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Electronic properties of alkali-metal-loaded zeolite P
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Abstract of Thesis

Zeolites are porous crystals with regularly arrayed nanospaces. Periodic alkali-metal clusters can be
formed in these nanospaces by the adsorption of guest alkali-metal atoms. Intra- and inter-cluster
interactions lead to novel electronic properties, such as, magnetic orderings and intriguing
insulator-to—metal transitions. In this study, zeolite P was used as the host framework structure, which has
the GIS—type framework structure with a quasi-two-dimensional zigzag channels of GIS cages connected by the
sharing of eight-membered rings (8Rs). Na, K, and Rb metals were loaded into Na-, K-, and Rb—form zeolite
P systems, respectively, for the first time, and optical, magnetic, and electrical resistivity measurements
were performed in order to elucidate the electronic properties of guest s—electrons in zeolite P.

The average loading density of guest alkali-metal atoms per GIS cage, n, was systematically changed from
zero to the nearly saturated values, n=1.03, 1.09, and 0.99 for Na, K, and Rb, respectively. All of systems
are basically nonmagnetic. For K- and Rb-loaded zeolite P systems, very similar optical absorption spectra
are observed, and are assigned to the optical excitations of s—electrons confined in the zigzag channels of
zeolite P. For K—-loaded system, an insulating phase is observed for n < 1.05, and a metallic phase (n > 1.05)
is suddenly observed. These electrical properties are explained by the correlated-polaren model, where
two-GLS~cage type small bipolarons are stabilized in the insulating phase, and large polarcns are generated
over small bipolarons in the metallic phase. In contrast, a gradual change from insulating to metallic phase
is observed for Rb-loaded system. Mutual interaction between small bipolarcns is expected to form a metallic
state in the Rb—loaded system. In Na—loaded zeolite P, optical absorption spectra are different from K- and
Rb-loaded systems, and are assigned to the optical excitations of small bipolarons rigidly confined within
a single GIS cage. The resistivity is insulating at any n

Even within the same framework structure, interesting differences in the electronic properties are observed
when the guest alkali-metal atoms are changed. The observed differences in these electronic properties are
assigned to the. differences in the ionization energy of alkali-metal atoms which is related te the
electron-phonon interacticn (8), the electron transfer energy (¢} between adjacent GIS cages through the 8Rs
of GIS cages, and the Coulomb repulsion energy (I) between two electrons in the same GIS cage.
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FEMHEER, SLEREOYASA FPORFT/EMIZFFITA, AUTA ACTTLAEREZADCH
AL, TOBETFOMEEPWHIELEL, E3F4 P TR, GIS/A— VBRI IV IFyrIAesBRlL, B1ATH
REMEERLCNSE, TOEMCTLIIERER2EATI L, GISTFr—YVHEBRIALETLIIERS T
AFE—=F, F—VREL Gy —PHORAEBEERIR LT, AV 0TABIVERERKEL B MBS RL,
SHIETAHIEROBEIC L > TTOMERKECEMTLI LB L IR, AVTLEREFHEALL
BT, GISH—UNEYDREEFEDN IAFXMORBS iMoo RERTEREIN, 1EE2BLS
L, EREB~ESTHAREFMBRSAE, £k, BERARS MACE, BIRIEOV IS F v v RARIH
LA bhiEEFkEs K ds B AgEElchE, Che0EENL, FVTLAEFERGI SFr—
CUEVIEUT TR, YVOLERBO s BTRBHE LA 2OGI Sy —YERBELEAT AL H-F
DL RERESFR L THEEORRELRY, £, DICARFERGISy—TYin L{E#2EL
BE, BRRsBFREI-TIT—VR-Fn Tl 2#RERBEREBREINT, R, @BCEBE T > LE 2k,
LMESTALBEEANLLER TR, RFARZ MVE, FIVTALIEZERBOHEERLED, BEEIOGER
~DIEBIRRcICEZABEPEREhE, J0oBWE, LEVUATREFRTHIEMERNSEL, BEEANLTE
AT— AR B—FurBRETILEBRERZERL, RREOHMANIIM-TEZOEBEESEN - T E
FATCHRHALE, —F, FFIUVASERPBEALLERTH, BARE CRELTHEBREZAMEAT, X3
AT PALBIY T ARLETTALEIRECEDRY, BDEEFREOREEIEE Tho¥. ZOHERE, 7
P ATHBFREFHEEADPES,GISHF—PRIZAE-LASR-TFJurBPRENRD L LTEALE,
ThonF rIwhA, BYUA AEPYLEEOERE, BT/ EMcBIAsEFRRIBNT, F—UH
DEBEBLAINF— L r—VHTOBFHRATRAANX L ETRTHEFAOIEEORESRROAT ADE
ko T2EOHEABTEATELI DL LT,
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