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The electronic configuration of transition metal 
ions supported 11 on various oxides has particular 
interest in view of explaining the catalytic properties 
frequently associated to these systems. Interaction 
between the transition metal ions and the oxide sur- 
face is in general difficult to investigate, because of 
the different geometrical sites available to the metal. 

The cobalt ion which will be here considered is 
strongly coordinated by the phthalocyaninato tetra- 
dentate ligand, in a planar coordination geometry 
[ 11. The supporting process on 7-AlZ03 [2] does not 
involve dramatic changes in this geometry, as the 
supported product, not the supporting material 
decides the stronger field around the metal. On the 
other hand a detailed analysis by diffuse reflectance 
spectra shows that relevant electronic perturbations 
derive to [Co(pc)] molecule from interaction with 
y-AlZ03. 

By impregnation of y-A1203 (Ketjen grade A, 
10 g) with a [Co(pc)] solution in n-butylamine (30 
mg in 50 ml) and after solvent removal at room tem- 
perature, the monoadduct [(n-butylamine)phthalo- 
cyaninatocobalt(II)] ([Co(pc)(n-but)]) has been sup- 
ported on y-A1203. The nature of this product was 
confirmed by the diffuse reflectance spectrum, which 
is very similar to that of pure [Co(pc)(n-but)] ob- 
tained by concentrating a [Co@)] solution in 
n-butylamine. The sharp absorption band in the near 
infrared region (Fig. 1) is peculiar of the mono and 
bis adducts of [Co(pc)] and it was assigned to the 
dXz+ + dZz electronic transition [3]. In the case of 
the supported system y-ALO [Co(pc)(n-but)] , the 
energy of this transition reflects the interaction of 
[Co(pc)(n-but)] with the support through a shift to 
higher frequency with respect to unsupported 
[Co(pc)(n-but)] . Moreover the intensity of this band 
greatly increases by supporting, and it depends on the 
thermal pretreatment of y-AllO (Fig. 2). 

The support was pretreated at temperatures from 
200 to 700 OC for 5 h, in Nz fluidizing stream, before 
imbibition. The intensity trend of the band at 12.4 
kK shows that interaction between [Co@)] and 
y-AlZ03 is a function of the hydration degree of the 
surface, while the shift of energy suggests that an 
electron transfer from the filled dXl_y2 cobalt orbital 
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Fig. 1. Diffuse reflectance electronic spectra of ............ [Co- 
(pc)(n-but)], ooooo ‘y-A1,03* [Co(pc)(n-but)], __ 7-Al2Os- 
[CO(Pdl, - . - . - P[CO(Pdl . 

to the empty p orbitals of A13+ could be responsible 
for the increased energy difference between dx2_-y2 
and dZ2 orbitals. It can be observed that electronic 
changes of this kind were observed in the energy of d 
levels of some oxygen carrier cobalt complexes, 
whence their activity towards oxygen was partly 
derived [l] . The higher intensity of the dx2--y 2 + dZ2 
transition in the supported [Co(pc)(n-but)] , with 
respect to [Co(pc)(n-but)] is hardly explainable 
owing to the mixed nature of the band. 

The perturbation of y-Al203 on [Co(pc)] mole- 
cule is clear also in the absence of n-butylamine. 
On drying 7-A1203’ [Co(pc)(n-but)] at 200 “C in 
N2 fluidizing stream for 12 h, the band at 12.4 kK 
disappears, in agreement with the loss of n-butyl- 
amine from the unsupported monoadduct between 
85 and 135 Y. [Co@)] lies on 7-Al?& in small 
amount (0.03-0.04 g/l00 g), and the near infrared 
bands of the complex have too low intensity to be 
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Fig. 2. Diffuse reflectance variations of ^/-A1203* [Co(pc)- 

(n-but)] for various activation pretreatments of ‘y-A1203. 

observed in these conditions [3a]. However, in the 
visible region, the phthalocyanine absorption band 
[5] 7r(alU) + .*(e,) shows changes in energy and in 
the fine structure associated to the supporting of 

[Co(pc)]. The energy increase with respect to ~1 or 
p[Co(pc)] and the relative intensity of the two 
vibrational components become also very different 
(Fig. 1). It can be suggested that the shift of fre- 
quency depends on better back donation d,(e,) + 
n*(e,J, due to the increased weight of the e4b:a, 
configuration in the ground state. The axial interac- 
tion between Co’+ and O*- surface anions of the 
support and/or an interaction between the filled 
d,Je,J of Co’+ and the empty p orbitals of A13+ 
should provide this change. 

The increase in intensity of the forbidden vibra- 
tional component (that at lower frequency) of the 
electronic n(arJ + n*(e.& transition shows that the 
Deb symmetry of the phthalocyaninato has been 
removed by supporting. This effect very probably 
derives from the asymmetric interaction of the 
nitrogens of the phthalocyaninato and the surface 
centres of y-A120a (A13+, Lewis interaction; OH-, 
Broensted interaction). 

The properties reported in this paper suggest that 
the diffuse reflectance analysis is sensitive to the 
electronic changes of the supported metal complexes 
and that, by this method, the electronic investigation 
can be performed directly on the catalytic system. 
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