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Electron transfer from a ligand to a central cobalt(III) in solid state was investigated by follow-
ing the change of the valence state of coblat(III) to cobalt(II). The reaction was carried out in a
vacuum as a function of sample amount, temperature and nature of a ligand and an outer-sphere
cation. The electron-transfer reaction followed the first-order rate law. An outer-sphere cation
had a slight effect on the reaction of the complex ion. The kinetic parameters obtained for potas-
sium ethylenediaminetetraacetatocobaltate(III) (E,=38 kcal/mol, A=1014) differed greatly from
those for potassium propylenediaminetetraacetatocobaltate(III), potassium cyclohexanediamine-
tetraacetatocobaltate(III) and potassium trimethylenediaminetetraacetatocobaltate(III) (E,=
22 kcal/mol, A~108). The kinetic behavior of the pentadentate complex, potassium hydrogen
halogenoethylenediaminetetraacetatocobaltate(III), was compared with that of the hexadentate

complex, potassium ethylenediaminetetraacetatocobaltate(III).

The electron-transfer reactions of cobalt(III)
complexes in solid state were discussed in detail
by Tanaka et al.) They proposed that the values
of the activation energies increased in parallel with
the increase of the ligand field.

However, it is considered that the electron-
transfer reaction depends on the structure of the
ligand in addition to the electronic state of the
complex ion.

In the present study, a series of diaminotetra-
acetatocobaltate(III) complexes whose electronic
spectra are almost the same but structure different
were adopted, and their structural effects on the
electron-transfer reaction were discussed.

Experimental

Materials. Potassium ethylenediaminetetraacetato-
cobaltate(III) dihydrate, K[Coedta]2H,0,? potassium
propylenediaminetetraacetatocobaltate(III) dihydrate,
K[Copdta]2H,0, potassium cyclohexanediaminetetra-
acetatocobaltate(I1I) trihydrate, K[Cocydta]3H,O,%
potassium trimethylenediaminetetraacetatocobaltate-
(III) dihydrate, K[Cotrdta]2H,O,® potassium hydrogen
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Fig. 1. Schematic diagram of apparatus: (A) bath,
(B) silicone oil, (C) reaction tube, (D) cock, (E)
crucible and (F) sample.

chloroethylenediaminetetraacetatocobaltate(III) mono-
hydrate, K[CoCledtaH]H,O®, and potassium hydro-
gen bromoethylenediaminetetraacetatocobaltate(III)
dihydrate, K[CoBredtaH]2H,0,” were prepared ac-
cording to the methods given in literature.

Apparatus and Procedure. Figure 1 shows the
apparatus used for the thermal treatment. Samples
which were smaller than 100 mesh in size weighed 2 to
4 mg in each kinetic measurement and the temperature
of the sample was controlled in a range of +0.3°C by
means of a silicone oil bath. The system was continu-

5) N. Tanaka and H. Ogino, This Bulletin, 37,
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6) M. Mori, M. Shibata, E. Kyuno and H. Naka-
jima, ibid., 29, 887 (1956).
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ously evacuated by a rotary pump during the reaction.
Every one hour, the heated sample was taken out of the
reaction tube and dissolved in a 25 m! deaerated solution
containing 0.5 M potassium chloride. A Yanagimoto
PR-2 pen-recording polarograph was used for the deter-
mination of cobalt(III) content in the solution.

Results and Discussion

The decomposition processes of diaminotetra-
acetatocobaltate(III) complexes were investigated
by thermogravimetric analysis, gas evolution analy-
sis and polarographic analysis. For example,
the process for potassium ethylenediaminetetra-
acetatocobaltate(IIT) in a vacuum is given by
the equations

dehydration
——> K[Col!l edta] +2 H,O
50°C

1)
electron transfer
- K[Coll(edta’)] @
~170°C

K[Co!!I edta]2 H,O

K[Co!l edta]

decarbonation

K[Co!! (edta')] —————
Products containing cobalt(II) + CO, 3)

where edta’ represents the edta radical which was
formed by the electron transfer from an edta to a
central cobalt(III). The rate of reaction (2) was
followed by the measurement of the change of the
valence state of cobalt(III) to cobalt(II).

The Order of the Electron-transfer Re-
action. The measurements which were carried
out with various initial amounts of the sample
confirmed, as shown in Fig. 2, the relation given
by the equation

— dNJdt = kN )

where N represents the number of cobalt(III) ions
in the heated sample and £ the rate constant. Equa-
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Fig. 2. Determination of cobalt(III) content for

Na[Coedta] (@) before and (O) after heating
at 172°C for 5 hr.
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tion (4) is modified to

2.303 log x = —kt 5)
where x is the mole fraction of cobalt(III) in the
sample. A plot of log x versus time was made for
each complex and nearly straight lines were ob-
tained. The plots for K[Cocydta] are shown in
Fig. 3 as an example.

log x
Z

0 100 200 300
Time, min

Fig. 3. Plots of log x versus time for K[Cocydta]
at various temperatures: (1) 190, (2) 192, (3) 196,
(4) 200, (5) 203 and (6) 204°C.

From these results, it is confirmed that the electron-
transfer reaction follows the first-order rate law.

Effects of Outer-sphere Cations on the
Electron-transfer Reaction. The kinetic param-
eters of ammonium, sodium and potassium salts
of ethylenediaminetetraacetatocobaltate(III) are
given in Table 1. The temperatures at which the
rate constants are equal to 1 X 10~ sec™! are almost
the same among these complexes, but the activation
energies (E,) and frequency factors (4) are slightly
different. Therefore, a precise comparison of the
kinetic behavior of the complex ion should be made
among the complexes containing the same outer-
sphere ion.

TABLE 1. EFFECTS OF OUTER-SPHERE CATION ON
THE ELECTRON-TRANSFER REACTION
oF EDTA coMmPLEX

Temp., °C E
Complex ;|5 ]10-5scc-1) kecal/mol 4
NH,[Coedta] 171 43 101
Na[Coedta] 170 41 101
K[Coedta] 171 38 101
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Kinetic Studies of K[Coedta], K[Copdtal],
K[Cocydta] and K[Cotrdta]. The first-order
rate constants for potassium salts of ethylenedi-
aminetetraacetatocobaltate(III) and its related
complexes were determined from the plots of log x
versus time. The order of the temperatures at
which the rate constant is equal to 1x 1075 sec™!
is as follows:

K[Coedta] < K[Cotrdta] < K[Cocydta] < K[Copdta]

This suggests that the rate depends considerably
on the nature of the ligand. The activation ener-
gies and frequency factors were obtained from the
temperature dependence of the rate. The kinetic
parameters obtained are given in Table 2. It
is noticed that the kinetic parameters of EDTA
complex are considerably higher than those of
PDTA, CyDTA and TRDTA complexes, which
are almost the same.

TaBLE 2. KINETIC PARAMETERS OF THE ELECTRON-
TRANSFER REACTION FOR VARIOUs cOBALT(III)
COMPLEXES IN SOLID STATE

Temp., °C E
Complex (k=1 x 10-5sec-?) kcal/(;nol 4
K[Coedta] 171 38 10t
K[Copdta] 199 22 10°
K[Cocydta] 194 24 106
K[Cotrdta] 187 23 10°

According to a previous paper,) the activation
energies of the electron-transfer reaction of cobalt-
(ITI) complexes are somewhat lower than the
energies of the A band of their absorption spectra
and the frequency factors are smaller than the
normal values for a first-order reaction, 10'3. From
this conclusion, the values expected for EDTA,
PDTA, CyDTA and TRDTA complexes are E,=
20 to 25 kcal/mol and A=105 to 108.

Electron transfer from a ligand to a central
cobalt(III) will occur after reorganization of the
structure of the cobalt complex in the formation
of the transition state. Such a rearrangement in
the complex containing polydentate ligand will be
caused by increasing the bond distance and by
varying the direction of the coordinated atom.
The latter will be caused by the twist of the chelate
ring as observed in racemization. From the
steric relationship, the twist is easy for the EDTA
complex but difficult for the other three. The

8) H. Ogino, M. Takahashi and N. Tanaka,
presented at the 18th Symposium on Coordination
LChemistry, Kyoto, Japan, October, 1968.
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difficulty of the twist for the PDTA complex
results from the repulsion between methyl hydrogen
atoms and methylene hydrogen atoms. The
twist of the chelate ring in the CyDTA complex is
impossible since the chelate ring involving two
nitrogen atoms is fixed by a cyclohexane ring. In
the TRDTA complex, the six-membered chelate
ring is formed in contrast with the EDTA, PDTA
and CyDTA complexes. The difficulty of the
twist for the TRDTA complex has been reported
by Ogino ¢t al.® It is supposed that the activation
energy and the frequency factor of the electron-
transfer reaction are higher for the twist mechanism
than for the mechanism by which the chelate ring
is fixed. Therefore, the difference between kinetic
parameters obtained for the EDTA complex and
those for the other three may be due to whether
the twist of the chelate ring is possible or not.
Kinetic Studies of Potassium Hydrogen
Halogenoethylenediaminetetraacetatocobal-
tate(II). The kinetic parameters of the pentaden-
tate complex, K[CoCledtaH] and K[CoBredtaH],
are given in Table 3. The order of the tem-

TaBLE 3. KINETIC PARAMETERS OF THE
PENTADENTATE COBALT(III) COMPLEXES

Temp., °C E
Complex ¢z _ 15 10-5sec-1) kealfmol 4
K[CoCledtaH] 158 33 101
K[CoBredtaH] 144 28 101

peratures at which the rate constant is equal
to 1x10-%sec™ was as follows:

K[CoBredtaH] < K[CoCledtaH] < K[Coedta]

This order suggests that the rate of the electron-
transfer reaction was increased by substituting a
halide ion for a carboxyl group. Also, the acti-
vation energies were decreased in the order

K[Coedta] > K[CoCledtaH] > K[CoBredtaH].

These facts may be explained by the following:

i) The chelate ring of the pentadentate complex
will twist more easily than that of the hexadentate
complex.

iil) The energies of ligand field splitting and
charge transfer from ligand to metal are lower in
the order K[Coedta] >K[CoCledtaH]>K[CoBr-
edtaH].
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