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Please report your samples, experimental method and results, discussion and conclusions.  Please add figures and 
tables for better explanation. 

 Name of sample(s) and chemical formula, or compositions including physical form.

Potassium doped zeolite A 

(K17Al12Si12O48)8 

Powder 

Experimental method and results.  If you failed to conduct experiment as planned, please describe reasons. 

     Approximately 3 grams of powder sample (the crystal size ~ 4 micrometer) was sealed in an 

aluminum holder with a pure helium gas using an indium gasket. The sample holder was mounted on a 

cryostat and was cooled down to 2.3 K, which was lower than the sample’s TC ~ 8 K. External magnetic 

field of 100 Oe, which was enough high to saturate the ferromagnetic magnetization of the sample, was 

applied by using an electromagnet. Neutron diffraction data were collected by using a spin-polarized 

neutron beam with two different settings, namely, the neutron spin parallel to the external magnetic field 

and antiparallel to that, in order to extract the weak magnetic scatterings from the ferromagnetic 

moments. Neutron diffraction data at 12 K, which is higher than TC, were also collected by using a 

non-polarized neutron beam as a reference. 
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Experimental method and results (continued) 

     Figure 1 shows the data taken at 2.3 K. The intensity in this figure is obtained by subtracting the 

data between the parallel and antiparallel settings. It is clearly seen that there is a positive peak at the 

200 position and a negative peak at the 220 position. The data were collected with the scattering vector 

perpendicular to the neutron spin, where the Bragg peaks contain the contribution of the magnetic 

scatterings. We also checked the data collected with the scattering vector parallel to the neutron spin, 

where the diffraction is purely from the nuclear scatterings. In this configuration, the subtracted data did 

not show such peaks. Therefore, we can definitely conclude that the peaks appeared in Fig. 1 originate 

from magnetic scatterings. 

     The origin of the positive and negative peaks can be well understood by taking account of the 

q-dependence of the magnetic form factor. In the measured sample, potassium doped zeolite A, 

s-electrons of the potassium nanocluster are confined in the regularly arrayed nanosized cages with an 

inner diameter of ~ 11 Å. We calculated the form factor by assuming the electron wave function 

confined in a spherical potential well. The calculation shows that the form factor quickly decreases with 

q and crosses zero at q ~ 0.6 Å-1 and goes to negative when we use the inner diameter of 15 Å. This 

value is fairly close to the size of the cage. Therefore, it can be concluded that we succeeded in 

detecting the magnetic scattering from the ferromagnetic s-electron confined in the nanosized cages. 

More detailed and quantitative analysis is now in progress. 

 

 
 

Fig. 1. Neutron diffraction pattern of potassium loaded zeolite A measured at 2.3 K. The intensity shows 

the difference between two settings, namely, the neutron spin parallel to the external magnetic field and 

antiparallel to that. 


