March, 1965] SHORT COMMUNICATIONS

The Radiolysis of Cobaltammine Complexes

By Nobufusa SaiTo and Takeshi ToMINAGA

(Received December 12, 1964)

It has been found that the recoil and
subsequent reactions in cobaltammine com-
plexes irradiated with thermal neutrons are
greatly influenced by such chemical factors as
the chemical composition and stability as
ligand of the outer anion.” Although a sys-
tematic study of the stability with regard to
the ionizing radiations of these complex is
also needed for the purpose of elucidating the
intricate mechanism of such reactions, very
few investigations have so far been made of
the radiolysis of cobalt complexes in the solid
state.?®> Therefore, the present authors have
studied the radiolysis of the 23 kinds of
crystalline cobaltammine complexes listed in
Table 1.

The cobaltammine complexes were irradiated
with Co-60 gamma rays at an ambient tem-
perature and at a dose rate of about 1.6x10°
r./hr., up to a total dose of about 2x10%r., in
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COMPLEXES

Complex
[Co(NHs)elFs
[Co(NHj3)e] (NOs)s
[Co(NHj)e] (NO2)s
[Co(NH3)61Cls
[CO(NHg)g]Bra
[Co(NHj3)ells
[Co(NHj3)sNO:] (NOs):
[Co(NHj3)sNO:] (NO;):
[Co(NH;)sNO:1Cl;
[Co(NH3)sNO:]Br:
CfS-[CO(NHg).(NOz)ﬂNOs
trans-[Co(NH;3) 4(NOgz) 2] NO;
cis-[Co(INH;3) 4 (NOg):]Cl
trans-[Co(NHj3) 4 (NO;)1Cl1
[Co(NH3)3(NO:)s]
NH[Co(NH3)2(NO:) 4]
[Co(NH3)sNO;]Brs
[CO(NHa)sF]Brz
[CO(NHa) 5CUBI’2
[CO(NHs) 5BI]BI’2
[Co(NH;)sI1Br:
[Co(NHj3)sC1]1Cl:
[CO(NH:;) 5BI‘]C]2

505

G(Co®*) VALUES OF COBALTAMMINE

G(Co**)
3.65+0.30
2.73+0.40
1.52+0.22
0.82+0.02
0.32+0.06
0.21+0.07
1.39+0.17
0.93+0.12
0.48+0.02
0.164+0.04
0.59+0.07
0.22+0.03
0.30+0.04
0.30+0.03
0.37+0.05
0.26+0.04
0.48+0.04
1.28+0.10
0.65+0.04
2.43+0.18
4.05+0.30
2.13+0.08
3.05+0.25
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the presence of air. After irradiation, each
complex was dissolved in water, and the cobalt-
(II) present in the solution was determined
spectrophotometrically, by means of solvent

extraction into chloroform, as p-nitroso-a-
naphtholato-complex. The G(Co?*) values
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Fig. 1. The G(Co**) value of nitroammine
complexes.
-@- Nitrates ; -O~ Nitrites ;
-[]- Chlorides ; -Jll- Bromides
(Numbers in Figs. 1 and 2 correspond to
those in Table-1.)
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Frequency of the maximum in the first
absorption band (103 sec—1)
Fig. 2. The G(Co®*)
complexes.
-@- [Co(NH;)sX]Br: 3
"O‘ {CO(NHa)sX]C]g‘s

value of pentammine
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obtained are shown in Table I. For con-
venience of comparison, the G(Co®*) values
of nitroamminecobalt complexes are plotted
against the number of NO; groups contained
in ligands of a complex in Fig. 1, while the
G (Co?*) values of pentamminecobalt complexes
are plotted against the frequency of the
maximum in the first absorption band in Fig.
2.

The following conclusions may be drawn
from the experimental results:

1) For a series of nitroammine complexes
which contain the same outer anion (those
plotted on the curves in Fig. 1), the G(Co**)
value decreases with the increase in the number
of NO; groups in the ligands. Hence, it may
be tentatively assumed that the stability of
nitroammine complexes towards gamma irradia-
tion increases with the increase in the thermo-
dynamic stability of these complexes.’

2) For a series of pentammine complexes
containing the same outer anion and a dif-
ferent acidic ligand, X ([Co(NH3)sX]Br;.; and
([Co(NH;);:XICl:,5), the G(Co**) wvalue de-
creases with the increase in the stability in
the spectrochemical series.

3) In a group of salts composed of the same
complex cation and a different outer anion,
the G(Co®*) value is greatly affected by the
kind of outer anion. For hexammine complex
salts, the G(Co?*) value increases with the
variation in the outer anion in the order: 1<
Br<CI<NO;<NO3;<F. For nitropentammine
and other complex salts, the G(Co**) value
increases in a similar order.
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