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Magnetic orderings were observed in alkali-metal clusters stabilized in the nanoporous crystals of
aluminosilicate zeolites, although bulk alkali-metals are nonmagnetic. Zeolite is crystalline and has regularly
arrayed nanospaces with the well-defined size and alkali-metal clusters are formed in those nanospaces by
adsorbing guest alkali metal atoms into zeolite. Mutual interaction between arrayed clusters can lead to
macroscopic phenomena, such as magnetic ordering. Magnetic properties of alkali-metal clusters in zeolites
were found to vary with changing the loading density of guest alkali metal, namely the average number of guest
alkali metal atoms per cluster. The loading density of guest alkali metal, n, can be widely controlled by gas
phase adsorption of alkali metals. However, n has the maximum limit at ambient pressure. In this study, we
have developed the novel technique of pressure-doping in order to increase n more than the maximum value at
ambient pressure. Magnetic properties of various alkali metal clusters in pressure-doped zeolites were
investigated.

At doping pressure of 700— 1000 MPa, new ferromagnetic phase was observed in K clusters in pressure-doped
zeolite Low Silica X (LSX) with the FAU-type structure. Curie temperature and Weiss temperature have the
maximum value of 13 K and 9.3 K at 910 MPa, respectively. The positive value of 7W clearly indicates the
existence of ferromagnetic interaction, probably between supercage clusters. This is very different from other
ferromagnetisms found in alkali-metal clusters in zeolites, where the antiferromagnetic interaction plays an
important role in the magnetic ordering. Furthermore, an itinerant electron ferromagnetism is anticipated for
this ferromagnetism because the metallic state was confirmed at ambient pressure. The estimated loading
density n of guest K under pressure reaches around 1 and 2 atoms per supercage at the doping pressures of 700
and 1000 MPa, respectively. The possible electronic models of the new ferromagnetic phase are discussed.

The pressure-doping technique was also applied to K and Rb clusters in zeolite A and Na-K clusters in zeolite

LSX. The magnetic properties of those alkali-metal clusters are reported in this thesis.

— 325 —



MXEBEEORRNDEE

EAITA NOTNAVA VR FAZ—ILsETRTHY NG, MANICERIND 7 7 A Z—DFE s BT
WARAF LT iRk 2 I B A £ 2, TR T, Ml E RRWES F—r 780 KRRl 42175 =
MTEDD, FAOPHED T A F I v 7 REBABBIESND, L, 20 s EFEO EREZTITHLT LN TE
AU, BBl s n 2 E S5,

Nguyen Hoang Nam K%, 1 F—E L 7 EMRIELHEE LTHRINA T AL ) &ROEANEEHEEL
FRe I ATRRDR, ZOIEAMENL LIz, ZOjE%E, BN E CHILARSI L= BA T4 FADT ) UL
FALZ—ICHEMA LTz, ZORTIE s EFHEPMILEZY 2 LB R D & JRMUEIEL BN S 41, &K 7.2 HOFET
DEAFIRFR CIREEMEITIE R L, BREDNBR E NS, 1Y U LEROIEADRER., FHIEOHKE— A > MIHEAL
Too ZAUE. EADEALLRER, 8D s ETEBFLILICIVBTOHY UL FALZ—0 1p HERD PG A
TR LT b D MR LTz, F7o, MILB3Z A VB FHETERSI LIZEA T A P LSXHFDH ) U AT FAZ—TIZ
GSEAV U LEFETHIIREIEL L7 VIR B X DD BRBEEPBIHISND, ZORICH ) U LEREE
ALizE ZhH, ZOHARBEMACEMED FMETHA L, S 512 700—1000 MPa OFFETIL, Bz Rtk 2288l %
TEERFERLE, Lnb, ZOUA ZRETF 2 ) —lEIOE EOEZRT Z &0, RIFMR MMt Ttoh D &
B2, ZORTEEEFRTHDEEZ O, s BFRTOBBEEFREMEDRNESNZZ LIRS, Th
D ORER LB A F LT Magnetism of alkali metal clusters in pressure-doped zeolites (JEAJEIZ L DB A
FA NROT ATV BRI T AZ—ORENME) 8 LT,

LD L > TEATA NROT ATV @RI T AF—DIENEIZ L 28 USROS S, £72.
DRI EDORRICKE ERE SO, Lo T Amwidt BB%) ofEae LT HaiiifEd s b o &
B D,

— 326 —





