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Roles of Axial Ligands on Intercalation of Cationic Metalloporphyrin into Smectite Clay Layers
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Adsorption and intercalation of +1 charged cationic dihy-
droxo(tetraphenylporphyrinato)antimony(V) bromide (1a) into
an artificially synthesized smectite clay was studied. The red shift
of Soret band of 1a was observed in an aqueous clay suspension
owing to the adsorption onto the clay. Analyses of X-ray
diffraction of the obtained complex between la and the clay
indicate the intercalation of 1a into the clay interlayer. Hydroxo
group as an axial ligand led to the effective intercalation of 1a into
the clay.

Multilayered inorganic materials such as clays have been
extensively studied from the viewpoints of two dimonsional
reaction site for chemical reaction.! The adsorption and inter-
calation behaviors in interlayer surface have been investigated by
photochemical method using a variety of dyes as guest
molecules.> Especially, porphyrin and metalloporphyrin dyes
are of interest because of their photochemical activity as well as
their biochemical and catalytic functionality. Therefore, several
studies on the interaction between porphyrin and cation ex-
changeable clays have recently reported.>* In most reports, the
porphyrins having 44 charged substitutes at meso-position (i.e.
alkyl pyridinium salt) were used as a guest molecule. However,
little is known about electrostatic 1:1 interaction between the
cationic porphyrin guest and the anionic clays. The porphyrina-
toantimony(V) molecules are a ““+1 charged cationic complex”
where the positive charge can delocalize in m-electron system of
porphyrin ring’ and have two axial ligands. They are a different
type from the +4 cationic pyridinium-type porphyrin complexes.
Here, we report on the adsorption and intercalation behaviors of
porphyrinatoantimony(V) complexes (la—c) into an artificially
synthesized cation-exchangeable smectite clay (Sumecton SA;
SSA), as shown in Figure 1.

The measurement of absorption spectra was performed for a
solution prepared by mixing the aqueous solution of 1
(5.0 x 107 moldm™3)>®  with SSA  ((Nag49Mgg 14)+t""’
[(Si7.20Alo.80)(Mgs 97Al9.03)020(OH)4]1~*77, Kunimine) solution
(50 mg dm~3).44> The loading level of 1 vs cationic exchange
capacity of SSA (%LL) was adjusted by the addition of variable
amounts of SSA to constant concentration of 1. X-ray diffraction
(XRD) analysis was performed for the samples prepared by
filtration of the above mixture through a membrane filter (pore
size = 1 um) and drying at room temperature.

Figure 2 shows the absorption spectra of la—b under the
conditions of different %LL in aqueous SSA solution. At low
%LL (10-20%), the Amax of Soret band of 1a—b was shifted from
the Amax (417 nm) without SSA to a longer wavelength (430 nm).
As an increase of %LL, the further red shift of A, and the
broading of Soret band were induced. Especially, the remarkable
splitting of Soret band was observed in aqueous solution of 1a-
SSA complex at a high %LL (>40%), showing the strong
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Figure 1. Schematic layered structure (A) and amorphous
structure (B).

interaction between the porphyrins each other. In the case of 1c,
similar spectral changes were observed. No absorption peaks of
la—c were detected in thier filtrates by the filtration 1-SSA
powders, and free 1a—¢ whose A . of Soret band are 417 nm were
observed in the aqueous SSA solution at a 120 %LL. These
spectral changes clearly demonstrated the adsorption and
aggregation of la—c onto the surface or in the interlayer space
of SSA, as have reported in the another dyes systems.”

The interlayer distances for 1-SSA powders obtained by
filtration were estimated by XRD measurement. In the case of 1a-
SSA complex, some sharp diffraction peaks were observed by
XRD measurement, indicating that the layer structure of SSA
should be kept irrespective of the addition of 1a (Figure 3(A)). As
an increase of %LL, the interlayer distance of 1a-SSA complex
increase to reach 1.09 nm in more than 80 %LL, as shown in
Figure 3(B). Judging from the interlayer distance being 0.60 nm
for unmodified SSA, the increase of a net distance by the
expansion was estimated to be 0.49nm. According to X-ray
crystallographic analysis of 1a,” the thickness of 1a for axial
ligand direction was determined to be 0.42nm. This value is
almost consistent with the expanded interlayer distance of la-
SSA complex. These results strongly suggest that 1a should be
intercalated into SSA interlayer space at a high %LL, and that the
orientation of the porphyrin plane should be almost parallel to the
SSA clay layer, as shown in Figure 1(A). The orientation of 1a
was also evidenced by the fact that the spectral shape of Soret
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Figure 2. Absorption spectra of la and 1b at
various %LL aqueous SSA solution.
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Figure 3. (A) The XRD profile of 1a-SSA at %LL = 80%.
(B) Relationship between the %LL and the interlayer
distance determined by XRD measurement of 1a-SSA.
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band splitting showed the presence of porphyrin aggregates of
edge-to-edge type.® If the orientation of 1a is vertical to the clay
layer, the expanded interlayer distance should be about 1.75 nm.
On the other hand, XRD measurements for both 1b- and 1¢-SSA
complex gave no diffraction peaks, indicating that SSA should be
amorphous by the addition of 1b or 1¢, as shown in Figure 1(B).
Accordingly, these results show that 1b- and 1¢-SSA complex can
not take the layer structure although the UV spectral change
showed the adsorption of 1b—c on SSA surface.

Thus, it is clear that the behaviors of adsorption and
intercalation into the clay layer can be affected by the structure
of axial ligand of cationic tetraphenylporphyrinatoantimony(V)
complex. Two hydroxo groups as an axial ligand were effective
for the intercalation into SSA. The forces for the formation of the
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intercalated structure can be attributed to hydrogen-bonding
interaction between OH group at 1a and the clay sheets as well as
Coulombic attractive force. This is a first example for the
intercalation of +1 charged cationic porphyrin complexes into the
clay layer. The above results show the importance of the axial
ligand structure as to how to control the intercalation of
porphyrins.
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