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In organic conductors, kinetic energy described by intermolecular transfer integral competes with
on-site and intersite Coulomb energy. Due to this reason, organic conductors are located in a boundary
area between itinerant and localized states. Many compounds have been regarded to show metal-insulator
phase transition. However, the so-called metallic state of narrow-bandwidth compound has not been well
investigated, in contrast to extensively investigated insulating state at low temperature. In this thesis, the
author investigates the electronic state of conductive phase in a-type BEDT-TTF salts, using far-infrared,
infrared and Raman spectroscopy, because the o-type BEDT-TTF salts show rich properties such as
charge ordering, superconductivity, zero-gap semiconductor, efc, and therefore the understanding of the
electronic states of the conductive phase in a-type BEDT-TTF salts is considerably important. The author
selects o’-(BEDT-TTF),IBr, as the narrowest-bandwidth compound, o-(BEDT-TTF),l; as the
intermediate-bandwidth compound, and o-(BEDT-TTF),NH,Hg(SCN), as the wide-bandwidth
compound. Especially, we focus on o’-(BEDT-TTF),IBr,, which has the narrowest bandwidth and is least

investigated among the three compounds.

The bandwidth has been estimated by transfer integrals calculated zby means of extended Huckel
method. Experimentally observable quantities, for example, lattice parameter ratio in a-type BEDT-TTF
salts and dihedral angle between the molecular planes in a herringbone arrangement in 6-type BEDT-TTF
salts have been used instead of bandwidth. Kinetic energy arising from hopping process is more directly
correlated with bandwidth. The kinetic energy can be estimated from integration of optical conductivity in
the far-infrared and infrared region. The author estimated the kinetic energy of o’<(BEDT-TTF),IBr;, -
(BEDT-TTF),L5, and a-(BEDT-TTF),NH,Hg(SCN), from the integration of the optical conductivity at
room temperature. The kinetic energy of all three compounds is much smaller than the calculated kinetic
energy and they are in a good relationship with the lattice parameter ratio. The kinetic energy of a’-

(BEDT-TTF),IBr; is much smaller than what is expected from the lattice parameter ratio.

The bandwidth of o’-(BEDT-TTF),IBr; is narrowest among the a-type BEDT-TTF salts. This
compound shows a semiconductor-to-insulator phase transition at ~200 K in electrical resistivity.
According to the X-ray diffraction study, neither super-lattice spots nor diffuse x-ray scattering has been
found down to 20 K, and no distinct structural change was reported at phase transition temperature. The
author investigated the infrared and Raman spectra of o’-(BEDT-TTF),IBr, using >C-substituted BEDT-
TTF salt, and showed clear evidence that the low-temperature high-resistivity phase is a charge-ordered
state. The horizontal stripe of charge order is most stable, but dislocation can be easily generated because
a diagonal stripe is energetically very close to the horizontal stripe.

The increase of inter-site hopping rate, symmetry change from P1 to P 1, and the appearance of
density of state near Fermi energy in the high-temperature phase indicate that this semiconductor-to-
insulator transition is an order-disorder phase transition of localized charge. This means that the
conduction electrons are localized (incoherent) in the whole temperature range; they are diffusively

moving from one site to the adjacent site above ~200 K, and they are crystallized with long-range order



forming a horizontal stripe below ~200 K. This localized electronic state in the whole temperature range
is ascribed to the very narrow bandwidth.

Based on this picture, the author proposes a simple electronic model using point charge
approximation neglecting all transfer integrals. In this model, the energy states can be calculated from the
electrostatic inter-sitte Coulomb energy. Using this model, the filled and vacant energy states are
calculated for ordered and disordered states. The estimation of the activation energies in low-temperature
and high-temperature phase, resistivity jump can be qualitatively explained. The optical gap in low-
temperature phase and the appearance of density of state in the gap region in high-temperature phase also
is well explained by this model. The magnetic susceptibility is also consistent with this localized model.

High pressure suppresses the order-disorder transition temperature down to 100 K at 1.2 GPa,
above which the phase transition changes the character such as a metal-insulator transition. The Raman
spectrum was measured up to 2.3 GPa at various temperatures. The Raman spectrum also changes
spectral features above 1.6 GPa. The author presents a pressure-temperature phase diagram using the
spectral characteristic feature and electrical resistivity. The order-disorder transition extends up to 1.3 GP,
above which metal-insulator transition appears. The insulating states above 1.3 GPa is a dimer-Mott state

or density-wave state.

a-(BEDT-TTF),l; with intermediate bandwidth shows a metal-insulator phaée transition at ~135 K
in electrical resistivity. The insulating state is in a chafge~ordered state, which has been extensively
studied by Raman spectroscopy, NMR, X-ray diffraction, and theoretical studies. However, the high-
temperature metallic state is not well established. The author investigated the infrared and Raman spectra
of low-temperature phase using *C- and dg- substituted BEDT-TTF salts. The complete assignment of v,
v, and v, is consistent with the charge-ordered state. The amplitude of charge order is smaller than that
of a’-(BEDT-TTF),IBr,, which is consistent with the bandwidth. The temperature dependence of the
infrared-active v,; mode of a~(BEDT-TTF),l; is qualitatively different from that of a’-(BEDT-TTF)QIBrz,
which appears to be consistent with the metal-insulator transition. However, the linewidth in the metallic
phase of a-(BEDT-TTF),l; is much broader than that of the Raman spectrum of wide-bandwidth metallic
compound, a—(BEDT—TTF)ZN}LHg(SCN)4. The low—frequéncy optical conductivity of high-temperature
phase of a~(BEDT-TTF),l; is intermediate between those of o’-(BEDT-TTF),IBr, and o-(BEDT-
TTF),NH;Hg(SCN),. The over-damped Drude response and broad linewidth of vy; suggests that the
conduction electrons in the high-temperature phase of a~(BEDT-TTF),l; have not metallic (coherent)

character but diffusive (incoherent) character.

In conclusion, the author provided experimental findings to characterize the electronic states of
conductive phase of o’<(BEDT-TTF),IBr; and a-(BEDT-TTF),I;. The conductive state of narrowest-
bandwidth o’<(BEDT-TTF),IBr, is by no means a metallic state but a dynamically disordered localized
state. The so-called metallic state of a-(BEDT-TTF),l; is also not metallic but diffusively conducting

state.
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SFEEICBOTRGEEETOEHT AL —LETH /7 —a VFABERL TR,
LRBBHREBEL RTELOPERMONATVS, ZNODYHEDKEMRTH D BEMEKF
REE (K KOV THEL OHERTLbALTZOETREBEIELEIATVSA, AR
MOBFRERRELISEBRIA TR, ERKITBGE, FX v v FRE, EFKF.
HWHEE. LFEAEBLRYSERMEETY o B0 BEDT-TTF HICHER L, BRI Hk
Ny Fig%E b o (BEDT-TTF):IBrz, FEEODO NV FiE%E b2 o (BEDT-TTF):ls 22
WT., Ay FiIgDEV a-(BEDT-TTF):NH4Hg(SCN)s & LB L2 A b, li%‘fﬁ‘j‘ﬂﬁc‘:ﬁﬁ
b SeUSREEZFLCLTHELED, BRMALLHBICHEBHEOBEFREZHLNIC
L, BET~x A3, o BEDT-TTF):ABr: DHEB RERMON TV BEEFED
TR, BIFOKF - BERFEBL LTEMRTEIZLEALMAICLERTH D,

HeELVHBREATWS, B1ETRYFEGOELLHMB L., EWHRFRED
MBSFIzOoVWTHA TV, E2EFERFECOVTORBTH D2, FICHEES
i llo T LT EERAERORFRAELEBICOVWTHEBRL TV D, k. K&
% 100%DIEHEL LTRABRBEICLEZERET I LN TR TEER, @FFOFEICHK
L REHDEFELWHEFZER L, O FERTRONLEBICKIBREELME D LE
R, LALRBOMBELAEYBREELISOABT A LN TE S, FIETHRY
BEOROENEEEELRNC, LROZSOOMEOEH=FINLX—2ERI Y RED
S TS, BT RAAX IV FHELVRDEED 1/2-1/3 BE T, EEERNICH
WHNTEERFERELEBEVHERBONE, Bz X LXF -2 EROICAFEL Y, #
FEEENAY FEOBRICRDIEEZRIELEDIIDOHRIPENTHD, HF 4 Bl
o'-(BEDT-TTF):IBre DGR IC OV TORE TI ORI OF LERT, £, EXEMA,
BiL®E, ERAEROZBER L REEOBREKFEELD, 200K I REGBAFET
B LEHLMILE, RICEFREZHLNICTBHEDICHKN - T HHIEIC L DH
FhkiTol, BESRETIHED AV FORBYEREREERAT D, 13C BLOCEKFE
PRAWERMCEARB L B LD ERABRBZITV.EBREEREFKFHETHLIZ L.
¥, FORB/IBOTRKEL, BEFORELOBRENKE VI LEHALMNICLE. &b
. BEAETLODEFRBELLTVWAZLERLE, LhL, RABIVT v/ EER
Ry FOBF LY. BELEBFREWTVWASZ &, HHMENSPIADL PIAEELTND
Tl &bt BERESBATVWAZEFELMCLE, DF V. RFRED L EKF
RE~EEBL TV, TOBRSPRE2 T, BOHELZERLELEFREZRERL, &
PEFEHMAZAVT, XEEEEOLEL, BREROLLEEEHICHALL, EoICF
KEZMZ 2 LHEBZHMHSATOLMN, 1.6 GPalET&BL . EfEFZHDR
WEBEBEEBFRE-TILLHLMCLE, TORBEIMANTHY, ERNKFEE
BUHE ERFEBOBMALZEALELND TOWETHD, & 5 EiZoa- (BEDT-TTF):Is
DERBREEREBIZSVWTONETH D, AMEERAVZERZESH NNV FORBZITV,
EEAPEROEBEMRKFHETH D Z L ZHER T 5L Lo, BREFORBIZCOVWTD X
BREIFTERAUCERE B, EHIT, EEAMOEH Y NORBEMTTZLicEy, &
BHREOOLENRAEL TV EERLTVNS, E6EILEDELDTH D,



PEDXHI, BREDHXIL o -BEDT-TTF HOFBEBHOEFREBIZODWTRELE
BFOEREREL VWHIEH-LREAZEALELOTHY, MAMRBLGRXTHD, &
4EBRFT TR ZODEBHIIEBRINTEY., BEEEZELERERLEHE L,



