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A considerable number of cobalt complexes are
known in which cobalt is bound by the coordination
bond to the dioxygen group [1–3]. These compounds
are mixed-ligand complexes with the coordination
sphere containing, in addition to the dioxygen group,
other ligands completing the coordination polyhedron
of the central atom to an octahedron. Depending on the
number of complex-forming atoms involved in bonding
to the dioxygen ligand, mononuclear complexes [4] and
binuclear complexes (in which the O–O group act as a
bridge [5]) are distinguished. In both cases, depending
on the redistribution of electron density between the
transition metal and dioxygen group, compounds are
described as peroxo or superoxo compounds of
cobalt(III) (for mononuclear complexes) and (III, III)
or (III, IV) (for binuclear complexes) [1]. The only
dioxygen compound of cobalt(II) with a “simple” com-
position is so-called cobalt peroxide obtained by treat-
ing a cooled water–alcohol solution of cobalt chloride
and hydrogen peroxides with a sodium hydroxide solu-
tion [6, 7]. This procedure was repeatedly reprinted in
the classical handbook on preparatory techniques [8–
11]. Based on the thermal decomposition data, the dark
green crystalline compound was identified as cobalt
peroxide CoO

 

2

 

 [6, 7]. Such a compound is rather
extraordinary taking into account the high mobility and
donor properties of electrons in the antibonding orbitals
of the peroxide ion [12, 13], which should increase the
electron density at the cobalt(II) atom [14]. At the same
time, this compound can be formally considered as
cobalt(IV) oxide [15], which does not contradict the
formula reported in [6, 7]. 

The charge state of the cobalt atom can be unambig-
uously judged from emission Mössbauer spectroscopy
data [16], which demonstrated that, in iron–oxygen
compounds, there is a correlation between the isomer
shift and the oxidation state of iron atoms that form

upon the decay of cobalt atoms and retain their oxida-
tion state [17]. Therefore, this study deals with the
determination of the charge state of cobalt in this com-
pound by emission Mössbauer spectroscopy.

EXPERIMENTAL

The compound was synthesized by a somewhat
modified procedure described in [6–8]. To 20 mL of a
4% CoCl

 

2

 

 solution (containing 

 

57

 

Co in the amount cor-
responding to an activity of 1 mCi) in 96% alcohol
cooled to –30 to –35

 

°

 

C, 10 mL of a 30% hydrogen per-
oxide was added. The resulting pink solution was
cooled again, and 6 mL of 15% Na

 

2

 

CO

 

3

 

 solution was
added dropwise under vigorous stirring. The resulting
dark green suspension was slowly heated avoiding
rapid decomposition of hydrogen peroxide and, hence,
a sharp increase in mixture temperature. After room
temperature was achieved, the precipitate was sepa-
rated from the mother liquor by centrifuging and suc-
cessively washed with ethyl alcohol and acetone. The
resulting dark green powder was finally dried in a vac-
uum desiccator over crystalline potassium hydroxide.

The compound obtained by the above procedure is
stable at liquid nitrogen temperature at least for a
month, whereas, at room temperature, the powder turns
dark brown within 3–7 days.

All reagents used in the work were of pure for anal-
ysis or higher grade. An aqueous solution of cobalt(II)
without a carrier in 0.1 M HCl was used as the cobalt-
57 source. The reagents were cooled in a thermostat
preliminarily cooled with aqueous ethylene glycol.

Emission Mössbauer spectra were recorded on an
MS1101-E constant-acceleration spectrometer
(MosTec, Rostov-on-Don) both at room temperature
and liquid nitrogen temperature (with the use of a cry-
ostat). The absorber (potassium ferrocyanide with a
line width of 0.32 mm/s with the use of a standard

 

57

 

Co/Rh source (Tsiklotron, Obninsk)) was at room
temperature. The spectra were processed with the
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Univem MS 4.02b software (Research Institute of
Physics, Rostov-on-Don) by the least-squares method.
The Mössbauer spectral parameters were referenced to

 

α

 

-iron.

RESULTS AND DISCUSSION

Preliminary studies showed that the procedure in
[6–11] implying that the cooled alcohol mixture of
hydrogen peroxide and cobalt chloride should be
treated with a sodium hydroxide solution led to the for-
mation of a black-brown rather than green precipitate,
evidently, of cobalt(III) hydroxide [18]. The desired
green precipitates were obtained only by treating the
solutions with sodium carbonate.

It is likely that the reagent solutions used in [6, 7]
were not protected from carbon dioxide, which formed
upon the sublimation of artificial ice used as a refriger-
ant. Sodium hydroxide reacts with carbon dioxide to
form sodium carbonate, which was responsible for the
formation of a green precipitate described by the
authors [6, 7] as cobalt peroxide. Therefore, we used a

sodium carbonate solution for precipitation since, only
under these conditions the deposition of the green pre-
cipitate can be reproduced. The emission Mössbauer
spectra of both freshly prepared samples (hereafter,
sample A) and the samples stored for more than 7
months at room temperature (hereafter, sample B) dif-
fer only slightly from each other. Each of them repre-
sents a well-resolved doublet (Fig. 1). All spectra can
be satisfactorily described as a superposition of two
nested doublets (table). Taking into account that the
isomer shifts of the doublets are close to each other and
that only the quadrupole splittings and line widths are
significantly different, we can assume that both sub-
spectra correspond to the parent cobalt atoms in the
same environment. The doublet with the small quadru-
pole splitting and line width corresponds to the atoms
in a well-formed crystal lattice, whereas the subspec-
trum with the large quadrupole splitting and the larger
line width corresponds to the amorphous part of the
sample or to the atoms in the near-surface layer of crys-
tallites. Taking into account nonequilibrium synthesis
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Fig. 1.

 

 Emission Mössbauer spectra of the same sample (A) immediately after preparation and (B) within 7 months after preparation
and various temperatures.
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conditions, we may assume that the resulting com-
pound has a high concentration of defects, which is
confirmed by its X-ray diffraction analysis (only very
weak broad lines are observed).

The isomer shift of the doublets at room temperature
correspond to iron atoms (and, hence, to the parent
cobalt atoms) in the oxidation state +3 in the tetrahedral
oxygen environment [17]. Thus, the dark green sub-
stance prepared by the above procedure cannot be a
cobalt(II) compound. Its peroxide nature is likewise
improbable since only octahedral complexes are known
for cobalt(III) peroxo compounds [1–3]. These conclu-
sions are supported by the chemical analysis data for
the products obtained by the above procedure, which
demonstrated that these is one electron equivalent of
the oxidant per cobalt(II) atom.

At first glance, the spectral parameters of the dark
brown sample B differ slightly from those of the freshly
prepared sample (table). The most clearly observed is
the change in the quadrupole splitting, which corre-
sponds to a higher symmetry of the central ion. Small
changes in Mössbauer parameters are evidence of an
insignificant change in the nearest environment of the
cobalt atoms that accompanies the transformation of A
to B (with a radical change in color) in the course of
storage at room temperature.

On the other hand, in the spectrum recorded at 78 K,
shoulders are clearly observed at the left wing of the
doublet line. These shoulders are poorly described by
the suggested model of two nested doublets (Fig. 1, B).
In addition, these shoulders cannot be described by
assuming the presence of the third doublet with a large

quadrupole splitting and isomer shift typical of iron(III)
compounds. These shoulders can indicate the presence
of resonance lines arising from iron atoms in higher
(than +3) oxidation states. There is no way to reliably
isolate these lines because of a low concentration of the
corresponding atoms. In the spectrum of the same sam-
ple at room temperature, these lines are not observed,
but their possible presence leads to an abrupt change in
the proportion (reversal) between the areas of the dou-
blets describing this spectrum and to a considerably dif-
ference between the corresponding isomer shifts (table,
sample B, model 1).

If we assume that cobalt atoms have the same charge
state and, by analogy with sample A, fix the isomer
shifts of both doublets at 0.14 mm/s in simulation of
room-temperature spectra, the spectrum can be most
satisfactorily described by introducing a singlet with an
area of about 3% (Fig. 2, table, model 2). The isomer
shift of this singlet coincides with the corresponding
value for an iron +5 compound [19] and, hence, corre-
sponds to cobalt atoms in the oxidation state +5.

To explain the existence of this highly charged
cobalt state, we can consider two hypotheses of radia-
tion nature. On the one hand, the 

 

E

 

 capture by the 

 

57

 

Co
nucleus, underlying the nuclear transformation of the
latter, brings about a cascade of Auger processes result-
ing in ionization of cobalt atoms up to the charge +8
[20]. Further behavior of this highly charged ion is
determined by its nearest environment and lifetime. If
this metastable state persists longer than 10

 

–7

 

 s, it can be
detected by emission Mössbauer spectroscopy [21]. In
this case, assuming that the cobalt atoms in samples A
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and B have similar nature, the observed phenomenon
should manifest itself in both samples. In addition, a
short (if at all) lifetime of the ionized state should lead
to a considerable broadening of the resonance line. On
the other hand, the emergence of the narrow line only
in the spectrum of sample B can be accounted for by the
accumulation of radiation defects in the sample caused
by radiolysis [22] followed by the electron density
redistribution in the crystal and stabilization of a frac-
tion of cobalt atoms in the oxidation state +5.

Thus, emission Mössbauer spectroscopy showed
that the substance obtained by the procedure in [6–11]
cannot be cobalt(II) peroxide; rather, it is a cobalt(III)
compound (evidently, hydrated oxide).
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 Model 2 for the emission Mössbauer spectrum of sample B at 300 K.
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