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Transient and Ground-State Absorptions of [Bis
(sahcylaldehyde) -0- phenylenedummato] cobalt (II) in
Methanol
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Introduction

The reversible coordination of molecular oxygen to cobalt (Il ) Schiff base complexes has
been intensively studied from interests relevant to biological oxygenations.1D) It has been pointed
out that solvents play an important role in the reactions. In the solid states oxygen adducts of
these planar Co (m) comblexes were reported to have an electron donating solvent molecule at
an opposite side of molecular oxygen.2) In solutions the structures of the coordinated oxygen
molecule have been investigatec\l by means of electron spin resonance but little were discussed
coordination structures of solvent molecules. Recently, with respect to one of such complexes,
[Bis (salicylaldehyde)-o-phenylenediiminato] cobalt (II) ([Co (saloph)]), we have observed
the photo-induced transient absorptions in N,N’-dimethylformamide (DMF) 3 and in
dichloromethane?) and attributed them to short-lived solvated complexes. In the present paper
we study spectroscopic properties of the methanol solution of [Co (saloph)] and compared them
with those observed in DMF and dichloromethane.

Results and Discussions

[Co (saloph)] was sythesized and stored under nitrogen. Methanol used is of luminescent
grade. The concentrations of the sample solutions are about 10™* mol dm 3. The experimental
method was described in references 3 and 4.

In the previous paper,3) we reported a slow time-dependence of the ground-state absorption
of [Co (saloph)] in DMF and assigned it to an axial solvation of a DMF molecule to the cobalt
(1) ion of the planar complex. For the related Co (1) Schiff base complexes, slow oxidative
reactions of Co (II) to Co (Il) were frequently observed but such a slow solvation was not re-
ported before. In order to support our discussion about the axial solvation, we measured the

ground-state absorptions of [Co (saloph)] in methanol. In alcohols the oxidations of Co (II) to



Co (]]I) were repoted to produce the corresponding alcoholatocobalt (IIf) complexes.5)

Figutes 1, 2 and 3 show the time dependence of the absorption spectra in methanol after ox-
ygen bubbling for 30 min, of air-saturated condition and after nitrogen bubbling for 30 min, re-
spectively. In methanol bubbled by oxygen the absorbance increases its intensity with time in
the region of 300-530 nm and the peak at 380 nm becomes obscure. The final spectrum resem-
bles the spectra of the Co (Ill) complexes such as [Co (saloph) (py)2] I and [Co (satoph) (py)
(CH2C6HsCN) ] which show only shoulders near 400 nm superposed on strong tails of shorter--
wavelength bands.6) ;

- With respect to the three methanol solutions, the formation rate constants of the spectrosco-
pic equilibria were determined on the basis of the absorbances af 480 nm as 5.6x10_4,‘1.7x
10™* and 1.4x10 "%~ !. The rate constants increased with oxygen concentration. On these
basis the reaction observed in oxygen-bubbled methanol can be assighed to an oxidation of [Co
(saloph)].

In methanol bubbled by nitrogen two equilibria were observed. The first one with three isos-
besticpoints resembles that observed in DMF and may correspond to an axial solvation to the
Co (II') complex. The succeeding slow change is mainly an intensity decrease of the band at
380 nm. The spectral change of the air-saturated methanol solution is an intermediate of Figs.
1 and 3.
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Fig. 1. Time dependence of the absorption spectrum of [Co (saloph)] in oxygen-bubbled methanol by
ten minutes. The dashed line shows the final spectrum.
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Fig. 2. Time dependence of the absorption spectrum of v[Co (saloph)] in air-saturated methanol by ten
minutes. The dashed line shows the final spectrum.
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Fig. 3. Time dependence of the absorption spectrum of [Co (saloph)] in nitrogen-bubbled methanol by
ten minutes. The dashed line shows the final spectrum. :



Table 1 Rate Constants of Formation of Equilibrium

solvent Nz-bubbled air-saturated 02-bubbled
DMF 6.7x107 47! 4.2x107 47! 6.7x10 4!
‘methanol o l4x107t 1.7%107* 5.6x107*

In the DMF solutions of [Co (saloph)], the change of the spectral pattern Waé not influenced
by oxygen bubbling.3) The formation constants of the equilibria in DMF were summarized in
Table 1. The rate constant is the smallest in the air-saturated DMF and has the éame value in
DMF bubbled by oxygen or nitrogen. A plausible interpretation is that the reactions observed
in the three DMF solutions are same and that a traée of volatile impurities such as formic acid?)
catalyzes the reaction. The characteristics of the time dependence in DMF are quite different
from those in methanol, so that a possibility of the oxidative reaction in the DMF solutions can

be denied.
Since the oxidative products of the Co (Il ) complexes with Schiff base ligands analogous to
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Fig. 4. The difference spectrum of the transient absorption of [Co (saloph)] in nitrogen-bubbled metha-

nol.
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saloph were precipitated by bubbling of oxygen through the suspensions in methanol ,5) the
same procedure was applied to [Co (saloph)]. Being different from the results in reference 5,
no clear solution was formed by oxygen bubbling for 3 hours. After an evaporation of metha-
nol, a filtration and an addition of water to the solution, no precipitation was found.

The difference spectrum (A OD) of the transient absorptions of [Co (saloph)] in methanol
was observed and shown in Fig. 4. The lifetime was longer than 10 #s. Oxygen bubbling gave
little influence on the absorption spectrum and the lifetime. The spectrum resembles that
observed in dichloromethane 4) but the intensity is about half of its intensity. It is concluded
that also in methanol a photo-induced solvation at phenolic oxygen atoms of [Co (saloph)] is

considered to occur.

References
1) E. C. Niederhoffer, J. H. Timmons and A. E. Martell, Chem. Rev., 84, 137 (1984).
2) M. Calligaris, G. Nardin, L. Randaccio and A. Ripamonti, J. Chem. Soc. (A), 1970, 1069 (1970)

3) Y. Ohashi, Bulletin of Bunkyo University, 23, 83 (1989).

4) Y. Ohashi, Chem. Lett., 1990, 88 (1990).

5) A. Nishinaga, T. Kondo and T. Matsuura, Chem. Lett., 1985, 905 (1985).

6) L. G. Marzilli, P. A. Marzilli and J. Halpern, J. Amer. Chem. Soc., 93, 1374 (1971).
7)) P. Kanatharan and M. S. Spritzer, Anal. Chem., 6, 421 (1973). '

— 100 —



