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The product of the oxidation reaction of cobalt(U) 
acetate in anhydrous acetic acid solution has been 
investigated. The IR, UV and visible spectra as well 
as magnetic susceptibility measurements on cobali 
complex are discussed. 

According to those and polarographic and conduc- 
tometric studies, the complex investigated has been 
reformulated as Co~O(OAc)@IOAc)~. 

Introduction 

While the dark green, relatively stable product of 
cobalt( 11) acetate oxidation in anhydrous acetic acid 
has been known for many years, its compositicn and 
structure have not been definitely determined. 

This compound, prepared by several methods, is 
considered to possess various structures, such as: 
monomeric Co(OAch or trimeric Col(OAc)s by Abegg 
et al;’ a binuclear cationic structure [ (HOAc)&o - 
(OH)?CO(HOAC)~]~+ suggested by Mori et al2 or a 
dimetric structure C(OAC)~CO(OH)ZCO(OAC)Z] repor- 
ted by Koubek and Edwards? Recently Lande et al” 
have established that the composition of this complex 
in the solid phase corresponds to a formula Coz(OAc)l; 
(0H)z. HOAc. 

In our earlier studies we have found that by ap- 
plying different methods for synthesis, one may obtain 
the products of very similar spectroscopic (positions 
of the absorption bands) and magnetic (magnetic su- 
sceptibility) properties, although their compositions 
(quantitative analyses) may somewhat vary.5 The pre- 
sent work is intended to elucidate the reasons of some 
divergencies in interpretation of the structure of Co” 
acetate oxidation product and to suggest a new ap- 
proach to the structure of this compound. 

Experimental Section 

Procedures. Oxotricobalt acetate was prepared by 
oxidation of Co” acetate (5 g) in anhydrous acetic acid 
(300 cc) with a mixture of ozone and oxygen (about 
2% ozone by volume) passed through the solution at 
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room temperature for 24 hours. A dark green solution 
obtained was passed over a specially prepared anion 
exchanger (Dowex Type 2 X8) in order to purify it 
from unreacted Co”, helpd up on the anionite as [Co- 
c14]2-, 

The anionite was prepared as follows: first, it 
was washed with 2N HCl and then rinsed with water 
to neutral reaction and at last, with anhydrous acetic 
acid to remove water. The eluate was distilled in 
vacua at temperatures up to 35°C yielding a thick oil 
from which dark green fine crystals were crystallized 
in a vacuum desiccator over KOH. 

Analytical determinations. Found: Co, 24.08; C, 
29.32; H, 4.09%. Calculated for CoaO(OAc)AHO- 
Ac)~: Co, 24.30; C, 29.73; H, 4.16%. 

The molecular weight determined by the isopiestic 
method is 742.4+27 (theoretical M = 723.23). 

Conductometric titration with sodium hydroxide 
revealed three endpoints (3.27; 7.59; 9.45 gram- 
equivalents of NaOH per 1 mole of CO~O(OAC))~(HO- 
Ach corresponding to approximately 3, 6, 9 acetate 
ligands in one molecule. 

Measurements. Electronic absorption spectra were 
recorded by means of Unicam SP-700 and SP-500 
spectrophotometers and the IR spectra were obtain- 
ed in a Perkin-Elmer Model 621 spectrophotometer. 
Magnetic susceptibility measurements in solid were 
made by the Gouy meihod. Thermogravimetric ana- 
lyses were made over the temperature range from 
25 to 1000°C in a derivatograph Type OD-102. Po- 
Iarographic reduction in an acetate buffer (pH 4.2) 
was studied by means of a Type OH-102 polarograph. 

Results and Discussion 

Elementary analysis of the Co” acetate oxidation 
product and the molecular weight determined permit- 
ted to establish its formula as Co~O(OAch(HOAc)~. 

An empirical formula of the cobalt complex allows 
the Co atom to appear at two different oxidation sta- 
tes (e.g. lCo*+, 2Cd+ or 2C02+, 1C04+). 

Quantitative determination of Co”’ in the com- 
plex has shown that the Co”‘/Co” ratio is equal to 
2. It was thus possible to assume a general formula 
CollCo~llO(OAc)~(HOAc)~ for the compound under 
investigation. The two different oxidation states of 
cobalt should be reflected in a specific course of the 
polarographic reduction. 

Polarographic reduction. Studies on polarogra- 
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Final Remarks 

Co~O(OAcMHOAc)~ is an example of an oxotri- 
metal carboxylate containing an oxygen centered tri- 
angular framework. Similar complexes are well 
known for Cr’+,6 Mn3+,’ Fe3+* and Fe*+.’ The struc- 
ture of such a reformulated complex of cobalt is 
shown in Figure 2. According to this, each cobalt 
atom is coordinated with six oxygens, the central 
oxygen being coordinated by three cobalt atoms. 

P 
Figure 2. The structure of Co,O(OAc),(HOAc),. 

Considering the MjO nucleus according to Cotton 
et al.‘* as a unit of D3h symmetry and C3 axis coin- 
ciding with the ‘z’ axis, one should assume that the 
triangular framework Co10 is formed by 3u Co-O 
bonds. 
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Using a model suggested by Cotton et al. for RuJ- 
O(OAC)~(HZO)~+‘~ and assuming that one of the linear 
combinations of 9 te orbitals will form a n-bonding 
with the pZ orbital of oxygen,” a MO scheme may 
be suggested for the cobalt complex in order to elu- 
cidate its magnetic and spectroscopic properties (Fi- 
gure 3). One should have in mind, however, a very 
qualitative nature of these considerations. 

--- 
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Figure 3. A qualitative molecular orbital diagram fur M,O- 
(OAcXX, species. The electron distribution shown is that 
for Co”Co2’~‘O(OAc)6(HOAc),. 

Unsuccesful attempts to obtain a crystalline form 
of the complex may be explained as due to a strong 
intermolecular interaction, mainly because of the for- 
mation of hydrogen bonds between the acetic acid 
molecules in terminal positions. This is why the com- 
plex is so stable in anhydrous acetic acid. 
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