COMPLEXES OF COBALT(III) WITH~2—A§QNOETHANETHIOL

By
GERALD ARTHUR WESSLER
Bachelocr of Science
Northwestern State College

Alva, Oklahoma
1955

Submitted to the faculty of the Graduate School of
the Oklahoma State Universibty of Agriculture
and Applied Seiences
in partial fulfillment of the requirements
for the degree of
MASTER OF SCIENCE
August, 1957



. OKLAHOM
STATE sz'=..re~.-'§ﬁngY

L!B;?ARY
OCT 1 1957

COMPLEXES OF COBALT(III) WITH 2-AMINOETHANETHIOL

Thesis Approved:

’

esis Advi/sex"

7 C

~—F—F—T 2t/ - SN e

Dean of the Graduate School

385526

11



ACKNOWLEDGEMENTS

The author wishes te express his sincere gratitude to
Dr, George Gorin for his many helpful suggestions, which
alded in the conduct of this work, The author also wishes
to thank the National Science Foundation for financial
assistance in the form of a research assistantship
administered by the Research Foundation of the Oklghomsa

State Uniwversity,.

iii



1T,
III.
IVo

TABLE OF CONTENTS

INTRODUCTION ,

L]

EXPERIMENTAL , .

TRIS(2-AMINOETHANETHIO)COBALT(III) . .
DIAQUOBIS(2-AMINOETHANETHIO)COBALT(III)

COMPLEXES, .,

SUMMARY, . . . |

BIBLIOGRAPHY ,

e

*

L3

-]

»

L
&

iv

*

]

°

®

o

Page

1l

25
31
3l



Figure

1.

2o

3e

(A)

(B)

(c)

(D)

(E)

Cis and Trans Forms of Trig(2-aminoethanethio)-

LIST OF FIGURES

Spectrum of Tris(2-aminoethanethio)-
CObalt(III). (] L. o [ ] ‘0 o -] .2 L] [ * & [ ] o [

Spectrum of Diaquobis(2-aminoethanethio)-"
cobalt(III) ion Prepared Directly. o o o

Spectrum of Diaguobig(2l-aminoethanethio)-
cobalt (III) Prepared from Tris . . . . . o

Spectrum of Acid Decomposition Product
of Tris Solution . o+ o 4 o s o o 6 o 0 o

Spectrum of Acid Decomposition Product
and EXCOSB AET at pH 9‘“10. Py o ° r's o o [ ]

CObalt(IIIj [ ] ] L] L] ¢ ] L] . & L] L4 -] o Ld [ ] [ o ]

Possible Isomeric Configurations of
Diaquobis(2~aminoethanethio)- |

CObalt(III)Ionoacoo--ocooocuooo

Page
17
17
17
17
17

23

26



INTRODUCTION

The importance of thiol compounds has come to be
appreciated more widely in recent years, especially in
connection with the chemistry of living organisms (1).
There is much interest, therefore, in the chemical pfoperc
ties of the thiol group. One of its most interesting and
important reactions is the ability to form rather stable
complexes with certain metals, which can, accordingly,
promote or inhibit other reactions; in some instances, the
metal complexes act as reaction intermediates and exert a
powerful catalytic effect even in trace amounts,

This study is concerned with some complexes of
cobalt (III) with two and with three molecules of 2-
aminoethanethiol (henceforth called AET), These complexes
are distinctively colored, a fact that makes possible their
investigation by means of spectrophotometry. It was
expected thus conveniently to gain an understanding of their
chemical pfoperties. A complex of cobalt(III) with three
molecules of AET was prepared and described in 1955 by
Felder, Paoli, and Tiepeclo (L), and Neville and Gorin (8)
have reported on bis and tris complexes that were forméd“in
gsolution, but these investigations provide only an introduc-

tion to a rather complex subject. This thesis describes



more fully the nature and properties of the complexes, with
special reference to their absorption spectra and discusses

the relationship between them,



EXPERIMENTAL

Chemicals

Two samples of AET hydrochloride were available for
use; one was obtained from the California Foundation for
Biochemical Researchgrand the other wag kindly donated by
the BEvans Chemical Company. The samples were assayed
iodimetrically by the procedure described by Lavine (7) for
titration of the thiol group of cysteihe, The resgults for
both samples indicated 94-96 per cent of the theoretical
content of =SH,

Hexamminecobalt (III) chloride was prepared according to
Inorganic Syntheses (5). Analysis for cobalt gave 21,85 per
cents calculated, 22,03 per cent, ’

All other reagents were commercial samples of reagent

grade, unless otherwise specified,

Nitrogen was of commercial water-pumped grade,

Preparation of De-ionized and De-aerated Water

Distilled waber was passed sleowly through a column of
Amberlite MB-1 ion exchange resin to remove residual anions
and cabtions. The water then was boiled for approximately
five minutes, and a stream of nitrogen gas was bubbled

through the water until it had cooled to room btemperature,



The water was stored in a siphon which was connected to the

air through a trap of alkaline pyrogallol,

Apparatus

For pH Determinations and Titrations

A Beckman medel G pH meter was used to determine the
pH of solutiong and to determine titration curves of the
complexes, The instrument was standardized with a buffer of

known pH before esach run.,

For Spectrophotometric Determinations

A Beckman model DU spectrophotometer and a Beckman
modsl DK reéording spectrophotometer were used to determine
the spectra of the complexes, Quartz cells, of 10 milli-
meter width, Whieh had been standardized against each other,

wers employed in the determination of the spectra,

For Oxygen Absorption

- The oxygen absorption apparatus consisted of a 250 ml,
reactlon flasgk, to which were fused two burettes, through
which reagents could be measured into the flask without
opening it to the air., A gas burette, which could be filled
with mercury by raising a leveling bulb, could be comnected
either te the reaction fiask or to the outside by means of a
three-way stopcock, The gas burette was surrounded by a

water jacket for conbrolling its temperature., The contents



of the reaction flask could be stirred with a magnetic

stirrer,

Anaerobic Cell for Spectrophotometric Work:

A rubber cap was fitted over the neck of a Beckman
quartz cell whieh originally had been designed for use with
a ground glass stopper. Two short hypodermic needles, each
of which had been bent into an L-shape, were inserted
through the cep, To one of these needles the nitrogen line
was attached, and the other served as a gas outlet.
Scolutions were injected into the cell through the rubber cap
by means of a hypodermic syringe after the cell had been

flushed with nitrogen for about five minutes.

For Electroanalysis

A Sargent-=Slomin Electrolytic Analyzer and platinum
electrodes were employed for cobalt analysis by elec-

trolysis,

Tris{2-aminoethanethic)cobalt(III)

Preparation of Tris Complexes

(1) From Hexamminecobalt(III) Chloride~-Hexammine-

cobalt(III) chloride, 1,16 g, (l.10 millimoles) and 1.39 g.
of AET (12,2 millimoles) were dissolved in 100 ml. of
de-aerated water and heated under nitrogen at 500 €., for two
“hours, After cooling, the precipitate was filtered, washed

with water, methyl alcohol, and ether, and dried in vacuo



over concentrated sulfuric acid for two hours, Yield:
1.22 g. Cobalt analysis: found, 20.2 per cent; calculated
for CO(SCHEGHENH2)3 20.53 per cent,

From Hexamminecobalt(ITI) Chloride for Direct Spectro-

photometric Measurements--Hexammineccbalt (IIT) chloride,

0,0268 g, (0,100 millimoles), 0.1135 g. of AET hydrochloride
(1,00 millimoles), and 1,21 g. (10,0 millimoles) of tris=
{hydroxymethyl)aminomethans were dissolved in 100 ml. of
de-gerated water and heated under nitrogen at 50° C, for a
total of 2y hours. The spectrum was determined in the
region 350-625 millimicronsg at two hour intervals, and it
was found that the reaction wag essentially complete after
2l hours, The shape of the absorption curve is shown in
Figure 1 (A); position of maxima: 570 and L3l millimicrons;
extinetion values: 620 and 1.38 x 1039 respectively,

The tris complex also was prepared in this way from
0.0375 g, (0,033 millimoles) of AET hydrochloride and 0,0268
g. (0,01 millimoles) of hexamminecobalt{III) chloride, i.e.,
with a 3.3 to 1 ratio of AET to cobalt, The spectrum
altered rapidly, bubt it was determined within fifteen
minutes of the time of mixing, The shape of the absorption
curve was the same Zﬁigure 1 (Al7; position of maximas 570
and L3l millimicrons: extinetion values: 568 and
1.2 x 103g respectivelye

(3) From Cobalt{II) Chlcride in Buffered Sclution--

Cobalt(II) chloride hexashydrats, 0,0119 g, (0,050 milli-
moles), 0,0568 g, (0,50 millimoles) of AET hydrochloride,



and 1,21 g, (10.0 millimoles) of tris(hydroxymethyl)amino-
methane were dissolved in 100 ml. of de-ionized but noct
de=-gerated water. The color developed in a few minutes.
The abscrption curve had the shape shown in Figure 1 (A)s
position of maxima: 570 and L3L millimicrons; extincbion

valuess 640 and 1.6 x 103

» respectively.

The complex also was prepared in the above manner, with
the exception that only a lj-fold exesss AET hydrochloride
was used, The Spéétrum was quite fleeting and was deter-
mined within fifteen minutes of the time of mixing; position
of maxima: 570 and L3l millimicrons: extinction values:

580 and 1.3 x 103, respectively., -
(L) From Cobalt(IT) Chioride in Unbuffered Solution--

Cobalt(II) chloride hexahydrate, 0,0119 g. (0,050 milli-
moles) and 0,1135 g, (1.00 millimoles) of AET hydrochloride
wefe weighed into a 100 ml, volumetric flask and dissolved
in de-ionized waber; 1.6 ml, of 1 molar sodium hydroxide was
added and the solution then diluted to the mark., The |
compléx formed rapidly, This solution was used difegtlyito
determine the spectrum in the region 350-625 millimicronsg
position of maximas 570 and L3l millimicrons; extinetion
values: 612 and 1,36 x 103$ respectively,

The above solution then was diluted to a cobalt concen-
tration of 5 xllo“s molar, and the spectrum determined in an

effort to locate and measure maxima in the region 220-300



millimicrons. Absorpbtion was still too great to delineate

any maximum in this region,

Stoichiometry for Formation of Solid Tris Complex

Cobalt (II) chloride hexahydrate, 0,238 g. (1,00 milli-
moles) and 0,376 g. (3,30 millimoles) of AET hydrochloride
were dissolved in 100 ml, of carefully de-aerated water and
placed in the reactbion flask of the gas absorption appara-
tus, Alr was drawn into the spparatus by means of the
leveling bulb, Sodium hydroxide, 6.3 ml, of 1.0 molar
concentration (6.3 millimoles), then was added to the
reaction Tlask., The oxygen absorption was measured at
variousg times until a constant reading was obtained., Oxygen
absorbed: 6.14 c.c, Volume caleulated from proposed
equation (3), /Temperature: 26° C.; pressure: 7L0.8 m.m,/,
6.30 c.c,

The contents of the reaection flask then were filtered,
and the mother liguor titrated potentiometrically with 1.0
molar hydrochloriec acid, The titration curve began at pH
11,8 and showed an inflection at pH 10,65; the end point was
taken at pH 7.0, The amount of alkali found present was
0,91 millimole; the amount calculated from equation (3) is

1.0 millimole,

Decomposition of Tris Complexes with Acid

(1) Cobelt(II) chloride, 5.00 x 107> moles, 2.00 x
1074 moles of AET hydrochloride, and L.00 x 10-4 moles of



sodium hydroxide wers mixed in 100 ml, of solutlon, and the
green color was allowed to develop, Then a small amount of
concentrated hydrochloric acid was added, and the solution
immediately turned brown., The spectrum was determined in
the region 220-625 millimicrons., The absorption curve is
shown in Figure 1 (D); no maxima were observed, 7
(2) S8olid tris complex, 0.1435 g. (0,500 millimoles)
was diséolved in 100 ml, of 0,1 molar hydrochloric acid, M
This solution was diluted to a cobalt concentration of
1,00 x ;‘LO“’5 molar, and the spectrum was determined in the
region 220-625 millimicrons, The absorption curve is shown
in FPigure 1 (C); position of maxima: 262 and 350 milli-
microns; extinction values: 6,90 x 103 and L8 x 1039

respectively.

Solubility of Solid Tris Complex

The tris complex, 0.05 g., was added to 100 ml, of
water, 1 molar sodium hydroxide, 1 molar hydrochloric acid,
ethyl ether, and 95 per cent ethyl alecochol, respsctively,
These solutions then were shaken for several hours,
Complete solubtion was effected only in hydrochloric acid,
and the solution cobtained was dark brown, Partial solution

was observed (also brewn) in the water and sodium hydroxide,

]

but the color also was brown., In ethér'and aleonol no color

was observed,



Re=formation of Tris Complexes from Acidified Solution

A green solution, cobalt conecentration 1 x iLO"“LL molar,
was prepared in unbuffered solution, and the spectrum was
determined in the region 350 to 600 millimicrons AFigure
1 (A)7; the extinction at 00 millimicrons was 1.38 x 10°,
The solution then was acidified with concentrated hydro-
chloric acid, and the spectrum wasg determined /Figure 1
(D)7. Enough concentrated sodium hydroxide was added to
bring the solution to pH 10, and the spectrum was re-
determined, The resulting absorption curve is shown in
Figure 1 (E); the extinction value at 400 millimicrons was

2,31 x 103,

Preparation of Diaquobis(2-
Lomplex

(1) Prom Hexamminecobalt(III) Chloride--Hexammine=

cobalt (IIT) chloride, 0,0268 g, (0,100 millimoles), 0,0227
g. (0,200 millimoles) of AET hydrochloride, and 1.21 g.
(10,0 millimoles) of tris(hydroxymethyl)amminomethane were
dissolved in 100 ml. of de~aerated water and heated under
nitrogen at 500 €. The spectrum was determined every hour
until no further change was noted; the time required was
approximately ten hours, The sgpectrum is shown in Figure
1 (B); position of wmaxima: L35, 350, and 278 milliﬁicrons;
extinetion valuess 1.82, 5,10, and 6,83 x 103, Trespece=

tively o
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(2) From Cobalt(IT) Chlorids in Buffered Solution--

Cobalt(II}) chloride hexahydrate, 0,0119 g. (0,050 milli-
moles), 0,011l g. (0,100 millimoles) of AET hydrochloride,
and 1.21 g, (10 millimoles) of tris{hydroxymethyl)-
aminomethane were dissolved in 100 ml, of deuioniZed, but
not de-aerated, water, The formation of the complex was
rapid, and the spectrum obtained was stable for a period of
several days, The shape of the absorption curve is shown in
Figure 1 (B); pogition of maxima: L37, 350, and 279 milli-
microns; extinction values: 2,0L, L.63, and 7.23 x 103,
respectively.

(3) From Cobslt(II) Chloride in Unbuffered Solution--

Cobalt{II) chloride hexahydrate, 0,0119 g, (0,050 milli-
moles) and 0,0236 g. (0,200 millimoles) of AET hydrochloride
were digsolved in 100 ml, of de-=ionized water, and scdium
hydroxide, 1,19 ml, of 0,10 molar concentration, then was
added, After addition of the sodium hydroxide, the forma-
tion of the complex was quite rapid. The shape of the
absorption curve is shown in Figure 1 (B); position of
maxima: U438, 350, and 268 millimicrons; extinction valuess

1.98, 5.49, and 7,15 x 103s respectively.,

Ion Exchange with Solution of Bis Complex Prepared Directly

A solution, 0,005 molar in bis complex, prepared as
described directly above,; and made 0.0l molar in sodium
hydroxide was passed through a short column of Dowex-50,

which had been converted to the sodium form; the solubion
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came through colorless, Another portion of the same solu=-
tion wag passed through a similar column of Amberlite IRA-

LOC and came through with color still present,

Stolchiomebtry for Formation of Bis Complex
(1) Oxveen ConsumptionspCobalt(II)‘chloride

hexahydrate, 0,119 g, {0,500 millimoles) and 00,1135 g,

(1,00 millimoles) of AET hydrochloride were dissclved in

100 mi, of de-aerated water, and the solution was added to
the reactlion flask of the abscrption apparatus, Alr was
drawn into the s&sbem by means of the leveling bulb,

Exactly 2,00 ml, of 1,0 molar sedium hydroxide then was
added, (It is important to know the exact volume of sodium
hydroxide admitted, since the system is closed and a volume
correction must be made.) The volume of oxygen was followed
as a function of time until the reading became constant,
Oxygen absorbed: 3,05 c.6.; volume caleulated from proposed
equation (7) /femperaturs 26° G, pressure 70.8 m.m,/ was

3.15 c.c.
(2) Sodium Hydroxide Consumption--Cobalt(II) chloride

hexahydrate, 0,119 g, (0,500 millimoles), and 001135 g
(1,0 miliimole) of AET hydrochloride were dissolved in

100 ml., of 0,0200 molar sodium hydroxide (2.00 millimoles).
A large excess of oxygen was passed through the solution,
The solution then was backetitrated with 1,072 molar
hydrochloric acid, The titration curve started at pH 11.0

and showed an inflection at pH 10,.7; the end point was
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taken at pH 7.0:; 0,43 millimoles of sodium hydroxide was
thus shown to be present in the solution, indicating that
1,57 millimoles had been consumed in the reaction; calcu-

lated from preposed squation (7): 1,50 millimoles,

Cobalt Determination in Cobalt(III) Complexes

A sample of the complex was weighed accurately and
placed in a Kjsldahl flask; 10 ml, of conecentrated nitric
acid and 10 ml, of coneentrated sulfuric acid were added,
and the resulbting solution heated %o boilings 50 ml, of 20:1
sulfuric acid was added, and the solublon was heated to
fumes of sulfuric acid., The solution then was oxidized with
0.5 g. of ammonium persulfate,,made;alkalinegwith_30 ml, of
concentrated ammonium hydroxide and neutralized with dilute
sulfuric acid; finally, 50-70 ml, of concentrated ammonium
hydroxide was added, If the decomposition had been carried
out properly, the soclubtion was pink at this point., The
solution was electrolyzed with a Sargent-Slomin Electrolytic
Anglyzer, the cobalt being plated onto a previously weighed
electrode, Complstion of plating was determined by means of

a polysulfide solution,



TRIS(2-AMINOETHANETHIO)COBALT(IITI)

As was stated in the inbtroduction, a solid tris complex
wag prepared first by Felder et al. (L), Unfortunately,
their paper gives no experimental details., These authors
represent the formation of the complex by equations (1) and
(2), but stats in the discuszsion that sodium hydroxide must

be added in order to form the big~AET cobalt(II) complex.

(1) CoCl, + 2 scﬁécﬂzmﬁg—~——+ Co(SCH,CH,WH,) , + 2 HOL

_ y: AR NP
(2) @2 co(SCH20H2NH2)2 + 2 SCHZCHQNHB +5 05 —

: T
2 CO(SCH2qh2NH2)3 %‘HQO

One might surmise that sufficlent base would be added to
neutralize the hydrochloric acid formed accerding to
equation (1), i.e.,, two moles of base per gram-atom of
cobalt, but the amount is not specified, In order to
agcertain the stoichiometry directly, 1,00 millimoles of
cobalt(II) chloride hexahydrate was mixed with 3.3 milli-
moles of AET hydrochloride and 6.3 millimoles of socdium
hydroxide in 100 ml, of de=-aserated water, in an apparabus

for measuring oxygen absorption. The absorption of 0,25

1l
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millimoles of oxygen took place rapidly, and one millimole
of alkali could be demonstrated in the mother liquor by
back=titration with acid, The stoichiometry of the reaction

may be represented, then, by equation (3):

e . 4 -
(3) 4 Co™" + 12 HSCHZCHENHB + 20 OH + Og—

i  Co(SCH,CH,NH + 22 H

2MHy) 3 20

An attempt them was made %o prepare the tris complex by
en alternative method, the substitution of AET into a
cobalt{III) complex of lower stability., Accordingly,
hexamminecobalt(III) chloride was reacted with a slight
excess of AET (AET hydrochloride plus one equivalent of
sodium hydroxide), and the complex was isolated in good
yield after heating for two hours at 50° C, The reaction
can be represented by equation (L) |

+ +

(L) Co (NH3)6++ + 3 HSCH,CH,NE

LNE; + 3 O ————

‘ +
co(SGchHQNHQ)B 4 3 NHH + 3 NH, + H,0

3
In this preparation, no oxygen need be added; indeed, it was
carried out with de-zerated solutions under an atmosphere of
nitrogen, Thig supports the formulation of the complex

produced as one of cobalt(III),
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Since the tris complex iz colored, it was expected that
its absorption spectrum would be of great assistance in its
characterization and identification, Therefore, 1t was
attempted to dissolve the complex in water or in other
solvents and to determine the absorption of the solution,
This, however, proved unexpectedly diffieculd, and the solu-
tions obtained were always brownish in‘c@'lor’° It seems that
the complex is wery sparingly soluble and that,"in solution,
it 1s susceptible to oxidation, while the oxidatlon products
are brownish and readily soluble, Thus the spectrum could
not be obtained from the solid complex, It should be
pointéd out, in passing, that insolubility in water is quite
in keeping with the formulation of the tris complex as an
"inner salt." Unfortunately, the complex is quite insoluble
in organic solvents, too,

Preparation of the complex directly in solution at high
dilution then was undertaken, This already had been
attempted by Neville (8), but the results of this study
differ quite considerably from his, possibly because he did
not realize fully how easily these complexes are altered by
oxidation, When the color was developed from a mixbture
containing only the required amount of AET, the spectra
developed altered rapidly, although they could be determined
approximately by working rapidly and with care,

A much more stable spectrum could be obtained, as might

be expected, when a large excess of AET was used, and these
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experiments will be deseribed first., When 2,5 and 5 x 10“h
molar cobalt(II) chloride was mixed with a large excess of
AET (AET hydrochloride to which 1,2 equivalents of sodium
hydroxide had been added) in de-ionized but not de-aerated
water, an emerald green color developed in a few minutes,
The spsctrum was stable for several hours, so it could be
determimed at leisure; the absorption curve is shown in
Pigure 1 (A). At these concenbraticns no precipitate
formed, and the extinction values were calculated on the
bagls of the concentration of cobalt. The same spectrum
doveloped from cobalt(II) chloride and AET hydrochloride
when 0,1 molar tris(hydroxymethyl)aminomethane was used in
place of sodium hydroxide, The tris{hydroxymethyl)amino-
methane serves to buffer the soclution at about pH 9.5,
Although tris(hydroxymethyl)aminomethane itself complexes
cobalt ion, it apparently doss not interfere with the formae
tion of the AET complex, In order to ascertain the composi-
tion of the complex formed in these circumstances, its
preparation alsc was underbtaken with a mixture of 3,3 moles
of AET per gram-azbtom of cobalt(II) in tris(hydroxymethyl).-
aminomethane, The absorption curve had the same shape as
that found with an excess of AET, although the extinctions
at the maxima were about 10 per cent lower, The spectrum
altered quickly, and these results could be obbained only
within fifteen minutes from the time of mixing: subse-

quently, more profound changes ensued,
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A spectrum identical with that cbtained from cobalt(II)
also could be developed from hexamminecobalt(III) chloride
in tris(hydroxymethyl)aminomethane,

The spectral curve, with maxima at 570 and LL0 milli-
microns, differs from that reported by Neville (8), with
maxima at 580 and 340 millimicrons, There is onlj a glight
disagreement ag far as the position of the first absorption
peak is concerned, but a peak also was found at 40 milli-
microng, while Neville did not find thils, Also, a continue-
ally rising sbsorption in the neighborheod of 340
millimicrons was found. A possible reason for the dis-
crepaney is indicated by the fact that the extinction wvalue
at the 570-580 maximum found by Neville is about half as
large as that found in this work. This might indicate that
the complex measured by Neville had been at least half-
destroyed by oxidation, Oxidation, as already has been
stated, gives brown%sh products, with an absorption similar
to curve (D} in Figure 1, which exhibits a plateau from
about 300 to 340 millimicronsg, and formation of such
material might cause the appearance of a maximum at the
position reported by Neville,

The steeply rising curve which was found in this wave-
length range surely forms the side of a third and very high
absorption peak, which might be centered about 260 milli«
microng; but to examine ths top of this maximum would

necesgsitate working with solutions more dilute than
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5 x 10“5 molar, and this was not undertaksn because of their
extreme lability,

It has been seen, then, that a green complex, shown by
analysis to contain three molecules of AET per atom of
cobalt, was precipitated from solutions approximately 0,01
molar in cobalt and that green solutions ceould be formed
with approximately 1 x 104’L molar cobalt and excess AET,
Although a large excess of AET was required to obtain
stable spesctra, absorption curves very simlilar to those
obtalned in excess AET algo could be developed, although
only briefly, with only a 1little more than three moles of
AET per atom of cobalt, This lesads to the conclusion thatb
the gréen color algo was due te a tris complex,

For a long time, 1t was belliewved that the two complexes
were the same, although it has been stated that the solid
complex would not dissolve to give green solutions,
However, the behavior of the solid complex and the green
solution upon treabtment with acid is quite different and
indicates that the -werksr is dealing with two (or more )
complexes, For convenlence the writer éhall hen@efortﬁ
refer to the splid complex as Complex I and to the
complex(es) responsible for the green color in solution as
Complex II,

Felder gt al. (6) first observed that Complex I
digssolves in acid to give brown solutions, but they did not

cormment upon this peculiarity., In order to investigate the
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phenomenon further, a weighed amount of Complex I was placed
in 0,1 molar hydrochloric acid; a brown color developed as
the solid dissolwed, and the absorption curve is shown in
Pigure 1 (C), Since the spectrum appeared to be quite
stable, although the acid was present in large excess, a
reaction of definite stoichiomebry apparently took place,
and not a gradual decomposition of the complex, It is
postulated that the reaction is represented by equation (5)g

in other words, that
~ _ ‘ +
(5) Co(SCHZCHeNHg)3 + 2 H-—————>Co(SCHZCH2NEé)2
+ HSCH,CH,NH
i~ i el R

The brown color produced is due %o a bis complex, This
belief is baged mainly on the fact that the sp@@truﬁ is
similar to that of a bis complex formed directly (see next
chapter), »
Significantly different results were obtained when the
green solutions formed at low concentrations were acidified.
A solution formed from 5 x 105 molar cobalt and a ten-fold
excess of AET, and made acid after the green color had
developed, gave the spectrum shown in Figure 1 (D), This
golution then was again made basic in an attempt to restore
the original spectrum, This did not ccour, bubt the shape of

the resulting absorption curve [Figure 1 (E)_/, which is



intermediate bebtween curves 1 (A) and 1 (D), suggests that a
partial restoration of the original complex may have
occurred, while ancther part of the product of acidification
is not changed. The change which takes place upon aclidifi-
cation is not a gradual one, as it could be demonstrated
that, after the initial alteration had occurred, no further
change would take place, It should be added that in order
to effect reconversieon after some time, both alkall and
fresh AET hydrochloride had %o be added,; the original excess
of AET spparently having disappeared by this time.

When Complex I was dissolved in acld, dilubed to a
cobalt concentration ef 5 x 10'“5 melar, and a ten~fold
excess of AET hydrochloride and alkali were added, no change
in the spectrum occurred in the region of 600 to 300 milli-
microns, indicating that no reaction takes place like that
observed with the green solubion,

The writer can offer no unegquivocal explanation for
this puzzling bshavior but would suggest, on the basis of
it, that Complex II consists of a mixturs of two isomeric
tris complexes while Complex I contains only cne of them,
This isomer is changed upon acidification so that it does
not form a green color upon treatment with base and excess
AET, while the other isomer contained in Complex II can be
converted to brown with acid, then back to green with base,

There are two stereoisomeric configurations possible

for tris complexes of AET, as represented in Pigure 2, and
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the two isomeric complexes under discussion may have these
configurations., If so, the information at hand dees nob
allow one to decide which complex hasg which structure. Some
correlations of structures with absorption spectra have been
made (9,11,12,13), but the results are not applicable to
this problem, This is true, first, because the spectrum in
the region of greatest interest, 280-220 millimierons, is
net available and, secondly, because the generality of the
correlations is open to question,

On the other hand, the difference in behavior described
above indicates, perhaps, a more profound difference in
structure than mere diastereoisomerism, The extreme
insolubility of Complex I in both water and organic solvents
suggests the possibility that this complex is polymeric,
with AET molecules serving as bridges between cobalt ions,
However, confirmation of this hypothesis must await study by

methods other than bthose available in this work,



BIS(2-AMINOETHANETHIO)COBALT (III) COMPLEXES

Discusgion of the complexes which contain two molecules
of AET per atom of cobalt involes two questions, which will
be discussed at the outset.

The first questien concerns the stersoisomerism of the
complexes, which is somewhat more complicated than in the
case of tris complexes because the two positions in the
coordination sphere of cobalt(III) not ocecupied by AET can
be g¢is or frang to one another, Then, the AET molecules can
be sttached in different ways, giﬁing a total of five
diastereoisomers (Figure 3),

The second question concermns the possible acidity of
coordinated aque groups and arises because, in certaln
complexes of a similar nature, the lonization represented by
equation (6) plays an important role in their chemical

behavior,

(6) [Co XM(HZO)} n ;:Z:::f[?o Xh(OH)2} n-2 4 2H+

Thus, Lamb and Damoch (6) report such an equilibrium in the
diaquotebtramminecobalt(III) ieon, with pK values of 5,32 and
7.30 for the first and second dissociation constaﬁts9 while

Bjerrum and Rasmussen (3,10) find similar data for both the
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cis and trans forms of the diaquobisethylendiamine=-
cobalt(III) ion., Although this interesting work camnot be
discussed in detail, two points that are important to the
discussion will be mentioned: one, that the pK values of
the aquo groups are about six and eight, and, two, that
there are appreciable differences in the spectra of the
hydroxo and aquo complexes with the same isomeric configura-
tion. While it remains to be seen to what extent these
results can be gensralized, it is clear that comparable
phenomena might be expected in the bis complexes of AET with
cobalt,

With these facts in mind, the preparation of bis
complex was first undertaken by mixing 0.5 millimoles of
cobalt(II) chloride with 1,0 millimoles AET hydrochloride
and 100 ml, 0,02 molar sodium hydroxide, and passing oxygen
through the solution, At tne end of the reaction, the
solution had a pH of about 11, and back titration with 1.0
molar hydrochloric acid gave an end point inflection
characteristic of the titration of a strong base with a
strong acid, with no evidence for the existence of an acide
base equilibrium in the pH range 10=l, One=half millimole
of acid was consumed, and this is in accord with the

gtoichiometry represented in equation (7):

e

ol + -
(7) L Co + 8 HSCchHzNHB ¥ .12 OH '+ O2

i [Co(scﬂgcﬂgmz)z(ﬁao) 2] *+6 H,0.
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If the two molecules of water included in the formulation of
the complex were acidic, the reaction would have proceeded
according to equation (8), and all the sodium hydroxide

would have been consumed.,

(8) L4 cott + 8 HSCH,CH,, NH;' + 16 OH + Y, T

n [c:;;»(scﬁecrzt2 NH,), (H,0) OH| + 10 H,0.

To the solution prepared in this way, additional sodium
hydroxide was added, and then it was passed through a
cation-exchange resin, Dowex 50, in the sodium form; the
color was completely removed by this treatment. On the
other hand, the colored solution passed unchanged through a
bed of anion exchanger, Amberlite IRA-400, This confirms
that the complex is a cation, as formulated in equation (7),
and not an anion, [CO(SCH20H2NH2)2(OH)2} -

The spectrum of the solution in the region 220-650
millimicrons was determined after appropriate dilution with
water, with 0,01 molar sodium hydroxide, and with 0,01 molar
hydrochloric acid, The resulting spectra were identical in
the three cases and are represented by curve B in Figure 1,
Since one can reasonably expect that a substantial change in
the spectrum would accompany the conversion of a dihydroxo
complex to a diaquo complex, and since the conversion surely

would ocecur in going from 0.0l molar scdium hydroxide to
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0,01 molar hydrochloric acid, these observations reinforce
the conclusion that no such equilibrium occurs in the solu-
tions under discussion,

An absorption curve identical with that shown in
Figure 1 (B) also was obtained directly in solution by
mixing 0,05 millimole of cobalt(II) chloride with 0,1 milli-
mole of AET hydrochloride in 100 ml, of solution, using
either 0.2 millimoles of sodium hydroxide or 0,1 molar
tris (hydroxymethyl)aminomethane buffer, Finally, the same
spectrum also was developed by mixing 0,10 millimoles of
hexamminecobalt (III) chloride with 0,20 millimoles of AET
hydrochloride in 100 ml, of 0,1 molar tris(hydroxymethyl)-
aminomethane, The three sets of results agree, and all
indicate the formation of a bis complex, It seems unlikely
that the spectrum could be that of a mixture, since it 1is
formed identically in quite different clircumstances; but, on
the other hand, the spectra of the possible isomers may be
quite similar, so that the presence of varicus individual
ones would not be revealed by the spectrum,

It should be recalled at this time that treatment of
tris Complex I with acid gives an absorption curve similar,
but by no means identical, with that of bis prepared
directly. If, as has been suggested as a possibility in
the previous section, tris Complex I is polymeric in form,’
its acid decomposition product could be a trans diaquo

complex, and the bis complex prepared directly differs from
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it only in the manner in which the AET molecules are
attached to the cobalt(III) ion. In other words, these two
bis complexes may be cis=N,S and trans-N,S isomers (9),

while the aguo groups are trang in both cases,



SUMMARY

A s0lid complex which containg three molecules at ABT
per ion of cobalt(III) has been prepared. The stoichiomebry
of its preparation may be repregsented by the following

equation:

s

N

Iy Co™ 4 12 SCH,GH,NH; + 20 OH” + O

2

ly Co(SCH,CH,NH,)

5 + 22 Hy0,

3
This complex azlso was prepared from hexamminecobalt{III)
chloride. Owing to the insolubility of the complex, solu-
tiong of it could not be prepared for measurement of light
absorption, A green solution could be obtained directly by
mixing cobalt and AET in 1:3 ratio at high dilutionsg

(lrx 10”u melar cobalt), The spectrum developed in this way
was different from that previously reported by Neville (8).
This solution gave, upon acidification, a brown color, the
gpectrum of which was different from that obbtained when the
solid tris complex was treated with acid, Furthermore, the
product of acidifying the green solution gave, upon being
made basic in the presence of excess AET, a spectrum that

might be due to partiél reconversion to the original

31
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complex, while the product of acidifiying the solid tris
complex deces not do so, This suggests that the green solu=-
tions may consist of a mixture of two isomeric tris
complexes, one of which is irreversibly changed by acidifi-
cation, while the other can be changed to brown and then
regenerated; the solid tris complex contains only the former
isomer,

The two isomers might have diastereoisomeric structures
as shown in Figure 2, page 23, but it is difficult to
explain why one of these structures would not be regenerated.
The behavior of its acid decomposition product and its
insolubility in organic solvents suggest that the solid tris
complex may have a peculiar structure; e.g., that it may be
a polymer in which cobalt(III) units are joined by AET
molecules, In this case, a product of acidification would
be a trang diaguo complex,

A bisAET-cobalt complex also has been prepared, the
stoichiometry being represented by the following equation:

44 o+ N
L4 Co + 8 HSCHECHENHB + 12 OH™ + 02 ?

+
L Co(SCH,CH,NH, ) , (H20)2] +6 H,0
The water molecules shown present in the complex are not

sufficiently acidic to give rise to aquo-hydroxo ionization
in 0,1 molar sodium hydroxide. Although diaquobis(2-

aminoethanethio)cobalt (III) complexes can exist in several
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isomeric forms, the bis complex prepared directly is notb
believed to be a mixbture of isomers, The spectrum of this
complex and the one obtained by treating the solid tris
complex with acid are very similar, If the solid tris
complex is polymeric in nature, the bis complex prepared by
acldifying it and the bis complex prepared directly ceould be
isomeric frans-diaquo forms in which the sulfide and amino
ends of the tws AET molecules are attached in ¢is or in

trana positions, ag shown in Figure 3, D, and E,
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