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We design, synthesize, and analyze the condensed matters based on low molecular weight organic
molecules aiming to derive the designing principles for further functional materials. Relatively
small-sized -conjugated systems are examined to provide molecular (super)conductors and related
materials. The relationship between structure and physical properties are studied. The initial stage
of our studies on BEDT-TTF (ET) and BEDO-TTF (BO) (super)conductors provided the seeds of
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recent investigations. In these days, we are focusing on the conducting
S
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charge-transfer (CT) complexes showing the multi-instability. The
S
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responses to the external stimuli e.g. light irradiation are also concerned
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along with the conventionally examined transport, magnetic, optical
O:
BEDO-TTF
(BO)
properties, etc.

(1) Metallic CT Complex having Multi-instabilities, (EDO-TTF)2PF6: Since the metallic

state of BO complexes were too stable, the phase transition was observed only in
a few numbers of complexes. Aiming to suppress the self-assembling nature
partially, one of the ethylenedioxy groups was removed. As a result, the
S
S
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complete vanishing of the nature was observed for EDO-TTF. Among the
EDO-TTF
complexes examined, (EDO-TTF)2PF6 exhibited the metal-insulator (MI)
transition at ca. 280 K with the some orders
6
of resistivity jump as shown in Fig. 1.
Although all the EDO-TTF molecules were
4
almost planar at room temperature, half
ky
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numbers of donor molecules showed
distinct deformation in the low temperature
kx
0

phase in which bent (B) and flat (F)
molecules were arranged in the order of
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[BBFF] (See, Fig. 2). The transition
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mechanism was attributed to the (Fig. 1) Crystal structure at room temperature (left)
cooperation
of
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transition, and temperature dependence of resistivity (right) of
order-disorder (OD) transition of the (EDO-TTF) PF . The inset for the right panel shows
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counter anion and charge-ordering (CO) the calculated Fermi surface with the expected nesting
transition.
Corresponding with the vector (red arrow).
[BBFF] arrangement, the CO pattern was
assigned to [0011]. The peculiarity of this complex was also demonstrated by the photo-induced
phase transition (PIPT). The low temperature phase showed an ultra-fast and highly efficient
metallization when irradiated by 120 fs laser pulse, the energy of which
corresponded to the CT transition of D+D+  D2+D0. The time development of
reflection spectra showed the coherent peaks and proved that one photon caused
the transition of 50 - 500 donor molecules within ca. 0.1 ps followed by the
relaxation to the metastable state within ca. 1.5 ps. The photo-conductivity
spectra demonstrated the high conductivity of the resultant metastable state.
(EDO-TTF)2PF6 is interested not only in the application but also in the
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non-equilibrium condensed matter physics which studies how the local phase transition develops into
whole of the bulk. For example, the combination of time resolved reflectivity measurement and
theoretical calculation revealed the CO pattern at 0.1 ps after the photo irradiation to be [0101] type
with the lattice fluctuation.

(2) EDO-TTF Analogues and Selective Suppression of Multi-instability: To understand the
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multi-instability of (EDO-TTF)2PF6 and to obtain further
multi-instability systems, deuterated EDO-TTF and EDO-TTF
S
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analogues (MeEDO-TTF, MeSEDO-TTF and CLEDO-TTF) are being
X = CH3: MeEDO-TTF
studied. Along with the complexes of each donor molecule, the alloy
SCH3: MeSEDO-TTF of [(EDO-TTF)1-x(MeEDO-TTF)x]2PF6 was prepared despite the crystal
Cl: CLEDO-TTF
structures of pristine complexes are different to each other. In the
range of x ≤ 0.55 and x ≥ 0.91, the alloys were isostructural to the
complexes of x = 0.0 and x = 1.0, respectively. The alloy of x = 0.05 exhibited MI transition at 242
K due to the same multi-instability to that of x = 0, while that of x = 0.42 showed no clear phase
transition. In case of x = 0.13 alloy, CO was not observed while the MI transition was observed at
193 K. This means that the alloying selectively elimination a component of multi-instability.
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(Fig. 2) Crystal structures of [(EDO-TTF)1-x(MeEDO-TTF)x]2PF6 with x = 0.05
(left), 0.13 (middle) and 0.48 (right) at 150 K. Note that the molecular
deformation and anion ordering observed for x = 0.05 are same to those for x =
0 (pristine EDO-TTF complex).

(3) -conjugated System having Terminal Heteroatom (TP-EDXT): TTF derivatives show
the
intermolecular
interactions
perpendicular
to
the
molecular
plane and
S
along
molecular
lateral
directions
in
S
X
general.
To
expand
the
directionality
of
X = O: TP-EDOT
intermolecular
interactions,
S: TP-EDTT the
TP-EDXT was examined in which a
sulfur atom was located at the terminal of the molecule.
Among the complexes obtained, a head-to-head type donor
dimer was formed by using the terminal sulfur atoms in (TPEDOT)2PF6, which was a Mott insulator with a localized spin
accommodated in the donor dimer. The temperature variation
of magnetic susceptibility was reproduced by a two dimensional
model (QLAF), while the localized spins were arranged
three-dimensionally. The novel spin structure was interpreted
by the anisotropy of inter-dimer interactions (Fig. 3). In case
of the sulfur analogue, the coexistence of three kinds of
differently charged donor molecules is suggested for
(TP-EDTT)3(PF6)2.
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(Fig. 3) Schematic representation
of the donor dimer in (TPEDOT)2PF6 (right) and the
arrangement in this complex
(left). The intersection in left
panel corresponds to a donor
dimer and the beams between
them indicate the significant
interdimer interaction paths.
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