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In zeolite A, the B cages with the inside diameter of ~ 7 A are arrayed in
a simple cubic structure, and the a cages with that of ~ 11 A are formed
among P cages. Recently, we found ferromagnetic properties in Rb clusters
incorporated into zeolite A, when the average number of electrons per unit, »,
is at n > 4.0.  For Rb clusters, a model of ferrimagnetism is tentatively pro-
posed, where clusters in B cages and those in a cages construct respective
magnetic sublattices and are coupled antiferromagnetically with each other.
K clusters in zeolite A also show ferromagnetic properties at » > 2.0. They
are originating from the spin-canting mechanism. Rb clusters are metallic at
large n differently from K clusters. In the present work, we carried out uSR
study at PSI-SuS for Rb clusters in zeolite A.

Figure shows temperature dependence of zero-field uSR spectra of Rb
clusters in zeolite A at » = 5.5. The Curie temperature, 7¢, of this sample is
~ 5 K. All spectra can be fitted by the sum of an exponential function and a
constant background; Aexp(-Ar}+B. The muon-spin relaxation rate, A, sud-
denly increases below 7. The longitudinal-field uSR spectra at 1.6 K show
a typical decoupling behavior. Hence, the exponential-like relaxation is due
to a static internal field. The ratio of the relaxation term to the total asym-
metry, A/(A+ B), is estimated to be ~ 0.6. This value is high enough to con-
clude that the internal field under the
magnetic phase transition arises in the
major part of the sample volume. In K
clusters in zeolite A, a very fast relaxa-
tion term, which is relaxed within ~ 0.1
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hand, such a fast relaxation is not ob- : i i i it PR
served in Rb clusters. This indicates

that the ferromagnetism in Rb clusters :Z;
has a difference in the magnetic ordering 10 i
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In zeolite LSX, B cages with the inner diameter of ~ 7 A are arranged in a diamond
structure and the supercages with the inner diameter of ~ 13 A are formed among
them. Recently, ferrimagnetism has been found in K-loaded zeolite LSX, where the
original zeolite LSX contains both Na” and K~ cations as given by the chemical for-
mula of NaK,.;Al;2Si;,045 (abbreviated by Na,K,,..-LSX) at 0 < x < 4. The fer-
rimagnetism is explained by the model of two non-equivalent magnetic sublattices:
magnetic moments of itinerant electrons in supercage clusters and those of localized
electrons in (3 cage clusters, where they are coupled antiferromagnetically with each
other. According to this model, the generation of clusters in § cages plays an essen-
tial role for the stability of the ferrimagnetism. In Na-containing LSX, Na” cations
are distributed mainly in B cages. Then, (Na;K,)* clusters are mainly expected in
the P cages in K-loaded Na;K;o-LSX. Clusters in {3 cages can be stabilized if the
electronic potential at § cage is deep enough to trap an electron in supercage. There-
fore, clusters in f§ cages are believed to be generated at higher K loading densities.

In this work, the K loading density, n, dependences of magnetic and optical prop-
erties of K-loaded Na,K2..-LSX, especially the generation of clusters in 8 cages are
investigated in detail. For the sample with
x =2, the ferrimagnetism suddenly appears 15 K/Na K. -LSX(xX=2)
at n ~ 7.3 and is kept up to n ~ 9.3 as noxEx
shown in Fig. a for 7¢. The rapid increase

10} P
in the Curie constant is also observed at n 50 a)
~ 7.3 in Fig. b. This increase in the Curie "ot ]
constant can be ascribed to the generation
of magnetic moment of clusters in 3 cages. 0 + : P - 4
In clearer manner, the reflectance spectrum “’E 3ES T per unit 1
of samples with # > 7.3 show new band at
~2.8 ¢V. This band corresponds to the 1s- 5 2t ]
1p excitation of electron confined in L
cage cluster. The oscillator strength of this % ]
band is displayed in Fig c. The clustersin = &

B cages are formed for » > 7.3 in accor- ° + + t t t
dance with the appearance of ferrimag-
netism. Similar behavior is also found in x
=0 and 4 systems. The clusters in B cages
have an antiferromagnetic interaction with
the surrounding clusters in supercages, and
then, the ferromagnetic ordering of elec- 0 X ) )
trons in supercage clusters is stabilize. Fi- 4 5 6 7 8 9 10
nally ferrimagnetism can be stabilize. Average Number of Electrons per Unit, n
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