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Ferrimagnetic properties of Na-K alloy clusters incorporated into low-silica
X zeolite
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The framework of zeolite crystals contains periodic arrays of nanoscale spaces, where
arrays of nano-clusters are formed by adsorbing guest alkali metal atoms. Mutual interactions
between these clusters via overlap of electronic wave functions can result in novel electronic
properties such as metal-insulator transition and magnetic orderings.

In the low-silica X (LSX) zeolite with FAU-type structure, the B-cages with the inner
diameter of ~ 7 A are arranged in a diamond structure, and supercages with that of ~ 13 A are
formed among them. Very interestingly, an N-type ferrimagnetism has been found for Na-K
alloy clusters in LSX zeolite. This zeolites contains xNa™ cations and (12-x)K" cations per
unit, where x = 4, and were loaded with #nK atoms to form Na-K alloy clusters. The
ferrimagnetism was found at specific region of » and is explained by the model of two
non-equivalent magnetic sublattices of supercage and B-cage clusters. In other study, K
clusters were formed when #nK metal was loaded into the LSX zeolite which contains 12K*
cation (x= 0) and the sample was also found to exhibit ferrimagnetism but at higher » region.
Moreover, the temperature dependence of magnetization is very different from that of Na-K
alloy clusters. Those differences are though to be due to the change in Na concentration x.

To understand in detailed the role of Na cations on changing the ferrimagnetic properties,
in this study, new samples with x between 4 and 0, i.e. x = 2.4, 1.5, and 1 were made and the
n-dependences of optical, magnetic and ESR properties were investigated. The
ferrimagnetism is also found for these new samples depending on n. By comparing the data
of these new samples with those of the previously studied samples x = 4 and 0, a strong
x-dependence of the ferrimagnetic properties was obtained. It is revealed that there are
systematic changes in ferrimagnetic properties, for instance, a decrease in Curie temperature
and an increase in K-loading densities of ferrimagnetic region were found with the decreasing x.
It is known that in Na-containing LSX zeolite Na" cations are mainly distributed in B-cages.
The decrease in Na concentration is then expected to shallow the depth of electronic potential
for B-cage clusters. Based on the experimental data and that idea, a new model of electronic
structure is proposed to understand both x- and n-dependences for the samples.

RMXBEOHRRDEE

TAHVERBIZIsBEFRTHY., BLEMELOBENVRTHD, LML, BAT4 bE
BDF ) I A ZADOMILFICEA LTI T RAF—2ERLEFI S W5 &, F s EFHITK
L L RN REND, ZORTIE, 2 RRVWET F—r 7 EOKXIE/HIHE
BITOHZENTEXBRRD, BrxOMEDEA T I v 7 REPBRIESND, £/, fFLD
BRI DENRZERF DT IV H Y EBOMEKDBWIC X » T RKIBRZ2UMOELRER S
50

Duong Thi Hanh KiZZNHDHF T, R—_—F—I 0B ¥ A ¥E L NEETESI L7z
Low-Silica X (LSX) ¥A T4 ; [LFER M,AL,Si,0,] ICE&BH Y U LAZRESE TH
SRR 24T o = RB 2B L. ZORTEA SN S 7 = U BEHEIC OV TH LWVERE
R, TOPATA NTIETAIVAFUMP L 2B B, ZO—E%ENaAf 41T,
B EKA T NI LELSXEA T4 MkA RBEOERI Y U LERBEE ¥z, ZORE
B NaAAvDEZAFENSL OEIZES LTITK &, 7o VBHENBRISNA Y v A
W EARENICEREMCY 7 b L, R, HEIEE TR Y 21272 2 Néel ODNE!
D7 = U REMER, FENBUZEL L TUT BRFBRICBRI S vz, 2 b DNaAf B
TEHEAY LG BREREKEELZEBETA-ODIC R LEETVERE L, 2hE



—6L1—

TLSX TIIR— = — DL B — VD5 ODHFEMEMEKEBRFE2EELT 7=
BHEORBLHAL TE I, TNEZIDICHEBIE T, RERA—NN—F—IURORH o
Ry hT—2ZICBWTHR SN ABMETIIOBREETFROBIC. B8R L AAM¥EV
K CERRFITB/INERB I —COREEFREOBERIIBVWTEBEET AV EEE L,
TOEFATEFHEEERY AN, £, 4 ) VARBEOHEME XICEREFROT =
NIZHEAF—NERLTAL EEXD L, ERBEREZBBLZUBATEZZLETRL
77
PEDOHRIZE S TEATA NLSXTDTAAVEEY T AF —IZHBTDH LW
SERMBEEN, £, FORBIIUHEFEOERBIIKREREREEZ LD, Lo T, AHX
FEL (BE) ORMHRXELTHLSMESHZ LD LEBD 5,





