339 from the corresponding cobalt analyses below.

(2) Total Nitrogen

2.0 grams of sample was weighed into an 800 ml.
Kjeldahl flask, then 50 ml. of 6N sulfuric acid plus 400 ml.
of water was added. The water and aldehyvde were removed
by slow concentration over an open flame. When the sample
started to decompose, 20 ml. of concentrated sulfuric acid,
£.0 grams of potassium sulfate, plus a pinch of copper
selenate catalyst were added. The sample was then digested
over a very hot flame for 3 hours. After complete digestion
the sample was cooled, 250 ml., of water and 200 ml. of 30%
NaOH added, and the smmonia was steam distilled from the
alkaline solution. The distillate was ccllected in 0 ml.
of 0.EN hydrochloric acid solution, and the aswmonia determined
by back titration with O.EN scdium hydroxide to methyl red
indicator.

(3) Total Cobalt

3.0 grams of sample was welghed directly into a
tared platinum dish and 75 ml. of 2N sulfuric acid added.
The sample was then evaporated to dryness under an infrared
lamp. The dry sample was placed in a constant temperature
muffle furnace at 400°C., and treated several times with a few
drops of 6N sulfuric acid, heating zfter each treatment,
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until a clean red, homogeneous salt was obtained. The sample
was rinally heated to constent weight, then weighed as
cobaltous sulfate,

A platinum dish containing no sample was used as
a tare in weighing.

Loo°C. was used as the maximum safe temperature
at which Co30, wes stable,

The molecular weights were calculated as the grams
of sample. required to contain one grumrﬁtom of cobalt. Thus,
"10 mml. of sample" meant that weight of meterial containing
10 mml. of cobalt.

(4) Per Cent Volatile at 110°C.

3.0 grams of sample was weighed into a tared
tall form glass capped welghing bottle and heated in a
constant temperature oven in a slow stream of nitrogen for
90 minutes at 110°C. While still hot the cap was placed
on the bottle which was then allowed to cool in a nitrogen
desiccator and finally weighed (tightly stoppered) against
the tare.

(E) Capacity

The deoxidized sawple from (4) above was then
placed in an oxygen desiccator and the cap removed. After
standing overnight the sample was recapped and welghed.
(The sample was then titrated with XKarl Fischer reagent
as discussed in Section IIIC.)

Notes on Elemental Analyses

{2) Totel Nitrogen

Using the standard procedure on pure compounds,
the following results were obtained:

Semple Theor. # K Recovered & N
Benzamide 11.e7 11.50
falicylamide 10.22 10.1E
Ethylenediamine 31.70 31.60, %1.70

(3) Total Cobalt

Using the standard procedure on pure (Co(Clz-6 Hu0
the recovered ¢ Co was 24.87 as compared with 24.77
theoretical.

1259889


http://cglami.de

0b8bGZ I

*1054d00 ATTBIIUBISQNS Sdam oACqR ueatS se satytoedeo oy} ey} JuUTFEOTDUT ‘o0°tr ‘0T
‘o°t1 IO gsuo1qdJosqe pus sSOT [BIFTUTL %91 aard oTdwes *Jg° ) pdojumny °Uj Amd\m\@
‘ouTwOo RS W j4odey TeWIOL) PTeTd “¥ FO enbtuyoeq oyz Jursn ‘3sey JuTToLosd B Ulsx

51eoTTdnp UT SUOT}BUTWIOLSD TIV:

Lt ThE 7709 LT ¢+ l1 g 16 Te0T39J03Y]
¢oc0 7 960 Of¢ 1°66  T'0 ;AN 00 ;AT 0036, TO) T'IT -1 T
1070 7 Mo &Ll 06 2707 9°¢ 0°079°LT 00059 9°0F AT -1 ¢
00 ;e8¢ 9¢¢ T°0 79 705 €Ll 0°0 6L J) paoyumy 2
00 7 6¢ 66 ¢t09 0°0 ;L 00 FMLT 0003078 20196 TLT-18 T
Lf7T0BdB)  JUSUO) TTI3tq £q4 TD.0TT 3T®40D TWedod3ty  uesfx) oTduBg “on
op woay W % O 3B 8s0T  T®I0L 18307 Te30%

<qm O T®30]

(squeo Jod JUZTeM UT
pesseadxe seuTes TeoTjATeUe [1¥) ,8UTWOOTRS U0 sesf{euy [BIUSUSTY

T oTq®l
YIIT U0T3985



Section I1IA
Tevle IT

Bunirical Formulas from I lementel Anelyses on
calcomine, Table I (fection ITTA)

Carbon-

No. Semple Oxygen  Nitrogen Cobalt  Hydrogen™
1 SL-174 2.0 1.9k 1.0 1.7
2 Ruuford C7 1.69 1.0
3 L-1 2.3 L.ol 1.0 1=.0
b L-2 2.k 1,04 1.0 15.4
Theoretical 2.0 2.00 1.0 156.0

*The values for carbon-hydrogen were calculated
on the essumption that the ratio of carbon to
hydrogen was exactly 1 to 1; actuelly, for pure
salcomine et least, the ratio wes 16/14, 1 other
words, it was assumed in coumiling the C-H/Co ratios
above thet the (C-H) in each sample had an &average
"atomic weight'" of 13. Sample calculation (from
Table I): "gram-atoms" of C-H per 100 grams for
cL,-174 = £0.% + 13 = 4,64, Gram-atoms of cobalt
per 100 grams sample = 17.4 3 59 = 0.295. "Atoms"
of C-H per atom of cobalt = 4,64 : 0.295 = 12.7.

1259891
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Results of the above analyses are summarized in
Tables I, II and III. It was apparent from the data of
Tables I and II that unused Salcomine had a N/Co ratio
smaller than the theoretical 2.C. On cycling, the N/Co
became smaller still, the C-H/Co ratio dropred below the
theoretical 16.0 and the 0/Co ratio increased abeve the
theoretical 2.0. The drop in C-H/Co ratio weas in line with
experimental observations of carbon oxides in off-gases
during cycling.

In Table IIT are presented some further data on
the nature of the materials volatile at 110°C. ZHvidently
the off-gas in each case was predominantly oxygen and water.
The oxygen 1in the off-gas corresnonded well to the observed
capaclity in all ceses except that of L-2 which presumably
absorbed oxygen at & relatively slow rate.

B. Distillation Analyses

As a result of many trials, including detailed
control experiments, a standard scheme of distillation
analysis was evolved and is presented below. (This scheme
could be modified by omitting sowme steps depending on the
emphasis to be placed on the results, particularly as
regarded the agueous acid-insoluble material.)

3.0 grams of sample was weighed into a (T8 29/42
neck) 500 wl. round bottom distillation flask, then deoxi-
dized by heating for 1-1/2 hours in a 110°C. oven under &
stream of nitrogen.

On removal frowm the oven the flask was tightly
stoppered until connected to & modified Claison head
equipped with a sintered glass sparger extending to the
bottom of the flask and & separatory funnel (Fig. 1). A
slow stream of nitrogen was passed through the sparger,
then the flask stopper was quickly removed and the flask
connected to the distillation apnaratus. A slight positive
pressure of nitrogen was maintained throughout the analyses.

(1) Aldehyde

100 ml. of 1N sulfuric acid was passed 1n
through the separatory funnel and 180 ml. of distillate
removed at constant pot volume (100 wml.) by the continuous
addition of water. The distillate was passed into 70 ml.
of 0.EN hydroxylamine hydrochloride solution in 80% methanol
which previously had been adjusted to pH 2.5. The hydroxyl-
amine hydrochloride was contained in a 250 ml. graduated
receiver carrying a side arm. The tip of the condenser was
elongated to reach nearly to the bhottom of the recelver so

1259893



that any aldehyde vapor was removed by scrubbing through
the carbonyl reagent. Carbon dioxide was then removed

by the barium hydroxide scrubber attached to the receiver's
side armn.

T"he aldehyde was determined according to the
stolchiometric reaction, R-CHEC + HQNOH-H+ = RCH=NOH + Ho0
+ H+, by potentiometric titration with O0.EN sodium hydroxide
to the pH of a control consisting of 7C ml. of 2.5 pH,
0.EN hydroxylamine hydrcchloride solution plus 180 ml.
of water.

(2) Steam Voletile Acid for Aldehyde Correction
and Total Volatile Acid

The pot was cooled and a fresh recelver placed
on the apnaratus. An additicnal 180 ml. of distillate
was removed at constant pot volume (100 ml.); this dis-
tillate was titrated with 0.1N sodium hydroxide to phenol-
phthalein endpoint. Then an ewpirical correction was made
on the aldehyde analysis by subtracting 0% of the total
acid in the 180 ml. of distillate from the aldehyde vealue;
this correcticn was established by potentiometric titrations
to pH 2.5 on controls cocnsisting of hydrexylamine hydro-
chloride, water and salicylic acid. (Selicylic acid was
identified by the optical examination of the dried ether
extract of this cut.) Although the 50% valuc used was
established empirically (it represents the difference
between titrating to pH 2. and to the phenolphthalein
endpoint), the volatile acid was determined as above on
each sample.

The acid titer to phenolphthalein was multipnlied
by a factor of two (on the assumption that an equal amount
of acid was removed in the aldehyde distillation) fto give
the "Total Volatile Acids".

The pot liguid was then concentrated ‘to 50 ml.
volume. The distillate was titrated with 0.1N scdium
hydroxide and the acid titer included in the calculation
of steam volatile acid.

(3) Aqueous Acid Inscluble

The pot residue was filtered through a tered,
sintered, glass-bottomed crucible and the acid-insoluble
material weighed after drying at 110°C.

(4) Residual Acid

The clear filtrate was extracted with 3 x 50 ml.
of ether; the ether extract was set aside to be combined

1259894
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with a similar extract later in the analysis; the water
layer was returned tc the still.

(E) fmmonia

To the water layer in the pot there was added
15 ml. of concentrated sodium hydroxide (1:1, CCo-free)
and 200 ml. of methancl. 200 ml. of distillate was re-
moved, the distillate being absorbed in 0 ml. of 0.1N
hydrochloric acid which was kept at 0°C. (The low tenpera-
ture prevented the formation of methyl chloride in the
distillate while the methanol in the still kept the vapor
pressure of ethylenediamine so low that no appreciable
quantity distilled. Awmmonia was determined by back titration
of the distillate with 0.1N sodium hydroxide to methyl red
indicator. (Ammonie was identified in these cuts by prepera-
tion end determination of the optical constants of the
picrates.) A well dispersed stream of nitrogen was neces-
sary in this operation to prevent bumping,

(6) Ethylenediamine

After the removal of ammonia Lhe separatory funnel
was filled with xylene, then ethylenediamine and water
removed by continuous distillaticn with xylene. Xylene wes
removed until the distillate snowed no alkaline test with
bromphenol blue indicator. The distillate was passed into
methanol to homogenigze the water-xylene layers, then ethylene-
diamine was determined by direct titration with O0.t5N hydro-
chloric acid to bromphenol blue indicator. (Ethylenediamine
was ldentified in these cuts by the optical constants of
the picrates.)

(7) Carbon Dioxide

The pot was reacidified by the acdition of
100 ml. of 3N sulfuric acid, then the ofi-gas from the
distillate was passed through the barium hydroxide
scrubber originally used. (Most of the CU, was recovered
at this point.) The distillate was again titrated with
0.1N sodium hydroxide to phenolphthalein and the titer
included in the calculation of tectal volatile acid. The
contents of the barium hydroxide scrubber were washed into
a 600 ml. beaker using water, the excess harium hydroxide
titrated to phenolphthalein, 20 grams of sodium chloride
plus a recorded excess of hydrochloric acid then added,
and the barium carbonate determined by back titration with
0.2N berium hydroxide to methyl orange indicator.

1259895
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(8) Residual Acid

The pot liquid from the carbon dioxide distillation
was extracted with 3 x 50 ml. of ether. The ether extract
was combined with that from step (4) and weighed after
evgporation to dryness.

(2) Residual Nitrogen

The water layer from the ether extraction was
transferred to a Kjeldahl t'lask and treated with 20 ml.
of concentrated sulfuric acid, =.0 grams of potassiunm
sulfate, and a pinch of copper selenate catalyst. The
sample was then digested for 3 hours over an open flame.
Nitrogen was determined as ammonia by Kjeldshl distilletiomn.

Notes on S8tandard Distillatlion Procedure

(1) 2ldehyde

Control exneriments using the procedure on 17-20
mmls. of pure salicylaldehyde gave 99.8-100.1% recovery.
With 7-18 mmls. of salicylald-ethylenediimine the recovery
was 100.0-100.2%. =Salicylaldehyde in the presence of
cobalt or cobalt plus ethylenediamine gave 100.1-100.3%
recovery.

In the presence of 5.5 mwl. of salicylic acid
11% mml. of salicylaldehyde gave 101.7% recovery (1.T7%#
0.24% mml. acid). Controls on salicylic acid alone (see
note 2) gave 0.24-0.42 mml. acid.

b

(2) Steam Volatile Acid

The standard distillation procedure was carried
out in two experiments with resvectively (a) salicylaldehyde
plus salicylic acid and (b) salicylic acid alone. The
acid recoveries according to steps* were as follows (data
in mnls.): :

¥*Qteps in standard distillation procedure indicated
in table by numbers in parenthesls over columns.

125989b
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(£) Ammonia

The standard procedure of sten (£) was performed
on a series of samoles as follows:

mrls ., mmls. Volatile
Scuple Taken Base Recovered ¢ Recovery
NHs 14.57* 14,39 100.1
NH, 0AcC 17.067 16.5% g7.0
NHs (447 mml. )
$OH- CHO) .07 8.04 99.06
EDA 9.89 3.0 0.0
*¥This sample containcd wmoisture for which no
correctlion was applied.
(6) Bthylenediamine
The standard procedure of sten (&) was verformed
and

on a mixture of salicylic acid, cobaltous cxlorLde
- s M f
11.63% mml. of ethylenediamine; recovery was 11. 28 mmi., I7%.

The upver part of Teble I presents a summary of
results obtained by the standard distlillation procedure
ocmitting steps (3) and (ﬂ\; the lower »art of Table I
presents results on 2L-174 snd I.-1 by the unabridged
procedure. Tables I, II, III and IV show respectively the
nitrogen balance, weight bslance, carbon balance and oxygen
balance based on the analytical data of Table I and
Table I, 3ection IIIA. f7The only assumptions made in drawving
up these tables were that (1) the volatile acid and (€0
represented salicylic acid and (2) the residual nitrogen
was contained in a cowmpound having the emplrical formula
(£.0-+.CH=N-CpHs-N=). The assumption of salicylic acid and
the ethylenediamine compound respectively could not be
greatly in error stoichiometrically. (The molecular weights
of the residual nitrogen compounds must have been greater
than that of ethylenedlaMLnr and less than that of Salcomine.)

It was apparent frow Table II° that the distil-
lation procedure gave a quentitative picture of the composgi-
tion of both undegraded Selcomine (cam31es SL-174% and
Rumford CP) and degraded Sclcomine (samples L-1 and L-2).
Table I showed that the nitrogen in all the samples was
accounted for guantitstively.

The tsables indicated that for samples L-1 and
L-2 an appreciable amount of cerbon and oxygen as well as

*The high totals for the lower half of the teble were
due principally to counting a swall portion of organic acid
twice, i.e., as calculated from the C0p analysis and the ether
extract. Correction for the overlap would reduce the total
for sample L-1 from 102% to about 95%.
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some nitrogen was contained in the non-volatile acid-in-
soluble residue end non-volatile ether extracts. Table V
as well as Table II indicated that the non-volatile acid-
insoluble and ether extracts must be predominantly carbon
(hydrcgen) and oxygen. The acid insoluble was analyzed for
severel different types of degraded Salcomine and found to
avefhg about ¢ C and % H (Theor. for selicylic acild,

C7HEU3, O1F C, 4% 1) with 2—4# Il end, in the one case
analyzed, 3-47 Co. The amount and exact couwposition of the
non- volatl¢ acid insoluble residue and ether extracts
depended somewhat on the analyticsl procedure but these
meterials were obviously derived from salicylaldehyde and
were showrn to contain very apprcciable amounts of sallcylic
acid.

Table V showed thet sample SL-174 could contadn
no anpreciable amount of cobeliic oxide, but the cobalt in
sample L-1 could be completely oxidized (with one oxygen
per twe cobalt atoms) and saumple L-2 could kave & maximum
of 20% oxide. The ratio of left—over ¢/0 (from Table V)
for samples L-1 and L-2 wes close to 2/1 as couwpared to
2,3/1 for salicylic acid or ammorium salicylate. On this
basis, sample T.-1 could contain zbout 40F of cobaltic oxide
(coordinated).

Fo L—‘

ﬁ

Table VI showed the maxi
possible in the samples and the fr

mum Sé&
agmen
calculated from the date of Table I.

1leconine content
ments

nts remaining,

1259899
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C. Reactions with Karl Fischer Reagent

(1) The procedure used for the titration of
deoxidized Salcomine with Karl Tischer reagent wes as
follows:

- ) 1
Reegents. Larl Fischer reagent”, dry methanol,
water in methanol contelning aoproximately 2.2 mgs. HEO/ml.

Apperatus. <uetion-rillang reservoir buretsl,
dead-stop apveratus consisting off 1.0 v dry cell, pletinum
electrodes, galvenomeier OP millismmeter, potentiomeler
type rheostetc. The resistor wvas adjusted to give an
aoplied voltage of about 50 mv. with & current of about
14 MA in the presence of excess IFischer reagent.

Procedure. Two grems of sample was weighed
into o glass-stopoered titretion flask and heated 1.5
hours at 110°C, under en 2LmosDULETE of nitrogen. At the
end of this time the flasit was removed end allowved to coul
to room tewperature in & desiceetor under nitroger. While
still under nitrogen, 1C0 mi. of dry methanol and excess
Kerl Fischer reagent were aaded. The flesk wes then con-
nected to the deczd-stop anparatus. The mixture was titrated
with the water in methancl to tihe endpoint, @ permanent
deflection of the galvanometer O less than 10 A,

Duplicete blanks containing 100 wi. of methanol
vere titrated in the sane manner. The Karl Fischer rcogent
was stendardized by adding excess Pischer reagent to 10 ml.
of water standard™ and back titrating with water 1n methanol.
(The relative strengths of the Fischer reagent and water in
methanol were determined by titration of 50 ml. of the former
with the water in methanol.)

Czlculation

Net titer x (mg. Hp0/ml. of L. I. reagent) » 100 =
WwE. semple x 1000

reaction expressed as & Hpl

lemitn, Brysnt and Mitcliell, J. fmer. Chem. Soc., 81,

2407 (1939).

2Wernimont and Hopkinson, J. Ind. Lng. Cheu. An. Ed.,
18, 272 (1943)
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(2) Free water was determined by using the same
procedure on the unheated oxidized material. Thn difference
between the two titers gave the free or adsorbed water.
Typical data are given in Table I along with commarabile
data by other progegurcu.

In order to deterwine the nature oif reaction of
Karl Fischer reagent with deoxidized Salcomine the orienta-
tion exneriments detalled in Table III were perforued.
There are four nossible reactions of interest in this problem

pyridine

HoO + Ip + S0z + MeUH = £ HL 4+ CHa0S03H (1)
(-0-C0-0-) + Ip = 2 (-0-Co-0-)" + 21" (11)
(=0-C0-G-)50 + Iz + S0z -+ KeCH = 2 (-0-Co-0-)" +(IT1)

2 I + CH30803H
(-0-Co-2-}0H + Ip + S0z + HeOT = (-0-Co-0-)T + (1V)
Bt + 2 17 4+ CHa0S0gH

Reaction I was the reaction of water with Karl
Fischer reagent. Reaction II was the resction of coordinated
cobaltcus cobalt with icdine to form coordinated cobaitic
cobalt; with uncoordinated cobalt, this reaction tended to
be reversed. Reactions III and IV represented the behavior
of coordinated cobsltic oxide and hydroxide respectively
with Kerl Fischer reagent. Fltﬂough the exact reactions
for II, III end IV had not been studied in this laboratory
preyviously, analogous reactions had been carefully worled
out”’. According to resction II, deoxidized Se¢lcomine would
appear to contain 0.5 mole HoC mer mole of "wonomer"
According to reaction III oxy-2alcomine would also appear
to contain 0.5 mole HoU per mole of "moncmer", but by
reaction IV throxy Qalcoane would appear to contaln
1.0 mole H,o0 wer mole of "monomer"

The only other reaction which wmight be involved
in the titration of Sclcomine with Karl Fischer reegent
was the evolution of H,0 by side reactions; the possibility
was kept in mind throughout this study.

Experiments (b-e) of ‘Table IIT established reactions
ITI and III for the behavior of undegraded Sealcomine; both
reactions were dependent on coordinated cob~lt: cobaltic

5 smith, Bryant and Mitchell, J. Amer. Chem. Soc., 63,
2927 (1941).
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compoundas wguld not be stable unless the cobalt were
coordinated. The necessity for coordination ol the cobalt
before reaction takes place with Karl Fischer reegent was
further 1llustrated by the data of Table IV where coordination
was observed only when cobalt and ethylenediamine were

present together.

Tahle V showed the relative bchavior of some
conceivable couwponents oi degraded Salcomine. The general
indication waes thet Kerl Fischer titers would be oblalned
only in the presence of cobalt coordinated with nitrcgen
compounds, especially ethylenedismine. Table II shows the
clcse correlairon found between the appnarent weter by Xarl
Pischer titration and the "total ethyleunediamine" content.
The significance of this correlation is discussed in
Section IV, pn. 27-28,

*The behavior shown in Table III (g) was interesting
in that 9.4 mml. apparent Hy0 per 10 mml. sample was
found. This was the ratio called for by equation IV and
suggested the presence of hydroxy-Salcomine.
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Dthylenedicmine and Kerl Fischer Titer for
falcomine

me., from Table T, mm.
fech., 111B Apparent
TRecid- - Ho0 from
Ethylene- el cfum Table 1
No. wmml. Semple diamine I Sun _E Sect.IIIC

1 10 SL-174 17.9 0.4 18.3 4.6 e

N
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(&

Runford CP 18.3 5.4 18.6 k.7 4.9
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Table I1IC
Table IV

Fffect of Karl Fischer Resgent on Components
of ¢alcomine

Moterials (o) CpHa(NHz). 2 HCL )
b) CoCl, (oven dried - 0.3% Hz0)
c) Diimine
d) CgHy(OH)CHO
Procedure: Where (a) was used the exact equl-

valents of 1i/2 NaOCHs were added to remove the HCIL. After
following conditions as noted below, excess K. F. reagent
was added. Apparent water was dfbermvned by the dead-stop
technique. Results were corrected for known water originally
present plus known water of reaction.
mml. ApDp.

No. Components Condition H,0/10 mml.

1 a+ b air, %.75 hrs. R.T. b, 3

o 2.5a + D n 7.0

3 =.72 + Db 4 10.5

i a + b No, 1.5 hrs. R.T. 1.0

= %e + b " 3.1

& Fa + b " 2.0

7 Sa + b ¥,, 0.5 hr, 60° 3.8 1 0.6

8 b+ ¢ Air, 18 hrs. R.T. L.6

5 b+ ¢ N-, 1.5 hrs. R.T. 4.0

10 b+ c ., 0.8 hr. 06C° 3.9

11 a + b + 2¢ fir, 2 hrs. R.T. 0.9

12 a + Db+ 2d Np, 1.5 hrs. R.T. only G54 of Hp0

from imine re-
action

13 8 + b + 2d Ns, 30 min. 60° Cnly 80% of Hz0
before addition from imine re-
of d, then 1 hr. action
R.T.

14 2d + a+ b Ny, 0.5 hr. 60° 2.3

15 2d + a + b Np, 1.2%5 hrs. R.T. 2.0

Notes: (&), (b), (c), (a), (¢ + &) and (b + d) show no

tendency to oxidize in the presence of Karl Fischer reagent.

The reaction of cobalt (% ahove) vwith excess ethylene-
diemine and sir to give a compound with 10/10 ratio on reaction
with Karl Fischer reagent has not been worked out, although
the comparative behavior of 1 and 7 above recalled equations
II, I1I and IV.

The démparative behavior of 1 and 4 above suggested
that Co + C-Ha(lWH,), coordinsted more rapidly in the presence
than in the absence of oxygen; then lieeting in the absence of
oxygen increased the rate of coordination, 1 + 10.

The behavior in 11 was probably related to that in 12;

the natures of the reactions involvsd in 11-13 as compared to
14-1% have not hecn worked ocut.
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cection IIIC
Table V

.

retion of Related Compounds on Karl Fischer
Reagent

Materials:

(oCls (oven dried - 0.3% HzO)
CeHy OI%CHO
CEy (CH) CH=NCH

) CgHy(OH)CONH

% n-0j hq }Hg
(Cghq(u )CULH~-CHy-) 2C0

N
HO OO oD

é

Procedure: Mixtures in swmall quantity of dry
methanocl.

mml., ADp
No. Component Condition ﬂgb/lo ol
] c + a (nil ©-7) 2ir, 1.5 hr., -1.0
™ _m
Lie Lo
2 1.5c + a (0" 5-11) Air, 1.5 br., ~0.1
R.T.
3 a+ = Ale, 1 hr. R.T. 0.2
L d + a 8ir, 0.7 hr. 00° 0.3
5 1.%d4 4 & N,, 1 hr. R.7. 0.0
& 1.34 + a s, 0.5 hr. 00° 1.3
7 a + e sir, 18 hr. R.T. 0.4
8 a + 2e " 0.4
9 a4+ e+ b " 0.4
10 a + 2e + b " -0.4
11 £ Alr =.7 T o.3

NWotes: The reactions 1 and 2 2bove whcr@by cobalt
selicvleldoxime and air coubined to glve a LOWpOUDd
which showed no net reactiorn with Karl Fischer re-

agent have not been worked cut.

Compound (f) was the chelate ol cobalt and
salicyletahrlenedienide.
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D. Desorntion and Absorntion of Oxygen by Salcomine
S 15 &) . e

When oxidigzed, undegraded Salcomine was suspended
in methanol and titraoted with Kerl Fischer reagent (Section
IIIC) or with methanolic HC1 (Section IIIE) it behaved as
though it were in the form of the oxide. This implied
that the peroxide tended to decomvose to the ocxxide on
susmension witih a solvent, leaving one atom ol oxygen
(per 2 molecules of "monomeric'" Sa2lcomine) avallable for
cther reactions.

The data of Tahle I indicate thet when suspended
in methanol the released atom of oxygen tends to react
with the felcouine, although most of 1t can be recovered
from strongly acidiiied sclution. Contrary to the behavior
in methanol, the oxide dees not tend to form so strongly in
carbon tetrachloride and perticularly in water.

cince the oxide tends to f'erm in methanol sus-
pension, it wmight be exvected that deoxidized falcowmine
in neutral methanol would absorb just enough oxygen to
form the oxide, but when partislly hydrolyvzed would not
absorb any oxygen. This was veriiied by the data of
Tahle IT.
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Sgection 111D
Teble 1

Desorption and Absorption ol Oxygen in
Salcomine

The total gas from oxidized SL-174, treated es
indicated below, was collected in an Orsat and
enalyzed for COL(KOH) and 0, (Pyro).

Iround Celc. O
No. Condition ul. CCp  ml., Og ml,
1 MeOH suspension 2.2 9.4 112
2 MeOIl suspension, shaking 1.3 13.1 112
3 MeOH suspension, 1 HC1/
1 SL-174 = o2k 112
} MeOH suspension, strongly
acid, refluxed Ll 11z
© (CCl,. suspension, rclfluxed 72 112
- " I <
O Water, rcflux Ee 60
7 K.F. Reagent & 66
BSection IIID
Teble IX
Oxygen passed over deoxidized 3L-174. Ab-
sorption (wml.) wmeasured by decrease in voluue.
No. Condition Calc. Qg Cp Absorbed

1

2 MeOH suspengion

3 MeOH suspensicn

L MeOH suspension, 1 HoS0./
1 SL-174 0

N 1
~3=J
LN
W N Oy
[@RSIANS

E  H,0 suspension &hH 21
Section IIID
Table IT1
Repeated evolution-absorntion tests on oxid.
SL-174% from boiling Heo0 and under Ho0 at R.T.
(Values in ml.)
Celc. Found  Absorb. Tound
No. Oo  Qp Do 0o AbsorD. Found
1 66 b 26 °
2 66 b 20 0.5 8 o*

#“ti1l coordinated. Dried sample T 4.8 mml. app.
H-0/10 nmml.
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E. Potentiometric Titrations

When oxidized, undegraded Salcomine wag suspended
in pure dry wmethanol and titrated potentiometrically with
0.5N EC1l in 97% leOH (aqueous) to the inflection at pH 2.5,
the ratio of mml. Ht absorbed per mml. sample was almost
exactly 1 (Fig. 1, plotted for 10 mml. samples), the sample
going cowpletely into solution. Deoxidized undegraded
Selcomine, when similarly titrated under nitrogen, absorbed
comparatively little Bt to the inflection at pH 5.0 and
dissolved only partially; but at lower pH's absorbed up to
L mml. HY per mml. sample with complete solution. Dcoxi-
dized undegraded Sclcomine when titrated under oxygen
gave fluctuating values above pH =, obviously due to oxygen
absorption; but as pH 4 was approached the bechavior steadied
and at pH 2.5 the total H' rescted corresponded closely to
the value observed for oxidized undegraded Salcomine.

Legraded samples tended to show smaller oxidized
titers and larger deoxidized titers. The following pro-
cedures were finally adopted as standard.

1. Oxidized Salcomine

Three grams of sample was welghed into a
standard T& 29/42 three-neck, 500 ml., round bottom flaslk
(Fig. 2) followed by 200 ml. of anhydrous methenol. A
vacuum-type (electric) stirrer was placed in the center
grind, and the glass and calomel electrodes were placed
in the other grinds through rubber stoppers. The tip of
a 50 ml. burette was introduced through a small hole in
one of the rubber stoppers. When the sample had stirred
for 1% minutes at room temperature it was titreted with
0.EN HC1l in 97% methanol. Since hydrolysis took place at
low pH's, only small increments of acid were added; for
best reproducibility the time interval between each addi-
tion of HC1l was kept approximately constant.

2. Deoxidized Selcomine

The procedure was identicel to that for oxidlzed
Salcomine excent for heating the sample at 110°C. for
1-1/2 hours in the titration flask under nitrogen prior
to titration. - The titration was carried out in an atmos-
phere of nitrogen, introduced through one of the side
necks on the stirrer support and exiting through the other.

Results of titrations by these procedures are
summarized in Table T.
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The behavior of inert red Lsomer under oxygen
and nitrogen respectively reproduced exactly the corres-
ponding hehavior of undegraded deoxidized Salcomine.

It seemed cbvious that the reactions involved
above Iincluded the following:

+
N - CoHa - N N - CpHs - N
3] 1t ; ot ? - 1 11
o H+ 1/% 0p + ot 027 2.4 op CH I+ 4Ha0 @)
[’ \'—:f'J'—CO—Or ¢ ™N-0-Co-0 \’
A »!
\) AN \ \\/
L K
- if)P - N
N bais a below . N
: AIT SN T L
CH CH + b H% + 2 Hpo 22 22Y 5 11N - CpHs - NHs +
e <Toanaer =
SO\ PN h
g ~G-Co-0 © Mo
3
K'// \\)
CHO
++
2 r/\\;ozrz + Co (11)
L |
N

The oxidized product of reaction I was evidently
more stable to hydrolysis than the original deoxidized
Salcomine, both of which hydrolyzed very slowly at room
temperature above pH £ (Fig. 1). It alsc secemed apparent
that wien oxidized undegraded Salcomine was suspended in
aqueous methanol 1t tended to form
i I
N -~ CzHs - T !

it

"
P H CH 0H (I11)
[ —o—c@-o(\
1A %

Below pH £.0, hydrolysis according to reaction II took
place more rapidly; substantially complete hydrolysis could
be attained in one hour at 100°C. using 2N alcoholic HC1
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even on oxidized undegraded material; at room temperature
hvdrelysis could proceed quantitatively but much more slowly.
In an oxidized degraded semple the titer to pH 2.2 presumably
was due to (1) oxidized undegreded Selcomine, (2) titrable
isomers such os "inert red isomer', (3) "hydroxy Sclcomine',
(4) titrable degradation substances (see Tables II end ITI
and Fig. ITII). In a deoxidized degraded sample under nitrogen,
the corresponding titer presumably wes due to (3) and (4) only.
Then the diff{erence between the two titers was a measure of the
indegraded Brlcomine and its titreaple iscmers (cobaltous co-
belil) Tn a sauple”

The data of Tables Il and III indicated that the
couwponents ol Salcomine and its likely degradation products,
in the presence of cobalt, all had titers in the pH range 3
to 2 (in eir or nitrogen) corresponding to at least 1 mole
0Ii7 (or H+, depending on the direction of titration) per uole
cobalt. From Teble IV 1t was apvarent that the oxidized
potentiometric titers for samples L-1 and L-2 did not eaccount
for a considerable amount of cobalt, which (according to
Tables II and III) could not be present in the form of
separated or coordinated fragmencs.

¥ (III) above; oxidized (cobaltic), "degraded" in the
sense that it apparently cannot be deoxidized without
separation and reactivation.

*¥ This statement involves the following unproved
essumption for degraded material (probably nearly true):

(1) The titration under nitrogen below pH &
of deoxidized samples (Fig. 1) wes due to hydrolysis, but
this hvdrolysis dié not take place on the oxidlized sawmple
titrated in air to pH 2.5. This in turn implies that the

meterisl could be changed, perhaps irreversibly, on heating
to 110°C. under nitrogen.

~+ should be pointed out, perheps, that the
underlined statement above was obtained by simple
arithmetic as follows:
Oxidized titer
Deoxidized "

(1) + (2) + é%; i Eig above

Oxidized titer - deoxidized titer = (1) + (2) =
materials in cobaltous state when deoxidized. The results
of this section (particularly Teble IV) are discussed
briefly in Section IV, pg. 20.
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Description of Table IT

Note on (1)

When 20 mml. HC1l in 85% methanol was titrated
under the conditions oi Teble I1 only 0.2 wml. OH™ was
absorbed between pH 2.5 and pH 4.0; and 0.0% tml. OH"
absorbed from pH 4.0 to pH 10.% (the corresponding figures
for aqueous HC1 were 0.4 and 0.1 mml.). :

20 mml. bengzaldehyde 1in methanol absorbed €0.2
mml. CH  frowm pH 7.5 to »H 10.E.

20 mml. phenol in methanol absorbed 0.2 mml. OH
from pH 4 to pHE 7.5 and 4.5 wml. from »H 7.5 to pH 10.8

(the corresponding figures for aqueous phenol were 0.3 and
20.1 with inflection at vH 10.3 not sharp.

Kote on ()

i |
§0=c~o\,0~c:o| |

The conpound, ! PEN ' K, has been
| HzC - 07 0 - CH: J

obtained in crystalline condition and its solutions studied
carefully (see also Diehl, Chem. Rev., 21, 49 (1937)).
Using the procedure of Teble II, both the compound and 1ts
components when mixed, respectively, geve accurately
reproducible curves corresponding exactly to the titration
of' the separate components; that is, there was no evidence
of the chelate coumpound in sclution according to our
procedure. According to this technique, then, 1t appeared
that only a rather marked tendency to combine was recorded
and the difference betveen curve %4 as compared with

curves 1 and 3 indicated a strong tendency toward compound
formation {with increasing pH) which, however, was readilly
reversed (with decreasing DpH). :

Note on (2)

10 mml. salicylald-ethylenediimine (init. pH 8.1)
on titration with acid ebsorbed 0.2 mml. HY to pH £ and
2.5 mml. H" to pH %4 due to hydrolysis; in a separate experi-
ment, the imine absorbed 0.5 mml. OH™ to pH 11 and after
1/2 hour back titration teo pH % indicated no hydrolysis.

0

Lote on (6)

The complex formed in this systewm was evidently
decomposed, completely and rapidly, on acidification.
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Note on (7)

The total titration from pH 4.0 to pH 9.7 wvas
17.3% 8.8 + 3.7 25.8 mml. (and from pH 6.5 to pH 9.7
was 8 3+ 3.7 = 12,5 mml.) while the total bauk titration
from pH 9.7 to pH 4.0 was 13.9 mml. The guantitative
relations indicated that the reactions involved in breaks
2 and % were easily reversed but the reaction te bresk 1
was not readily reversed.

i

»)

Note on (8)

The titretion behavior of (II-8) is shown in
Fig. IIX, upper left. The upper curve (in each case) 1is
for hydroxyl ion addition, the lower curve for hydrogen ion
sddition. The only curves which cross are those for (II-8a).
The horizontal distance between the curves of each pair shows
apnroximately the net absorption of QH.

When the amount of aldshyvde added was halved (Fig.
IIT (1I1-8a)), the 1st inflecticn became much more sharply
defined, the absorption of HT to the lst inflection was
decreascd to 22.0 nml. and to the 2nd inflection was
increased to 5.3 wmml. Slight hysteresis on return titration.

ote on (9)

L

inflection to pH 10.2; on back titreting the added OHT
above pH L.E was titrated swoothly, but the initial
reaction to the 1lst inflection (pH 4.EB) did not reverse
(Fig. IITI (II-9)). :

Increasing the pH above 4.5 produced no 2nd

WVhen the amount of aldehyde added was halved,
the curve was changed markedly (Fig. III (II-9a)): the
1st break was decreased to 8.9 mnl. (half way pH, 4.2;
inf'lection nH 4.8) a second break appeared with 13.0 mml.
(half way pH, £.2; inflectiin pH, 6.8) and a third break
developed with 10.% mml. (half way pH, 6.2; inflection pH,
9.9). Hysteresis wes marked on the return titration:
halfway pH, 6.8; inflection pH, 4.0; 13.0 mml. Evidently
the reaction between the second and third breaks was very
readily reversed, the reaction between the first and second
less readily, and the reaction to the first break was not
reversed at all.
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Note on (10)

falicylaeldehyde-ethylenediimine &nd Co™ showed
a very large tendency toward compound formation according
to this technigue. Most clearly defined results were
obtained using nearly anhydrous conditions. The data of
(II-lO) were obtained with 00012‘1.89 H-0 and O.EN NaOCHs
in anhydrous wmethanol (instead of 0.% NaCH in 90% methenol).
No reverse titration was attempted.
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Description of Table IT1

Note on (2)

In this case where no complex formation would
be expected, the curves were smooth and, at the inflection
points, were very steep.

Note on (3)

This curve showed only faint indication of
complex formation with no evidence at all of cobalt
ammine formation.

Note on (4)

No more thsen lonse, readily reversed cowmbinations
indicated. When heated together to 60°C. at pH 8 the
titration behavicr wes unchanged.

Kote on (%)

The only evidences of cowbination were the yellow
color appearing (reversibly) above nH 3 and couplete
repression of titration of A0OH.CHO bhetween pH 9 and 10
(see Teble II-1). Identical results were obtained under
air atmosphere. The corresponding curves for A.CHO (10 mml.)
+ NHz (10 mml.) were identical to III-5.

Note on (6)

. Comparison with data of Teble I, 4 and 9 (note)
indicated a loose eesily reversible combination involving
all three components. Comparable curves to III-6 were
obtained using Ni(NO0sz)- (10 mml.), @OH.CHO (18.3 mml.)
and NHg (13.7 mml.) since this combination was known to
form a chelate (Diehl, Chem. Rev. 21, 70 (193%7)). The
results for the two systems were quite similar.

Note on (7)

It was concelvable that Salcomine might cleave
in such a way as to form a primsry amine rather than ammonia.
Normal butyl amine was a ccnvenient substance to use in a
study of the relative behaviors of NHs, primary monoamine
and ethylenediemine with sslicylaldehyde and cobalt.

Note on (8),

The amine obviously formed a compound quantitatively
with salicylaldehyde, the reaction being very rapid and
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readily reversed. In the case of benzaldehyde, ccupound
formation was much slower ag was clearly shown by titration
curves,

Note on (9)

The curves gave no evidence of complex formation
(compare III-3 and II-7).

Hote on (10)

Comparison of these curves with éIII—? 3, 9)
indicated (III-10) to be a combination of III—Sj to first
break and (III-9) at the start of the second break. In-
creasing the pH beyond 10.& resulted in wmarked irreversible
absorption of OH™ not observed in the binary mixtures; the
reverse titration showed inflections at »H 8.9 and 3.0
(half way pH, 6.2) the abscrption between inflections

being 15.7 mml. (The totel OH™ added hetween pH's 2.1

and 10.1 (see Table III-10) was 20.4; 26.4-15.7 = 10.7

mml. difference.) The totel OH~ added between pH's

2.1 and 10.% (end of titration) was 28.8 wml. The total

H+ added on back titration to pH 5.0 was 19.9 mml.;
28.8-19.3 = 8.9 mml. net mml. sbsorntion of OH™.

3
i

Wnen 0oCls, (10 wml.) + nB-NH, (18.4 mml.) +
#0H-CHO (19.8 mml.) was titrated as above, inflections
appeared only at pH's 3.5 and 10.53 during OH™ addition,
the net absorption belng 37.2 mml.; the reverse titration
showved inflections at pH's 9.4 and 3.5 with net HT ab-
sorption 21.% mml. 37.2-21.3 = 1£.9 as compared to 10.7
above.

Note on (11)

Salicylamide evidently titrated qguantitatively
from pH 7.0 to pH 10.3. In back titrating with H' the
titration required only 0.1 mml. from pH 7.0 to pH 2.3,
even after heating the solution for 1 hr. at 100°C. with
50 mml. excess OH™; comparison with (III-2) and II-1
note) indicated that salicylamide was extremely stable
to alkaline hydrolysis, there being no evidence of any
reaction under these conditions.

Benzamlde absorbed neither H' nor OH™ on
potentiometric titration at room temperature.

Note on 12, 13 and 14

Compound formation between #-0H'CONH, was
indicated most clearly by the lowering of the initial
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pH (for example in (II1I-12) the pH's of amide solution,
CoCl, solution and the mixture of the two were, respect-
ively, 6.4, 5.2 and 3.6) and inhibitlon of precipitation
(in (III-11)) copious precipitate Tormed when 2.% mml., O~
had been added; in (III-12 and 13) the precipiltote wes
never copious and did not appear until more than 1% mml.
0K~ had been added.

There was no evidence (as shown by shifts in
the return titrations) of hydrolysis of AOH*CONH, by
excess OH™ at room temperature in the presence of Cot™.

When 10 mml. CoCls + 20 mml. A0H-CONH, (corres-
ponding to III-12) were heated together in air at pH 11
and 60°C. for 1% min., there was no change in titration
behavior from (III~123.

Note on (1%)

One of the products forumed on the addition ¢f &an
atom of oxygen to Sclcomine might be the half-amide-half-
imide. Several attempts vwere made to syntheslze the wmono-
amide from methyl salicylete and ethylenediamine, changing
the material ratios and other conditions; in all cases the
compound isclated proved to be the diamlde (white crystals,
m.p. 181.0°C.). (Attempts by several laboratories to
prepare unsymmetrical Schiff's bases from ethylenediamine
always resulted in separation of the corresponding sym-
metrical substances in the solid phases.)

The diamide was only partially neutralized at
pH 10.6 (where the inflection was poorly defined). The
compound was evidently quite stable to alkaline hydrolysis
at temperatures up to 60°C. {(see III-11 note).

Note on (16)

The titration behavior of Co'™ plus (gOH®CONH-CHo-)»
was similar to that of Cott plus #OH-CONH, up to about
pH 10.0. The red solution was howmogeneous until about
12 mml. OH™ had been added when & light blue gray pre-
cipitate appeared; above pH 10, however, the solution
turned deep blue; on stirring for 1 hour at room tempera-
ture the precipitate nearly all dissolved with the
formation of a deep purple colored solution. On titration
with acid the curve retraced itself without hysteresis.

A similar experiment under nitrogen (including

heating 30 min. at 60°C. at pH 10.5) gives identical
results.,
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liote on (17)

The only difierence between (III-16) and
(III-17) was that in the latter case the solution was
heeted at H0°C. for 30 min. at pH 10.5., During this period
the pH dropped to 10.0 and on back titration with BT showed
a net cdisapnearance of CH™ of 13.1 wml. at the inflection
point (pH 4.7). However, on continuing the titration, H'
wvas ebsorbed slowly, and ancther inflection was observed at
pE 2.7 (solution colored purple) Lhe net HT absorbed
betwecn these inflections corresponding to 11.8 mml. of
the missing OH. TEvidently on heating at £0°C. in air,
the solution was oxidized with absorption of OH™; on
reacidifying to pH 2.7 the soclution reduced again to
substantially its original condition. At the end a small
amount of black acid-insoluble material remained (which was
soluble 1n alkali). The corresponding experiments with
salicylamide-cobalt and ammonium salicylate-cobslt indicated
no oxidation on heating in air (see notes, III-4 and
I11-12}.

Note on (18) and (19)

The reactions of salicvleldoxime with wmetal ions
such as those of cobalt were known to yileld relatively
stable compcounds; since in addition it was conceivable that
oxygenated nitrogen might form during degradation, yielding
substaences related to salicylaldoxime, & series of experi-
ments was made on salicylaldoxime-cobalt. The pure oxiume
18 a neutral, white crystalline solid which showed no
absorption of HY or 0H™ in the pH range 2-10; above pH 10
e small amount of OH™ was absorbed. 10 mml. of oxime in
the presence of equimolal Cot¥ under nitrogen formed a
compound giving an orange precipitate (on addition of ca.
17 mml. OH™) which redissolved suddenly at pH 10; on back
titration there was no hysteresis, the precipitate re-
arveared and dissolved sgain at pH's 8.5 and 4.0 respect-
ively. When the experiment wes repeated In air, the
titration with OH™ was identical but the back titration
showed hysteresis with a net absorption of 10 mml. of OH™.
The oxidized compound was relatively stable in acid solu-
tien showing little hydrolysis on standing at »H 3. The
"vermanent" sbsorption of 10 wml. of OH  in (III-18) and
20 mml. of OH™ in (III-19) suggested that at least two
different oximes of Co™+ (»ossibly wmono- and di-) were
stable. ‘
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Section IIIE

Figure 1
A-SLI[74 OXIDIZED A—YL'OXID(ZED
B-SL 174 DEOXIDIZED B—YL!DEO)(lDIZED
9¢ ,
8

0 5 10 5 20 25 0] 5 10 15
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Section IIIE
Figure II
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Section IIIE
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F. Allzall Absorbtion by Salcomine

The procedure was identical with that of
potentiometric titration ITIE except that 10 mml. of
(oxidized) sample was stirred for 15 min, with 20 ml.
of COz-free 2N NaOH in methanol (L0 mml.) before titrating.

Results are shown xn Fig. I and Table 1.

The data indicated that all the cobalt titrated
between pH 8.9 and 3.0 in the ratio 1.0 mole HT ner mole
cobalt for bothh undegraded and degraded Salcomine; and
this Indicated that all cobelt in each sauple wss contained
in compounds containing both aromstic nuclei and nitrogen.

The absorption of 0H  to the first inflection
was evidently associated with hydrolrysis. The OH™ absorbed
by SL-174 and Rumford (P checked rairly well with the
deoxidized titers, Teble IV, Fectilon IIIFE, wnhile the OH~
absorbed by L-1 and L-2 added to the oxidilized titers,
Table IV, Section IIIE, g&ve 9.4 and 9.5 wml. total
respectively (instead of 10).
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Section 1IIIX
Teble T

Caustic ~2bsorption and Potentiometric Titration of
Selcomine (£11 analytical figures in mml . )

H"_
1st In- 2d In- Lbsorbed
flectior 0H Ab- flection between In-
Nao.  mal, Sample __ DbH sorbed il flections
1 10 SL-17h 8.2 1.0 3.4 10.3
2 10 Rumford CP &.6 0.% .1 5.8
3 1¢ L-1 8.7 °L7 3.0 10.6
L 10 L-2 8.6 1.7 2.7 10.0
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Section II1IF
Figure I
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1V. DISCUTSICHN

(1) It seemed evident from the distillation
analyses of fection ITIIB, cowmbined with the elemental
anelyses of Section IIT4 that the components of both
undegraded and degraded Sslcomine (not volatile directly
et 110°C.) consisted (after hydrolysis) of cobalt,
ethylenediamine and salicylaldehyde with varying amounts
of organic acids and swmonia, eldehyde degradetion products
and ethylenediamine degradation nroducts. The aldehyde
degradation products were revoresentcd princinally by the
aqueous acld-insoluble and the ethylenediamine degradation
products by the residual nitrogen. Evicently the residual
nitrogen was associated witih some formerly aldehydic
material; and part of botix the aldehyde and ethylenediamine
degradetion products wmay have been formeé during analysis.
The material balances indicated tihat no substantial amounts
ol other substances could be precsent and there was no
apparent necessity to assume the presence of other cowmpounds
in the formation of the aldehyde, and ethylenediamine,
degradation metericls. The corganic aclids were predouninently
selicylic and were all derived from salicylaldehyde. Such
compounds as the amides (which were extremely difficult
to hydrolyze, Table III, Section IIIE) and oximes could
not have been present 1n amounts exceeding & part of the
small amount of residual nitrogen (&) soluble in ether
and (b) contained in the aqueous-ccid-insoluble residue.
Polyhydrexy aromatics were not present in signifilcant
amounts.

(2) From Table VI, Section IIIB, it appeared
that the maximum Salcomine which could be present was
determined by the ethylenedismine plus residual nitrogen
content cof the samples, the left-over fragments giving at
least 1 NHsz and 1 (aldehyde + acid) ner cobalt, but
considerably less than 2 NHsz and 2 (saldehyde + acid) per
cobalt. For the degraded samples, the ammonia‘'was about
equal to the lelt-over (aldehyde + acid). The last column
c¢f Table VI, Section IIIB suggested that the exact ammonia/
aldehycde ratio might depend somewhat on the history of
the sample betweern the times of sampling and distillation.
Part o' the missing components in the volatile at 110°C.
{(Table III, Section IIIA) may be organics.

(3) Frow Table II, Section IIIC, it appeared
that the Karl Fischer titration was a umeasure of the total
(including residual) ethylenediamine content; and from
Teble IV, Section IIIE, 1t appeared that this total
ethylenedisamine was coordinated and probably practically
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entirely in the form of Salcomine; i.e., the Karl Fischer
titer was o nearly quantitative measure of the total N
substances having the formuls of Salcomine in these samples™.

(4) According to Table IV, Section IIIE, the
undegraded samples may have conteined a small amount of
coordinated cobalt with ammonia, giving the deoxidized
titer and causing the difference between the max. Selcomine
content and the X.F. titer. The degraded samples evidently
contained some hydroxy-Salcomine (from the deoxidized titer
and the closer checks between oxicdized titer, K.F. titer
end mex. Srlcomine content)*¥.

(E) The chemically degraded portions of Samples
L-1 and L-2 were coordinated into cowpounds giving no
oxidized titer until treated with caustic (Table IV,
Section ITIE and Table I, Section ITIF).

(6) The capacity of Semples L-1 and L-2 was
only 9-12% of the possible wmaximum (Teble III, Section
I112) althcugh they contained around 70% of material having
the formule of Selcomine, Evidently inert "isomeric"
material was present in large amount. Tne data of Table II,
Section IIIE (8 and 9) and Table IV, Section ITIC (12 and
13) suggested the existence of undescribed compounds having
the formule of Salcomine.

In this connection the behavior described in
Section IIIF was interesting. The absorption of OH™ by
"undegraded" samples SL-174 and Rumford CP was probably
explained by the hydrolysis of the ammonia compounds
present, For samples L-1 and L-2 it seemed probable that
a "self-compensated" structure was present, nerhaps resembling
the cobaltic compound,

N - H H - Y
HOQGH H
~0-Co-0- ’

This material might behave 1n the observed manner and

there were no obvious analytical anomalies introduced by
its (hypothetical) presence aside from its probable
instebility. Here again, further work would be interesting.

*¥The structural formula could correspond to II, III
or IV, Section IIIC (pg. 13) except as limited by (4).
In speaking of "Compounds c¢f Salcomine Formula" and Sfelco-
mine "isowmers"” in this report, substances having added oxygen
or hydroxyl to the cobalt were included.

*¥However, the hydroxy-Salcomine could not correspond to
over 1/2 the deoxidized titer (since 1t presumably had twice
the K.F. titer of Salcomine or oxy-Salcomine) and even then
the remaining deoxidized titer would have to correspond to
uncoordinated cobalt without K.F. titer. Further work on this
aspect of the problem would be interesting.
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V. MECHANISM OF DEGRADATION TO FORM FRAGMENTE

A1l the above suggested a picture of the degrada-
tion of “a2lcomine (to give samples such as L-1 and L-2)
about as Tollows:

N - CHe - CHp - X

1 7

»> 7
CH ™\ .- CH
/ N “
\7 -0%0cZ0- &
| !
t 'L? O
(1) 120y e ——
; !
1
~-0-0c-0- % } G-Co-0-
4 \\ // N
1: B ~. CH HOCH( 03 M. CH
no_7 » n v s NN
Vel _ ~ 7 N
N - CHp - CHp - H HN - CHy -CHs - [
(Active) (Inactive ?)
c g
1 !
0 0 0 9
) (3) o0 > (4) >
[:i:]~o - Co - o—[:ji] ~0H Co-0-
) /, \\
HOC=0 ~ JH HC-C=
HO( ) Ny (:, HO-C=0 HOCH
/ . . '
Hz -N-CHz-CHp - N HoN-CHp-CHs  NH
(Inactive) , ‘
el degradation NHs + CO + (O
products (HCN in varying
amounts might be
formed)
2
' (5)
0
?
Co - 0 -
C =0
H
?
NH

1259939



-~ 30 -

The oxygen-&ssociation complex (2) was introduced
on the basis of the results presented in Sectlon IIID,
page 1t.

Products corresponding to all of the steps (3),

(4), (%) above were apparently found in the degraded products.

VI. RECOMMENDED PROCEDURE FOR CHEMICAL ANALYSIS OF DEGRADED
cALCOMINE

O0f the elemental analyses (Sect. IIIA), the
determination of cobalt is probably most important, as 1t
gives a uniform basis for comparing all samples; next most
imnortant would be the nitrogern analysis, since the N/Co
ratio indicates the minimum chemical degradation (and makes
possible a nitrogen balance if the distillation analysils
should be carried out). Determination of capacity is of
fundamental importance in any analysis,.

The distillation analysis (fect. IIIB) gives the
most detailed information sbout the major components® of a
sample, but 1s the most time-consuming. In those cases vhere
a related series of samnles is being investigated, only e
selected few cof the samples need be given the complete
distillation analysis (steps (1), aldehyde, and (£), ammonia,
might be required where the couplete distillation analysis
is unnecessary).

The Karl Fischer titration (Sect. IIIC) on
deoxidized samples appears to be a measure of total
ethylenediamine content (in the presence of cobalt)
Since the ethylenediasmine tends to be entirely coordinated
in one of the forms of Salcomine, this titration 1s &also
a measure of the content in a sample of substances having the
structure of Salcomine.

* %

The results obtained by the remaining determina-
tions, discussed in Sections IIID, IIIE and IIIF, help to
round out the picture of the distribution of products in a
degraded sample; however, the exact interpretation of these
results is not completely understood and the methods should
be used with discretion; this alsc applies to the determina-
tions of free moisture by the various methods discussed

*pldehyde, organic acid, ammonia, ethylenediamine,
degraded aldehyde.

*%¥And thus 1s a check on the ethylenediamine value
determined by distillation analysis.
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in Section IIIC. Finelly, since the methods described
above do not give detailed information as to the dis-
crepancy between observed capacity and content of compounds
having the structure of Salcomine, detalled chemical analyses
by these methods may not be justified. It 1s therefore
recommended, 1in general, that the first chemlical analyses
made according to this report be determinations of total
Co, total N, capacity and Karl Fiscuner-titer-on-deoxidized-
material; 1f there should be fair agreement between the
capacity aend Karl Fischer titer, then distillation analysis
and pcssibly the other analyses might be of interest.

10/11/4%
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