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plexes. VIV. Tetracyanocobaltate(III)
Complex®
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In the earlier papers®® it was reported that
the pentacyanocobaltate(III) complexes are all
reduced in one or two steps to cobalt(I)
complexes at the dropping mercury electrode
(DME)*.

A similar polarographic behaviour was found
in the case of tetracyanocobaltate (1IT) complex,
Na;s [Co(CN).(80s),] ©.

Namely, disulphono-tetracyanocobaltate (IIT)
ion™ gave a well-defined wave of one step at
the DME in 0.5 F sodium sulphite supporting
electrolyte (Fig. 1). The current is controlled
only by diffusion. The diffusion current and
the concentration of the depolarizer are
linearly related in the concentration range
from 5x10-* to 10-2F.

The wave, corresponding to an acceptance of
two electrons, represents the reduction to a
univalent cobalt complex, whose formula is
presumed analogously in the cases of cyano-
cobalt(I) complexes*®% to be the same as
that of the oxidized form. Hence, the process
of the electrode reaction is considered as
follows :

[CoI(CN)4(80s)215~ +2e~
— [Col(CN).(803):]7-

The above electrode process belongs to the
quasi-reversible reaction polarographically. For
further detail on this point, an oscillograph-
polarographic study will be reported later.

The mechanism of the electron transfer and
the change of the electronic configuration for
the above reaction are explained by the atomic
orbital method!?> as follows.
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Fig. 1. Polarograms of sulphono- and sulphito-cobalt(III) complexes obtained at the concent-

ration of 0.001 F complex ion in sodium sulphite supporting electrolyte (25°C).

Each the

height of the waves is seen to be proportional to the electron numbers of reduction process.

a) Nas[Co(CN).(50s):]
Supporting salt: 0.5F Na.SO;
Sensitivity : 0.04 zA/mm., Damping: 100, from —1.0 V. vs. S. C. E.
Eyp=—1.36 V.
b) K{[CO(CN);SOs]'ZHeO
Supporting salt 1F Na,SO;
Sensitivity : 0.04 #A/mm., Damping: 200, from —~1.5 V. vs. S. C. E.
E|/2='—l.54
c¢) [Co(NHj3)sS0;]Cl
Supporting salt : 1F Na;SO;
Sensitivity : 0.04 #A/mm, Damping: 100, from —0.30V. vs. S. C. E.
E;z (1st wave)=—0.74 V., E;;» (2nd wave)=-—1.30 V.
Voltage unit: vs. the saturated calomel electrode (S. C. E.), 100 mV./absc.

The acceptance of the electrons occurs in_two
stages.

d:did[DSPY] — > didd:[DSPe]d!
> dd*d:d'[DSP%][PD]
———> d:d*d:d*[DSPY] [PD]

First, the electron is accepted into the 4d
peripheral orbitals temporarily, where it is
held loosely, since the 3d atomic orbitals of
Co(III) are fully occupied. After that the
consecutive change of the electronic configura-
tion and the placement of the electron in the
stable 3d orbitals occur gradually. Thus, the
electronic configuration of cobalt(I) complex
is considered to consist of a coplanar structure
through 3d4s4p® hybrid orbital and a linear
structure through 4p4d hybrid orbital separately,
so the resulting cobalt(I) ion, [Col'(CN),-
(S05):]7~, may probably have a trans-configu-
ration rather than that of cis-one.
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