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A great deal of observations show that materials with large surface can
increase the rate of certain complex reactions. SCHWARZ and KRONIG [1]
transformed the hexammine - Co(IIl)~chloride into chloropentammine Co(III)~
chloride by applying active carbon as catalyst. SCIHILOW and NYEKRASOV
[2] pointed out that differet Co(IIl) complexes are adsorbed on active carbon
and partly reduced. BJERRUM applied the catalytic effect of active carbon to
determine the stability constants of different Co(Ill) complexes [_3] and to
prepare hexammine Co(lIl) salts [4] . The catalytic effect of- charcoal was
used for preparation of many Co(III) comple\ces by BAILAR and \\’ORK[S],
SCHWARZENBACH [_6] used charcoal activated by palladium to prepare the
Co(lll)-ethylenediaminetetraacetic acid complex by the following exchange
reaction

'
Co(RH3)§ +EDTA*" - Co(IIDEDTA™ + 6 NHj

Our work aimed firstly to obtain data on the mechanism of the catdysis,
further to simplify the preparation of some Co(Ill) complexes by applying the
catalytic effect of active carbon , '

In order to elucidate the mechanism of calalysis the system CO(NH:3) %"’ -
EDTA - aclive carbon was studied in s olution with and without buffer.

Experiments .wure carried out a8s follows. The reaction mixture was ...
composed in a 250 ml mecasuring flask. The concertrations of solutions for
hexammine Co(lI])-chloride were always 0,008 mol/l . The solution was
intensively stirred by vibration stirrer. The reaction begins on addition of active
carbon. After this from lime to time samples were pipetted from the solution
and filtered from tie charcoal. The .reaction was followed by measuring the
absorbancy of these samples by Beckman B spectropholometer at 540 m}xé_ﬁin
5 cm cells,

The effect of temperature. pll and the conceniration of EDTA and the
catalyst on the rale of reaction was examined. It was established that the rate
of reaction is proportional to the concentration of EDTA and inversely proportional
to the concentration of ;hydrogen ions. On increasing the amount of catalyst the
velocity of reaction [irst increases then it reaches a maximum. Further
increasing the amount of aclive carbon the conversion decreases. This can be
interpreted by the reducing effect of the active carbon. The reduction of
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CoCIll) complexes in the presence of active carbon was definitely proved.

Fig. 1 shows the effect of temperature on the rate of reaction The
aclivation energy of the catalysed exchange reaction was found to be 18 kcal
as it can be seen from Fig. 2.

S.umlar experimenis were also carried out with aquopentammine-Co(III)
‘and* -chloropentammine Co(IIl) complexes, however, in these cases the rate
of exchange reaction is exiremely great. Consequently it would be a plausible
explanation for the mechanism of exchange reaction that the active carbon
catalyses the hexammineCo(IIl) ~ aquopentammineCo(IIl) transformation. Since
the velocity of this transformation ~ according to our investigations - is =
smaller than that of the exchange reaction this interpretation must be out of
consideration.

On ithe basis of kinetic investigations the most probable explanation is
that under the influence of adsorption the coordination splere of the adsorbed
complex looses. The collision of the adsorbed complex with ligand ~ which
forms a thermodinamically more stable complex - is more effective than the
collision in the solution. Naturally, the loosening of the coordination splere is
inversely proportionai to the symmdry o the complexes. The experimental
findings are in accordance with this view : the hexammineCo(IIl) reacts faster
than the aquopentamminé Co(III) or the chloropentammine Co(III) complexes.

As was mentioned above the calalysis by active carbon was succesfully
‘applied lo prepars hsxammineCo(Ill) salts. The effect of catalysis was inter-
preted as the catalysis of equilibrization between the different Co(III) complexes.
In our opinion the charcoal plays a.rde in the oxidation of Co(Il), too, The
catalysis of oxidation was ecasily demonstrated in the case of Co(Il) glycylglycine
complex. As it is well kiown the oxidation of this complex by molecular oxygen
takes place in two steps. Al higher pHl the formation of a brown intermediate
can be observed. while at lower pll (pH 5-7) the end product ~ Co(lII)
glycylglycine complex ~ forms immediately. In the presence of active carbon
the red end product is formed immediately at higher pll

Experimenls were carried out in order to establish whether the active
carbon can catalyse the reduction of Co(lIIl) complex by different reducing
agents, It was found that the charcoal can catalyseeme reduction processes, oo,
For example, it was stated that in the presence of active carbon the
chloropentammineCo(Ill)-clioride is redyced by ascorbic acid. In acidified
medjum the reduction takes place with a measurable rate, while about pH 5 tle
reaction is immediate (Fig. 3.) Under these cirsumstances the hexammineCo(lJI)~
chloride camot be reduced,

The exchange reactions catalysed by charcoal were used for preparative
purposes, too. We prepared the Co(lIIl) glycylglycine complex and pointed out
that it is the same as the product of the irreversible oxidation of Ca(Il) -
glycylglycine. The details of that work are given in another paper [7] .

The preparation of tris-acetylacetoneCo(IIl) complex from different ammin.
complexes of Co(III) has thoroughly been studied. In the course of that work
the tris-acetylacetoneCo(Ill) was prepared with good yield from
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hexammineCo(IIf)-chloride with acetylacetone in tle presence of charcoal.
ChloropentammineCoCIlD) chloride and aquopentammineCo(IIl)-chloride react
with acetylacetone faster than the hexammine complex does, the reaction takes
place - although with a more lower irale ~ even in the absence of active
carbon. On applying the acetylacetone in excess tle yield decreases .since a
reduction of the Co(IIl) complexes by acetylacetone occurs. This reduction

is proved by isolation of bisacetylacetoneCo(Il) complex from the solution.
During our experiments it was observed that on varying the experimental
conditions the Iris-acetylacetone~Co(Ill) complexes obtained are of different
colour. We thoroughly studied this problem taking into consideration an obser-
vation of FERNELIUS [8] that this complex exists in different crystal forms.
Namely the existence of stereoisomers of tris-acetylacetoneCo(IIl) would solve
the essential problem of the structure of acetylacetonate complexes

whether the two oxygens of acetylacelonate are equivalent or not. The experi-
ments ~ completed by crystallographic and X ray diffraction studies for which
thanks are due to Dr. GY. GRASSELLY and Mr, D. KIRALY - proved beyond

doubt that in this case no slereocisomerism exist.

References

[t] Schwarz R. W. Kronig : Ber. 56, 208 (1923).
. [_2] Schilow, N.. B. Nyekrassow: Z, phys. Chem. 118, 79 (1925).

[3] Bjerrum, J.. Metal ammine formation in aqueous solution (Copenhagen 1941)
. 241,

[_4] Bjerrum J.. J.P. McReynolds: Inorganic Syntheses Vol.'[I. (New York,
1946) p. 216.

[5] Bailar, J.C. J.B. Work: J. Am.Chem.Soc. 67, 176 (1945),
[6] Schwarzenbach, G.: Helv, Chim. Acta 108 839 (1949).
[7] Beck, MT. S. Gorog Acta Phys. Chem. Szeged 4, (S 62:(1958).

[8] Fernelius, W.C.. Inorganic Syntheses Vol. V. (New York, 1957) p. 188.



