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Abstract

Cobaloxime complexes of the type [Co(DH),(BPBDX], where BPBI is 1-benzyl-2-phenyl-
benzimidazole and X = Cl, Br, I or SCN, were subjected to a systematic thermogravimetric,
differential thermogravimetry and differential thermal analysis. All the complexes decom-
pose just after melting, and the decomposition process consists essentially of three stages.
The final residue in all cases was found to be CoO. The mass loss data indicate the
formation of intermediate complexes with an approximate composition of [Co(DH),(BPBI)]
at the end of the first stage of decomposition. The kinetic parameters were calculated using
the Coats-Redfern equation. The E, values for the first stage of the decomposition are
seen to decrease in the following order: thiocyanato complex > chloro complex > bromo
complex > iodo complex. The E, and AS values for the second and third stages of
decomposition indicate catalytic activity of the intermediate complexes formed during these
stages.

INTRODUCTION

Cobaloximes are a class of complexes which contain the Co(DH);
moiety (DH is the monoanion of dimethylglyoxime, DH,). They are known
to simulate the reactions of vitamin B,, [1,2] and are useful reagents in
synthetic organic chemistry [3]. They also find use as catalysts for oxidation
reactions involving molecular oxygen. In view of these, several mixed-ligand
cobaloxime complexes have been synthesized and characterized [4-7]. TG
studies have also been done in a few cases [8]. However, thermal decompo-
sition kinetic studies have not yet been reported on any of these complexes.
In this paper the results of our studies on the thermal decomposition
kinetics of some interesting cobaloxime complexes of the type trans-
[Co(DH),(BPBDX], where BPBI is 1-benzyl-2-phenylbenzimidazole and
X =C(l, Br, I or SCN (Fig. 1), are presented.
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EXPERIMENTAL
Materials

The ligand BPBI was prepared according to the procedure given in the
literature [9]. All the other reagents used were Analar grade and were used
without further purification.

Synthesis of the complexes

The complexes were prepared by interacting cobalt(IT) salts with dimeth-
ylglyoxime and BPBI in n-butanol medium according to the procedure
given in the literature [10].

Analytical methods

Magnetic susceptibilities were determined by the Gouy method using
Hg[Co(NCS), ] as the standard. IR spectra of the complexes were taken as
KBr discs in the region 400-4000 cm™! on a Perkin-Elmer PE-983 IR
spectrophotometer.

The thermogravimetric analysis and the differential thermal analysis
were carried out on a Dupont 990 thermal analyser. The analysis was done
under a nitrogen atmosphere at a heating rate of 10°C min~! using a
platinum crucible. In all the experiments 10 mg of the sample was taken.
The evaluation of kinetic parameters (i.e. order n, energy of activation E,,
entropy of activation AS, and pre-exponential factor A) using the Coats—
Redfern equation was based on a computer program which was developed
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Fig. 1. Schematic structure of trans-{Co(DH),(BPBDX].
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for use on a Busybee PC/XT computer (HCL Ltd.), and had been used
earlier for the determination of kinetic parameters [11].

RESULTS AND DISCUSSION
Thermal behaviour

The TG, DTG and DTA curves for all the complexes are shown in Fig.
2. Thermoanalytical data for the complexes are presented in Table 1. The
percentage mass loss and the probable composition of the expelled groups
are also given in this table.

All the complexes have a fairly wide stability range and have almost the
same pattern of thermal decomposition. The DTG curves show three peaks
for all the complexes. All the DTG peaks have their parallel DTA peaks.
The DTA peak corresponding to the first stage is a weak endothermic peak
followed by an exothermic peak. Similar behaviour in nitrogen has been
reported for the first stage thermal decomposition of organo(aquo)cobal-
oxime and organo(pyridine)cobaloxime complexes [8]. The endothermic
peak may be due to the melting of the complexes. Independent studies
revealed that the complexes decompose just after melting.

The mass loss at the first stage of decomposition corresponds to the
expulsion of halogen atom in the case of the halogeno complexes and the
SCN group in the case of the thiocyanato complex. The unexpected
exothermic nature of the decomposition step may be due to subsequent
reactions involving the halogen or thiocyanate radical formed during this
stage. The residue left after the first stage was isolated and analysed. The
intermediate complexes were found to have an approximate composition of
[Co(DH),(BPBI)]. The IR spectra of these complexes show the presence of
DH and BPBI. Furthermore, magnetic susceptibility measurements were
also carried out on these complexes. Their . values around 4.6 BM
indicate that these intermediate complexes are five-coordinate cobalt(Il)
complexes. In all the complexes the first DTG peak is followed by a
medium DTG peak. The mass loss at this stage corresponds to the removal
of a BPBI molecule, except in the case of the iodo complex. For the iodo
complex, the mass loss corresponds to the expulsion of 0.7 BPBI only. The
temperature range for the last stage of decomposition is almost the same
for all the complexes. This might be due to the thermal breakdown of the
common core complex, [Co(DH), ]. For the iodo complex, 0.3 BPBI is also
removed at this stage. In all the cases the residue after the final stage of
decomposition was found to be CoO.

Decomposition kinetics

The kinetic parameters, n, E,, AS and A, calculated using the Coats—
Redfern equation are presented in Table 2. In the present study, the
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TABLE 2

Kinetic data

Substance Stage Order E, AS A

(n) Kmol ™) Wmol 'K (1

[Co(DH),(BPBI)CI] I 0.15 141 —-189 1.216x 103
II 1.99 26 -123 3.948 % 10
111 1.61 112 -192 1.755 %103

[Co(DH),(BPBI)B1] I 1.12 124 —-81 6.139x 108
II 1.34 31 ~255 6.300x 107!
I 1.26 47 —264 3.016x 107!

[Co(DH),(BPBDI] I 1.81 63 -223 2.395x 101
II 1.66 63 -193 9.417x 102
11 1.03 71 —241 5.828 % 10°

[Co(DH),(BPBDSCN] 1 056 159 +35 7.321x10%
11 0.82 76 —-167 2.223x10*
11 0.28 35 —287 2226x1072

parameters £, and AS have been evaluated for similar compounds using
the same equation for nearly the same experimental conditions (same
heating rate, furnace atmosphere, sample mass etc.) and hence can be used
for the comparison of the decomposition processes [12]). However, the
order n does not provide any meaningful information about the mechanism
of complex decomposition [12].

The activation energies for the first stage of the decomposition are seen
to decrease in the following order: thiocyanato complex > chloro complex
> bromo complex > iodo complex. This order is almost the same as that of
the Co-X bond strength, which indicates that in all cases the dissociation
of the Co-X bond takes place during this stage. The stoichiometry of the
intermediate complex formed after the first stage of decomposition (see
Table 2) also indicates this aspect.

Even though the intermediate complexes obtained after the first stage of
decomposition have nearly the same composition, [Co(DH),(BPBI)], the
different kinetic parameters for the second stage of decomposition of the
chloro, bromo, iodo and thiocyanato complexes indicate that the decompo-
sition mechanisms are different for these complexes. This might be due to
the subsequent reactions of the gaseous products and also to slight differ-
ences in stoichiometries of the intermediate complexes involved in these
decomposition steps. Such slight differences in composition and structure
are known to alter the rate in many catalytic reactions [13].

The E, values for the second stage of decomposition are found to be
smaller than those for the first stage in the case of all the complexes,
indicating an increased rate of decomposition during the second stage. This
might be due to the catalytic activity of the intermediate five-coordinate
complex, which, due to its vacant coordination site, can adsorb gaseous
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products and thus facilitate easy decomposition. The E, values for the
third stage also suggest an increased rate of reaction, especially for the
thiocyanato complex. Here also the increased rate may be due to the
catalytically active four-coordinate [Co(DH),] complex formed after the
second stage.

Negative AS values for the first stage of decomposition suggest that the
activated complexes have a more ordered structure than the reactants
which are in the liquid state just before the decomposition. The more
ordered nature may be due to polarization of bonds in the activated state,
which might happen through charge transfer electronic transitions. The AS
values for the second and third stages are found to be more negative,
except for the chloro complex, than those for the first stage, which might be
due to the chemisorption of the gaseous decomposition products by the
intermediate complexes with vacant coordination sites involved in these
respective steps. The five-coordinate complex, [Co(DH),(BPBI)], formed
after the first stage of decomposition and the four-coordinate complex,
[Co(DH), ], formed after the second stage have vacant coordination sites.
In fact, these type of complexes are known to act as catalysts in many
oxidation reactions [14].
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