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Fluidity of Adsorbed Water in Alumina Gels as Studied

by ESR of Copper(II) Complex Probe
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A kind of fluidity for adsorbed water in alumina gels prepared
by the sol-gel method has been revealed by ESR-monitoring of the
molecular motion of water-soluble polyamine copper(II) complexes
as dopants; the complex molecules are almost free in tumbling motion
at room temperature in air, but the motion stops when the gels are

dried at 50 °C or in a desiccator.

Recently, there has been a considerable interest in oxide gels and glasses
prepared by the sol-gel method, from the viewpoint of materials science.l’z)
Alumina and silica are representative ones. So far, however, much is not known
about the structural details of the gels, although a few precise studies on the
structures have been undertaken.s) It is well known that adsorbed water in the gels
plays an important role in determining their properties. In the present work, we
report on the basis of the molecular motion of water-soluble copper(II) complexes
as dopants that the adsorbed water of alumina gels unexpectedly shows a kind of
fluidity. It may be noted that there have been almost no papers on the incorpora-
tion of impurities as metal complexes in alumina gels.

Alumina gels were prepared from aluminum isopropoxide according to the sol-gel
method,l) where stable sols were obtained with a molar portion of 0.035 HCl. The
gels were doped with (1,4,8,11-tetraazacyclotetradecane)copper(II) chloriée and
[N,N’-bis(2-aminoethyl)-1,3-propanediamine]copper(II) chloride (abbreviated as Cu-
cyclam and Cu-2,3,2-tet, respectively, the structures being schematically shown in
Fig. 1) in the molar ratio of Cu-cyclam/Al(OC3H7)3 of 1/1000 by adding concentrated

aqueous solutions of these complexes into transparent alumina sols before gelation
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solutions, one having a line shape
of the fluid solution type (A) and
the other, that of the frozen solution type (B).4) The A-type ESR line shape is
determined by the almost complete averaging of anisotropies in g and hyperfine
interaction, because individual copper(II) complex molecules are in rapid tumbling
motion. On the other hand, the B-type line shape reflects the direct appearance
of the anisotropies, because the complex molecules trapped in rigid solvent cages
at 77 K are no longer mobile. Therefore, the B-type ESR signals are observed in
wider magnetic field ranges than the A-type ones.

Figure 3 shows the observed ESR spectra of alumina gels doped with Cu-cyclam
in various states. The alumina gels left in air at room temperature after prepa-
ration show quite different ESR spectra at room temperature (Fig. 3A) and at 77 K

(Fig. 3B). This temperature dependence of ESR spectra is reversible, and quite
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resembles the ESR spectral patterns of the complex in aqueous solutions at room
temperature and at 77 X in Fig. 2. The spectrum of Fig. 3B is identical with that
of Fig. 2B, and the spectra of Figs. 3A and 2A are also the same, in view of both
belonging to the A-type spectra. However, there is a slight difference in line
shape between Figs. 2A and 3A, as is clearly shown, and an analytical study of
this difference is now in progress. In conclusion, the above ESR result indicates
that the Cu-cyclam molecules doped in alumina gels at room temperature are free in
tumbling motion to almost the same extent as those in fluid aqueous solutions.
Thermal analyses have revealed that heating of these alumina gels at 50 °C in
air evaporates a large quantity of adsorbed water, resulting in a weight loss of
about 8%. The alumina gels thus dried showed the room-temperature ESR spectrum of
Fig. 3C, whose line shape is rather close to the B-type one. When these gels were
again allowed to stand in air at room temperature for a day or so, there was a
weight gain of 2 — 3% by moisture absorption. Interestingly, this moisturized
sample again showed the same ESR spectrum as Fig. 3A. Furthermore, it has been

found that the same reversible interconversion in ESR spectra between Figs. 3A and
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3C can also be realized on drying with a desiccator. These experimental results
indicate that a limited amount of adsorbed water in the gels functions as a
solvent in which the Cu-cyclam molecules are almost free in tumbling motion, as in
usual aqueous solutions. The word of "fluidity" often used here is just in this
sense. The stop of tumbling motion of the incorporated molecules by evaporation
of the adsorbed water may be possibly due to an adsorptive interaction of the mole-
cules with some active sites on alumina interior walls. There was a close analogy
between Cu-2,3,2-tet and Cu-cyclam in respect of behavior as dopants in alumina
gels.

This work has first thrown light on an important property of adsorbed water
in alumina gels such as fluidity. However, it is quite interesting that such a
property could not be found for adsorbed water in silica gels at all,s) suggesting

that there are quite large differences in structure and function between alumina

and silica gels.
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