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Zeolites are porous crystals that make
it possible to generate regularly arrayed
alkali-metal nanoclusters. In zeolite A (LTA
structure) cages with the inner diameter of
1.1 nm are arrayed in a simple cubic struc-
ture as shown in Fig. 1. The unit cell
contains eight cages and the lattice con-
stant is 2.46 nm. Potassium clusters ar-
rayed in zeolite A show ferromagnetism
below TC = 7 K without any magnetic el-
ements. This is a novel magnetic mate-
rial because the magnetic ordering is real-
ized by exchange interactions between s-
electrons of alkali metals. Because of the
small ferromagnetic moment (0.3 µB per
cluster) and an antiferromagnetic interac-
tion observed in the magnetic susceptibil-
ity, the system is not regarded as a simple
ferromagnet. Although a spin-canted an-
tiferromagnetic model and a ferrimagnetic
model have been proposed, it has not been
clarified experimentally yet. It is scientif-
ically significant to clarify the reason why
the s-electron system can show ferromag-
netism. In this work we approach this issue
by using neutron diffraction.

We synthesized 3 grams of the pow-
der sample with the chemical formula of
(K16.5Al12Si12O48)8. The sample was sealed
in a aluminum can with the inner diame-
ter of 13 mm. We performed powder neu-
tron diffraction experiments at MLZ FRM-
II DNS. We used polarized neutron beam
with the wavelength of 0.42 nm and car-
ried out the polarization analysis by using
xyz method. The temperature of the sam-
ple was controlled in the range of 3.4-12 K.

It was found that the ferromagnetic mo-
ment easily aligns to the direction of the
guide magnetic field of the diffractometer
due to the very soft ferromagnetism and
the standard method of the xyz analysis
is not applicable. However, we succeeded

in detecting the magnetic diffraction peaks
of 200, 220, 222, 420 in the z-non-spin-flop
channel where both the magnetic field and
the neutron spin direction are perpendicu-
lar to the scattering vector. In this configu-
ration, the magnetic diffraction peaks orig-
inate only from the ferromagneic compo-
nent.

From these data, we evaluated the q de-
pendence of the magentic form factor f(q).
It was found that f(q) decays very quickly
and the size of the spin density distribution
is approximate1y 1.5 nm. This is similar to
the size of the cage. Therefore, we can con-
clude that the observed magnetic scatter-
ings originate from the s-electrons confined
in the nanosized cage of the zeolite crystal.
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Fig. 1. Schematics of the crystal structure of zeolite
A.
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