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Aluminosilicate zeolites are nanoporous crystals that make
it possible to generate regularly arrayed alkali-metal nanoclus-
ters by loading guest alkali atoms. Various kinds of magnetic
orderings have been found in these materials depending on the
host zeolite structure, the species of the guest alkali element,
and the loading density. We have developed a new technique to
extend the loading density of guest alkali metals by using pres-
sure beyond the maximum density at ambient pressure. We
examined the magnetic properties of zeolite A and zeolite low-
silica X (LSX) loaded with potassium as a function of the load-
ing pressure. We observed a paramagnetic to nonmagnetic
transition in zeolite A, and we found a new ferromagnetic
phase under the pressure loading in zeolite LSX. These results
demonstrate that this new technique makes it possible to con-
trol the Fermi energy of host-guest materials and bring about
new magnetic phases.
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Fig. 1. Schematics of crystal structure of (a) zeo-
lite A and (b) zeolite low-silica X (LSX). Zeolite A
has LTA framework structure where f cages are ar-
rayed in simple cubic structure. Zeolite LLSX has
FAU framework structure where f cages are ar-
rayed in diamond structure.
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Fig. 2. Quantum electronic states in spherical
well potential. States 1s, 1p, 1d, etc. appear in in-
creasing order of energy. Degeneracy including spin
1s shown in parentheses.
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Fig. 3. (a) Dependence of magnetization of zeolite
A loaded with potassium at ambient pressure on
temperature. Sample with n=4.5 exhibits ferromag-
netic properties below Tc~7 K. At saturation load-
ing density of n=7.2, sample exhibits paramagnet-
ism. (b) Magnetization curves for same samples.
Sample with n=4.5 exhibits very soft ferromagne-
tism.
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Fig. 4. Dependence of Curie constant of zeolite A
loaded with potassium on loading pressure. Hori-
zontal dashed line corresponds to Curie constant
when all o cages accommodate localized magnetic
moments with s=1/2 and g=2.
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Fig. 5. Number of loaded potassium atoms plot-
ted as a function of loading pressure in zeolite A.
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Fig. 6. Schematic of electronic state in potassi-
um-loaded zeolite A. Expected Fermi energies un-
der pressure loading are also indicated by dotted
lines.
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Fig. 7. (a) Dependence of magnetization of zeolite
LSX loaded with potassium (K,/Na.Ks-LSX) at am-
bient pressure on temperature. (b) Dependence of
magnetization of K,/NasKs-LSX at various loading
pressures on temperature.
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EAVAYAL SR e S NN -

CORFHIH L THKEBDIEAZITo 72 FieDESN
2B BRAL OIS E % Fig. 7(b) 1R $ 2. thifald
WIEBAE DO n=9DF—% Tdh 5. 400 MPa T3
TRABICHALAY LA T 287250 5, 520 MPa Tl
LI HEN R BEAELTEBY, TEHN8KER
b ohs, KECTOBLOMIE, Fig 7() 1R L2HE
W B2 7 2 )R LD 22D K& RoTw
5. E5ITHE L 72800 MPa Tl iyt 1371 2= L
BRI > Tn 5. 2 R 3B ORI LR ILH
30 K% & 12 %) T Curie—Weiss HIIZHE 9 25, Weiss
A DM ZRT ™. 2 BURBEEA HAEH O
EARBLTBY, fMH2EEEcEed T7 =) @iEon
Rt E . ENF—E U 72X o THIEBAMEE X D
FWIAVF—DNY PRI -8 NTn EifEEh
LR, WEBEOBWANY F2b ) —2fFfFL, £
T2V I LRVAMET S & ZICHO 7 =) s wgt
ENTVELEEZOLND.

6. & & &

ENERFWT, €4 I4 MO TF 7 MIFLISKH LT E
TTOWHREL Y L OT VI EREAWHESES “IE
AN HHWIE “EHF—ErZ OFEZEELE. £F
T4 MARXKERZEALZRTIE, WD S IERE
OB SN, CNESETOMRY 7 A5 — DN
FEACE o THA TV 2 EZONL. T2, Wik
DFEIEFEICIZ Y T AY — DR TH#ENZ LT W5 &
BbhsrREPBIMI N 474 FLSXH D Na—K
7 I A —=IIBWTIE, KSBOIEAIZ X - THi7z % Tk
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P (L7 = V) HrRwiZshi, B r—¥
YTIE ST, WETEIFHFIRBICH RO NS B
W72 VI LARUHENE L2720 O EH L2 L
Zzohd., ZOFHEL EROENICLZETOEHNE
WIS A= ORI E 3L B LWESOM
WhHEFZA.

BB RIRICES L7oE AT, IR, K
t, ARG, WP, FREER CRBORFH e
DOEKNIEH W72 L ET. ARUIZEIE, BIFE - d5 e Sl
g2 [EA > 2 Zef] 2 FIH L 229 g R (No. 19051009),
[ - FEBEWFZE (A) (No. 24244059), 72 5 NI, KK
O— NV COE T a7 T4 [WHOETHEEEMRI & RkE
PEREM RN ] oRBIZZ T E T,
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FE A ho g oE

F13 FALKRFRFEBMAM R RIS T, BFE HAF
WiRESFERINIZE R, BE (W) BRI 7E £ & — Bt
SERFZEIT ISE R, F15  KBUKZK 2 BBl sefH i Bl v
T, F19 R, BAAECES.
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