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Kinetics of the thermal decomposition reactiom of hexammine-, halogenoammine- and oxalato-

amminecobalt (Ⅲ) complexes in solid state has been studied by following the change in the

cobalt (Ⅲ) contents with time. It was found that the decomposition of these complexes was

initiated by the change of the valence state of cobalt (Ⅲ) to cobalt (Ⅱ), and that these electron-

transfer reactions were kinetically of a first order. The first-order rate constants, the activation

energies and the frequency factors of these electron-transfer reactions were obtained. The values of

the activation energies were found to increase in parallel with the increase in the difference between

t2g and eg orbitals of the cobalt (Ⅲ) complexes investigated. (The notations, t2g and eg, are

us ed in the expression of an Oh-symmetry approximation for halogenoa舳e-and oxalato-

amminecobalt (Ⅲ) complexes.)

It has been reported that the thermal decomposi-

tion of cobalt (Ⅲ) complexes in solid state is caused

by the change of the valence state of cobalt (Ⅲ) to

cobalt (Ⅱ); Tanaka and his co-workers1-5) proposed

that the decomposition of cobalt (Ⅲ) and iron (Ⅲ)

complexes was initiated by an electron transfer from

aligand or an outer-sphere anion to the central

metal (Ⅲ) cadon. Wendlandt et al.6-8) also found

the change of the valence state on the thermal

decomposition of cobalt (Ⅲ) and manganese (Ⅲ)

complexes.

In order to proceed a general consideration of the

electron-transfer reactions on the thermal decom-

position of cobalt (Ⅲ) complexes, the present authors

have undertaken the determination of the rates of

these reactions. The activation energies and fre-

quency factors were calculated from the first-order

rate constants using the Arrhenius equation, and the

mechanisms of the electron-transfer reactions were

discussed.

Experimental

The apparatus and the procedure are described in a

previous paper.3) [Co(NH3)6]X3(X=Cl, Br, Ⅰ), [Co(en)3]-

Cl3・3H2O, [CoX(NH3)5]Y2(X, Y=Cl, Br), tsars-[GoCl2-

(NH3)4]Cl・H2O, [Co(ox)(NH3)4]Cl, K[Co(ox)2(NH3)2]・

H2O and M3[Co(ox)3]・3H2O (M=Na, K) were prepared

according to the methods given in the literature (see

Refs. 3 and 4).

Results

The preliminary measurements carried out with

varied initial amounts of the samples had confirmed

the relation given by the equation,

(1)

where N represents the number of cobalt (Ⅲ) ions in

the sample and κ the first-order rate constant. Fig-

ure 1 shows the dependence of the reaction rate on
the initial amount of the sample, indicating that the
reaction follows the first-order rate law.

For the convenience of the treatment, Eq. (1) was
modified to

(2)

where x is the mole fraction of cobalt (Ⅱ) in the

sample. A plot of log (1-x) versus time was made

for each complex at various temperatures, and nearly
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TABLE 1. KINETIC PARAMETERS FOR COBALT (Ⅲ) COMPLEXES

Fig.1. Reaction rate as a function of the initial

amounts of the sample ([Co(Ⅲ)]0) obtained

with K3[Co(ox)3]・3H2O at 87℃.

straight lines were obtained. The plots for K3[Co-

(ox)3]・3H2O are shown in Fig. 2 as an example. In

the case of [CoCl(NH3)5]Br2, [CoBr(NH3)5]Cl2,

[CoBr(NH3)5]Br2 and [Co(ox)(NH3)4]Cl, the rate
was considerably accelerated as the reaction took
place and the plots showed a tendency of departing
from the straight lines.

The first-order rate constants were determined
from the plots of log(1-x) versus t at various tem-
peratures, from which the activation energies and
frequency factors were calculated. The kinetic
parameters obtained are given in Table 1.

Discussion

The observed activation energies increase in paral-
lel with the increase in the difference of eg and t2g

Fig.2. Relation of log(1-x) versus time for

K3[Co(ox)3]・3H2O at (1)66, (2)71, (3)76, (4)

81 and (5) 87℃.

levels, though they are somewhat lower than the

transition energies of the A band of the absorption

spectra of cobalt (Ⅲ) complexes. This relation is

shown in Fig.3*1; the energies of the A bands are

taken from the literatures.9,10)

The cobalt (Ⅲ) complexes investigated in this

study have a singlet ground state and a triplet lowest

excited  state. Their symmetry notations are

1A
1g and 3T1g, respectively, in the expression of an

Oh-symmetry approximation. The potential energy

curves of the ground state of the cobalt (Ⅲ) com-

plexes and the lowest triplet state may be repre-
sented schematically with curves 1 and 2 in Fig. 4,

respectively. The energy state given by curve 2 may

*1 Figure 1 in Ref . 5 should be replaced by this figure,
in which the values of ΔE(3T1g-1A1g) were recalculated.

9) M. Linhazd and M. Weigel, Z. Physik. Chem., N. F.,

11, 308 (1957).

10) J. Fujita and Y. Shimura, This Bulletin, 36, 1281

(1963).
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Fig.3. Relation of the activation energies (Ea)

versus the energy of the A band (ΔE) for

(1) [Co(NH3)6]Ch, (2) [Co(NH3)6]Br3,

(3) [℃o(NH3)6]I3, (4) [Co(en)3]Cl3・3H2O,

(5) [CoCl(NH3)5]Cl2, (6) [CoCl(NH3)5]Br2,

(7) [CoBr(NH3)5]Cl2, (8) [CoBr(NH3)5]Br2,

( 9) [Co(ox)(NH3)4]Cl, (10)K[Co(ox)2(NH3)2]・H2O,

(11) Na3[Co(ox)3]・3H2O and

(12) K3[Co(ox)3]・3H2O.

Fig. 4. Schematic potential energy diagram of
cobalt complexes.

mainly consist of electron configurations Tt and T2

which are shown in Fig. 5. *2 The latter is the

charge-transfer configuration in the sense that it is

Fig.5. Electron configurations of the triplet states
of cobalt complexes.

brought about by an electron transfer from a ligand
or an outer-sphere anion (X-) to the central metal
cation. The potential energy curves of Tt and T2
are also schematically shown in Fig. 4. *8 Curve 2
can be obtained as the result of the configuration
interaction between T1 and T2.

At or near the point which corresponds to the
equilibrium position of the reaction coordinate, Tt is
more stable than T2, and therefore Tt is the most
important configuration in the lowest triplet state.
With the increasing distance in the reaction co-
ordinate, however, T2 gradually approaches T1, and
they cross each other at point b. At more distant

points, T2 contributes to the lowest triplet state to a

*2 Besides these two configurations
, T3 configuration

which is given in Fig. 5 may contribute to the lowest
triplet state. Its energy, however, is undoubtedly higher
than that of T2 and the contribution of T3 to the lowest
triplet state may conceivably be small. Therefore, it may
safely be disregarded in the qualitative consideration
made in the present paper.

*3 T
1 is stabilized by electrostatic interaction with de-

creasing distances between X-and Co3+. On the other

hand, we can not expect the large electrostatic attraction

in T2 where X-approaches Co2+.
*4 It is difficult to discuss this point quantitatively

,b
ecause the electron affinity of the central metal cation is

very sensitive to its effective charge; namely 35.03eV

for Co3+, 18.29 for Co2+ and 5.44 for Co+. Let us now

take as an example the case where X- is an outer-sphere

chloride anion. The energy difference between T2 and

T1 in the infinite separation may be represented by ET2
-ET
1=Ix--ACoδ++Δ, where IX- and ACoδ+ are

the ionization potential of X- and the electron affinity

of Coδ+, respectively, and Δ is the change in the electro-

static interaction energy between the central metal ion

and ligands caused by the electron transfer. The value

of Δ is also largely dependent on the δ value, because the

positive charge on a ligand molecule, say NH3, increases
with the decreasing δ value.

In the case of δ=1, Δ may be negative, because the

electrostatic repulsion between Coδ+ and ligands with

positive charge disappears,or at least decreases to a great
extent, as the result of the electron transfer. IX--ACoδ+

is also negative for δ=1, since Ix-=3.70eV and ACo+=

5.44eV. Thcrefore, ET2-ET1 turns out to have a nega-

tive sign and T2 may be expected to be more stable than

T1 in the infinite separation. The above conclusion may

conceivably be satisfied for the other δ values than 1.
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greater extent than T1. This may be inferred from
the fact that, in the infinite separation between X-
and Co3+, T2 may conceivably be more stable than
Tl. *4 From a similar reason, T2 or curve 2 crosses
curve 1 at point c in the reaction coordinate, as is
shown in Fig. 4.

According to the potential energy curves shown in
Fig. 4, the electron-transfer process leading to the
decomposition of the complexes seems to occur pass-
ing through point c as is indicated by arrows given
in Fig. 4. In other words, the transfer of the system
from curve 1 to curve 2 occurs at point c being ac-
companied by the change in multiplicity and the
electron transfer from a ligand or an outer-sphere

anion to Co3+.

In view of the different multiplicity in curves 1 and

2, the probability of the transfer will be small, and

consequently the reaction will have a small trans-

mission coefficient, which in turn will give a small

value of the frequency factor. The observed fre-

quency factors given in Table 1 support this con-
sideration. The reactions which are kinetically of

a first order have in usual the frequency factor of

about 1013.
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