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Several radical cation salts based on TMEO-ST-TTP (2-[4,5-

bis(methylthio)-1,3-diselenol-2-ylidene]-5-(4,5-ethylendioxy-1,3-

dithiol-2-ylidene)-1,3,4,6-tetrathiapentalene) have been pre-

pared. X-ray structure analyses of (TMEO-ST-TTP)2X
(X=PF6, AsF6, TaF6) reveal that they have the so-called

b-type array of donors with dimerized stacks. A tight-binding

band calculation suggests that the present salts have a

quasi-one-dimensional Fermi surface. On the other hand (TMEO-

ST-TTP)Au(CN)2 has strongly dimerized one-dimensional

electronic structure. (TMEO-ST-TTP)2X (X=PF6, AsF6,

TaF6) exhibit a high conductivity of rrt ¼ 1002101 S cm�1,

and retain metallic conductivity down to 4.2K, while the

tetrahedral (ReO�
4 ) and linear (I�3 and AuðCNÞ�2 ) anions give

semiconductors. Thermoelectric power of (TMEO-ST-

TTP)2PF6 shows T-linear temperature dependence character-

istic of a metal. # 2002 Elsevier Science (USA)

Key Words: radical cation salts; organic metal; p-electron
donor; tetrathiapentalene; X-ray structure analysis; band

calculation; electrical conductivity: thermoelectric power.

1. INTRODUCTION

Considerable efforts have been devoted to the develop-
ment of molecular materials exhibiting exotic electrical
property (1). In particular, preparation of new molecular
superconductors has received considerable interest from
various fields such as organic and physical chemistry, solid
state physics and materials science (2). Although design of
molecular superconductors has not been established yet,
two promising strategies have been recognized to cause
superconducting transition. One is realization of multi-
dimesional electronic structure (at least quasi-one-dimen-
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sional) so that the metal-to-insulator transition (Peierls
transition), to which one-dimensional metals are inherently
subject (3), can be suppressed. The other is construction of
strongly electron-correlated system by increase of on-site
Coulomb repulsion or by narrowing bandwidth against
stable metals down to low temperature because it has been
recently pointed out that superconducting state lies
between metal and antiferromagnetic Mott insulating state
(4). In the search for molecular metals stable down to low
temperatures, we have synthesized tetrathiapentalene-type
donor 2,5-bis(1,3-dithiol-2-ylidene)-1,3,4,6-tetrathiapenta-
lene (BDT-TTP) (5), and have reported that BDT-TTP and
its derivatives afford a large number of radical cation salts
showing metallic conducting behavior down to low
temperatures (r4.2K) (6–12). It has been found that
conducting materials based on BDT-TTP derivatives with
various substituents also form two-dimensional conducting
layer thanks to side-by-side interaction through sulfur
atoms in the p-electron framework. It is contrastive that
TTF derivatives need chalcogene-based substituents such
as ethylenedithio group (13). BDT-TTP itself has a
tendency to form the so-called b-type packing with uniform
donor stacks, resulting in significant stabilization of
metallic state down to low temperatures. In order to
destabilize metallic state and to cause superconducting
transition eventually, introduction of bulky groups on
BDT-TTP framework is promising. Among a large number
of BDT-TTP derivatives synthesized so far, several BDT-
TTP derivatives with methylthio groups have been found
to afford metallic radical cation salts down to low
temperatures (8, 14). It is noted that 4,5-bis(methylthio)-
40,50-ethylendioxy-TTP (TMEO-TTP) has yielded many
radical cation salts, which retain metallic conductivity
down to liquid helium temperature (12). Their crystal
structures have not been unfortunately well-characterized
due to shortage of good-quality crystals. Just three kinds of



CHART 1.

CHART 2.

NEW MOLECULAR CONDUCTORS 609
radical cation salts, (TMEO-TTP)2Au(CN)2 (14), (TMEO-
TTP)AuBr2 � (THF) (15), and (TMEO-TTP)3SbF6 (16)
have been determined by their crystal structures. Among
them, only the Au(CN)2 salt shows metallic behavior, and
the others are semiconductors from room temperature.
Although (TMEO-TTP)2Au(CN)2 has uniform pseudo-
stack, the other salts have dimerized or trimerized face-to-
face stacks. Therefore, development of molecular conduc-
tors based on TMEO-TTP and its analogous donor is of
interest to explore 2:1 metals with dimerized structures,
which bring narrow bandwidth with half-filled band as is
observed in many BEDT-TTF superconductors. In this
paper, we report structures and properties of organic
conductors based on a selenium analogue of TMEO-TTP,
TMEO-ST-TTP, where is 2-[4,5-bis(methylthio)-1,3-disele-
TABL

Crystallographic Data of

Compound (TMEO-ST-TTP)2TaF6 (TMEO-ST-TT

Chemical formula C28H20O4S16Se4TaF6 C28H20O4S16S

Molecular weight 1544.20 1394.22

Crystal system Monoclinic Triclinic

Space group P21/n P%1

a ( (A) 7.445(2) 8.205(5)

b ( (A) 40.108(10) 19.074(6)

c ( (A) 8.177(3) 7.456(3)

a (deg) 91.67(3)

b (deg) 104.20(3) 103.80(4)

g (deg) 83.14(3)

V ( (A3) 2367(1) 1125.1(9)

Z 2 1

Dc (g cm�3) 2.166 2.103

m (cm�1) 61.58 41.37

R 0.072 0.050

Rw 0.082 0.054

Reflections measured 4756 3965

Reflections used 2308 (I > 3sðIÞ) 1613 (I > 3sðI
nol-2-ylidene]-5-(4,5-ethylenedioxy-1,3-dithiol-2-ylidene)-
1,3,4,6-tetrathiapentalene (17) (Charts 1 and 2).

2. EXPERIMENTAL METHODS

2.1. Synthesis

2.1.1. Synthesis of 2-[4,5-Bis(methylthio)-
1,3-diselenol-2-ylidene]-5-(4,5-ethylenedioxy-
1,3-dithiol-2-ylidene)-1,3,4,6-tetrathiapentalene
(TMEO-ST-TTP)

To a suspension of 2-(4,5-ethylenedioxy-1,3-dithiol-2-
ylidene)-1,3,4,6-tetrathiapentalen-5-thione (1) (250mg,
0.68mmol) and 4,5-bis(methylthio)-1,3-diselenol-2-one (2)
(209mg, 0.68mmol) in toluene (15mL) was added tri-
methylphosphite (7mL) at 801C under argon atmosphere.
The reaction mixture was stirred for 2 h at 801C, and then
cooled down to room temperature. The resultant reddish
brown precipitate was filtered off, washed with n-hexane,
and then dried in vacuo. The residue was column
chromatographed on silica gel with CS2 as the eluent to
afford TMEO-ST-TTP (135mg, 0.22mmol) as dark red
crystals in 32% yield. mp 215–2161C (dec.); IR(KBr) 3440,
2917, 1651, 1434, 1162 cm�1; 1H NMR (CS2–C6D6) d 4.25
(s, 4H), 2.44 (s, 6H) ; MS m/z 626 (M+); Anal. Calcd for
C14H10O2S8Se2: C, 26.92; H, 1.61. Found: C, 27.01; H, 1.48.

2.1.2. Preparation of Radical Cation Salts of TMEO-
ST-TTP

Black needle- or plate-like crystals were electrochemi-
cally grown at 501C in chlorobenzene or 1,2-dichloro-
ethane (17mL) containing ethanol (1mL, ca. 5%) in the
E 1

TMEO-ST-TTP Salts

P)2PF6 (TMEO-ST-TTP)2AsF6 (TMEO-ST-TTP)Au(CN)2

e4PF6 C28H20O4S16Se4AsF6 C16H10O2S8Se2AuN2

1438.18 873.63

Triclinic Monoclinic

P%1 P21/n

8.238(4) 12.996(7)

19.169(7) 8.293(7)

7.440(3) 22.425(7)

92.27(4)

103.73(4) 97.03(3)

82.86(4)

1132.4(8) 2398(2)

1 4

2.109 2.419

47.64 99.07

0.078 0.049

0.091 058

5200 5503

Þ) 1847 (I > 3sðIÞ) 2309 (I > 3sðIÞ)



FIG. 2. Crystal structure of (TMEO-ST-TTP)2TaF6 projected onto

the ab plane.
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presence of the donor (2–3mg) and the corresponding
tetra-n-butylammonium salts (30–40mg). The current was
stepwisely changed from 0.2 to 0.7 mA during electrocrys-
tallization (1–2 weeks) (18).

2.2. Physical Mesurements

2.2.1. X-Ray Diffractional Analyses

The black plate crystals were used for X-ray measure-
ments at 296K on a Rigaku AFC7R diffractometer
equipped with graphite monochromated MoKa radiation
and a 12 kW rotating anode generator. Crystal data are
shown in Table 1. Cell constants were determined from 20
well- centered reflections in the range 7.79o2yo22.051.
Intensity data were collected to a maximum 2y value of 551
by the o22y scan technique. After absorption correction
was applied, the structure was solved by direct methods
(SHELEX86) (19). The non-hydrogen atoms were refined
anisotropically. Hydrogen atoms were included, but not
refined.

2.2.2. Electrical Conductivity Measurement

The electrical conductivity was measured by the four-
probe technique with low-frequency alternating current
using a Huso Electro Chemical System HESS 994 Multi-
channel 4-terminal conductometer. Electrical contacts were
achieved with gold paste.

2.2.3. Thermoelectric Power Measurement

The thermoelectric power was measured by attaching a
single crystal to copper heat blocks with gold paste. The
measurement was made along the crystal long axis in the
temperature range 24–296K.
FIG. 1. (a) ORTEP drawing and atomic numbering scheme of

TMEO-ST-TTP in (TMEO-ST-TTP)2TaF6 and (b) the side view.
2.2.4. Band Calculation

The tight-binding band structure was calculated on the
basis of the extend H .uckel approximation, according to
which the transfer integrals are assumed to be proportional
to the intermolecular overlap integrals of frontier mole-
cular orbitals. The basis set consisted of Slater-type orbital
single-z quality for Se 4 s, 4p and 4d, S 3 s, 3p and 3d, C 2 s
and 2p and H 1 s orbitals (20).

3. RESULTS AND DISCUSSION

3.1. Crystal Structures

Among the radical salts obtained so far, X-ray structure
analyses of four kinds of salts, TaF�

6 ; AsF�
6 ; PF�

6 and
AuðCNÞ�2 have been successful. Their crystallograhic data
are summarized in Table 1.

(TMEO-ST-TTP)2TaF6: This salt crystallizes in the
monoclinic system P21/m. One donor molecule is crystal-
lographically independent which is located on a general
position, whereas the octahedral TaF�

6 anion lies on a two-
fold axis. Figure 1 shows ORTEP drawing of TMEO-ST-
TTP molecule in this salt with atomic numbering scheme.
FIG. 3. Donor arrangement of (TMEO-ST-TTP)2TaF6 viewed along

the donor long axis.



FIG. 4. Overlap modes of donor molecules in (TMEO-ST-TTP)2TaF6.

FIG. 6. (a) ORTEP drawing and atomic numbering scheme of

TMEO-ST-TTP in (TMEO-ST-TTP)Au(CN)2 and (b) the side view.
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The molecule is completely planar except for two methyl
groups, both of which stick up from the molecular plane.
The crystal structure of (TMEO-ST-TTP)2TaF6 is shown
in Fig. 2. A unit cell contains four donor molecules and
two anions. The donors form conducting sheets along the
ac plane, each of which is divided from the insulating layer
composed of the anions. The neighboring donor layers are
tilted in opposite directions to each other. The packing
pattern of the donor molecules is the so-called b-type in
BEDT-TTF conductors (Fig. 3) (21). The TMEO-ST-TTP
molecules form a face-to-face stack with interplanar
distances of 3.52 and 3.56 (A, respectively. There are two
overlap modes in the stack (Fig. 4). Both modes are found
to be the so-called ring-over-bond type; however,
the slip distance along the donor long axis (D) is quite
different from each other. That is, one of them corresponds
to about a half of the 1,3-dithole ring (p1, D ¼ 1:6 (A) as
observed in well-overlapped stacks such as (BDT-TTP)2X
(X ¼ SbF6; ClO4, etc.) (6), while the other to a larger slip
of about one and half of the 1,3-dithole ring (p2,
D ¼ 4:9 (A).
FIG. 5. Crystal structure of (TMEO-ST-TTP)2PF6 projected onto the

ab plane.
(TMEO-ST-TTP)2PF6 and (TMEO-ST-TTP)2AsF6:
These two salts are isostructural with each other and
crystallize in the triclinic system. The crystal structure of
(TMEO-ST-TTP)2PF6 is shown in Fig. 5. A unit cell
contains two donor molecules and one anion. One donor
molecule is crystallographically independent which is
located on a general position, whereas the octahedral
PF�

6 anion lies on a center of inversion. The donors form
conducting sheets along the ac plane, each of which is
separated from the anion layer similar to (TMEO-ST-
TTP)2TaF6. In these salts. however, two neighboring
donor layers are tilted in the same direction unlike
(TMEO-ST-TTP)2TaF6. In spite of the different crystal
FIG. 7. Crystal structure of (TMEO-ST-TTP)Au(CN)2 projected onto

the ab plane.
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system from the TaF�
6 salt, molecular structure of TMEO-

ST-TTP and the packing patterns of the donors in a
conducting sheet resemble each other. Namely, the array of
the TMEO-TTP molecules is b-type, and the donors form
a face-to-face stack with slip distances along the donor
long axis of a half (1.7 (A) and one- half (5.0 (A) of the
1,3-dithiole rings, respectively.

(TMEO-ST-TTP)Au(CN)2: One donor molecule and
anion are crystallographically independent; therefore, the
ratio of donor to anion is 1:1. It is in contrast that the
corresponding all sulfur analogue TMEO-TTP is known to
afford the 2:1 salt. The TMEO-ST-TTP molecule has a
slightly folded structure at the S3–S4 position. The dihedral
angle between Se1–Se2–S3–S4 and S3–S4–S5–S6 optimal
planes is 3.61. In contrast to the salts with octahedral
anions, direction of bent methylthio groups is different
from each other (Fig. 6). One of the methyl groups in the
molecule overhangs from the molecular plane similar to the
octahedral anion salts. On the other hand, the other is
located in the molecular plane, whereas the other projects
outside of the molecular long axis in the plane composed of
the donor skeleton. Figure 7 shows the crystal structure of
this salt. The TMEO-ST-TTP molecules form a column
along the b direction. The AuðCNÞ�2 anion does not form
layered structure, and is located in a cavity surrounded by
four donor molecules in the ac plane. TMEO-ST-TTP
molecules also form two-dimensional network in the ac
plane; therefore, the donors are arranged as three dimen-
sional at a glance. There are two overlap modes in the
column similar to the octahedral anion salts. However, the
degree of dimerization is quite different from each other.
One of overlaps of the AuðCNÞ�2 salt is face-to-face stack
with slip distance along the molecular long axis of 1.6 (A,
while the other is largely slipped along both the molecular
long (2.6 (A) and short axes (1.4 (A), respectively (Fig. 8).
FIG. 8. Overlap modes of donor molecules in (TMEO-ST-

TTP)Au(CN)2.
3.2. Ovealap Integrals and Band Structures

(TMEO-ST-TTP)2X (X=PF6, AsF6, TaF6): The band
parameters of TMEO-ST-TTP salts are summarized in
Table 2. The differences of interplanar distances (z) in the
stack are only 0.02–0.04 (A for the salts with octahedral
anions. From the viewpoint of z values, the donors seem to
be stacked uniformly; however, the donors are electro-
nically dimerized along the stacking direction because the
slip distances along the donor long axis (D) are quite
different from each other (1.6–1.7 (A for p1, 4.9–5.0 (A for
p2). The ratio of the calculated overlap integrals (p1/p2) is
1.9–2.3 for those salts. Figure 9 shows the energy
dispersion and Fermi surface calculated by a tight-binding
calculation. Because a conducting sheet in a unit cell
contains two donor molecules, there are two bands, which
are separated from each other due to strong dimerization
along the stacking direction. The bandwidths of the upper
bands for these salts are 0.51–0.55 eV and the energy gaps
are 0.05–0.08 eV, respectively. As a result, upper bands of
the present salt are effectively half-filled. Although the
interstack overlap integrals of the salts with octahedral
anions are 20–30% as large as those of larger intrastack
ones (p1), the calculated Fermi surface is open, reflecting
the quasi-one-dimensinality along the stacking (a+c)-axis.

(TMEO-ST-TTP)Au(CN)2: One of the intrastack over-
lap integrals b2 (S ¼ �6:9� 10�3) is quite small owing to
large slips along the donor long and short axes. In contrast,
another intrastack overlap b1 (S ¼ 45:5� 10�3) is a little
larger than those of the salts with octahedral anions
(S ¼ 36:2238:1� 10�3) because of shorter interplanar
distance (z ¼ 3:43 (A) than those of octahedral salts
(z ¼ 3:5223:56 (A). Dimerization of the donors along the
stack is significantly strong (b1/b2=6.6) compared to the
other TMEO-ST-TTP salts as a result (p1/p2=ca. 2). On
the other hand, interstack interactions along the c-axis are
significantly small because the donors in the neighboring
column tilt in the opposite directions (Fig. 10). Further-
more, there is no overlap along the a-axis as the donors are
extremely slipped along the donor long axis. Therefore, this
salt may be regarded as a one-dimensional system in spite
FIG. 9. The energy dispersion and Fermi surface of (TMEO-ST-

TTP)2TaF6.



TABLE 2

Band Parameters of TMEO-ST-TTP Salts

Materials z ( (A) D ( (A)

Intrastack overlap

(� 10�3)

Interstack overlap

(� 10�3)

Bandgap

(eV) Wu(eV) Wu/DE

(TMEO-ST-TTP)2PF6 3.52 (p1) 1.7 (p1) 36.2 (p1) �6.8 (a1) 0.05 0.55 0.76

3.50 (p2) 5.0 (p2) 19.4 (p2) �4.8 (a2)

�7.0 (c)

(TMEO-ST-TTP)2AsF6 3.54 (p1) 1.7 (p1) 38.1 (p1) �5.0 (a1) 0.08 0.53 0.70

3.51 (p2) 5.0 (p2) 16.9 (p2) �4.1 (a2)

�7.8 (c)

(TMEO-ST-TTP)2TaF6 3.56 (p1) 1.6 (p1) 36.4 (p1) �4.6 (a1) 0.07 0.51 0.70

3.52 (p2) 4.9 (p2) 19.1 (p2) �7.0 (a2)

�6.8 (c)

(TMEO-ST-TTP)Au(CN)2 3.43 (b1) 1.6 (b1) 45.5 (b1) �0.5 (c) 0.72 0.15 0.16

3.61 (b2) 2.6, 1.4a (b2) -6.9 (b2) 0.5 (p1)

0.2 (p2)

(TMEO-ST-TTP)2ClO4(DCE) (17a) 3.50 (c1) 4.7 (c1) 18.0 (c1) �8.7 (a1) 0.22 0.43 0.58

3.43 (c2) 1.7 (c2) 36.9 (c2) �10.3 (a2)

�7.6 (a3)

aSlip distance along the donor short axis.
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of the three-dimensional molecular arrangement at a
glance. The small overlap integrals other than b1 result in
a narrow upper band (Wu ¼ 0:15 eV) and a large bandgap
of 0.72 eV. Considering the ratio of donor to anion is 1:1,
this salt is concluded to be a band insulator (Fig. 11).

3.3. Transport Properties

The electrical conductivity of the cation radical salts
based on TMEO-ST-TTP was measured using the four-
probe technique. Their electrical properties are summarized
in Table 3. The salts with octahedral anions (PF�

6 ; AsF�
6 ;

TaF�
6 ) show high conductivity of srt ¼ 1002101 S cm�1,

and exhibit metallic temperature dependence down to 4.2K
(Fig. 12). Although the band calculation indicates that
these salts have quasi-one-dimensional Fermi surface open
FIG. 10. Donor arrangement of (TMEO-ST-TTP)Au(CN)2 projected

onto the bc plane.
with respect to the stacking direction, the metal-to-
insulator transition derived from Peierls instability is
fortunately suppressed thanks to relatively strong side-by-
side interaction (20–30% of the larger intrastack interac-
tion, p1). On the other hand, the tetrahedral (ReO�

4 ) and
linear anions (AuðCNÞ�2 and I�3 ) have afforded semicon-
ductors, although the I�3 salt shows high conductivity of
srt ¼ 30 S cm�1. The room temperature conductivity of the
AuðCNÞ�2 salt is low (srt ¼ 10�3 S cm�1) in accordance with
the result of band calculation, that is, it is a band insulator.

Among the salts obtained so far, thermoelectric power of
the (TMEO-ST-TTP)2PF6 was measured. The thermo-
electric power is a positive value of 38 mVK�1 at room
temperature, and shows T-linear in the whole temperature
range as is observed in a metal (Fig. 13) (22). The
thermoelectric power of a tight-binding one-dimensional
band is given as
S ¼
p2k2

BT

6et

cosð1=2prÞ
1� cos2ð1=2prÞ

:

FIG. 11. The energy dispersion of (TMEO-ST-TTP)Au(CN)2.



FIG. 12. Conducting behavior of metallic TMEO-ST-TTP salts. FIG. 13. Temperature dependence of the thermoelectric power of

(TMEO-ST-TTP)2PF6.
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From this equation, the bandwidth of this salt is calculated
to be 0.56 eV. The small bandwidth estimated from the
thermoelectric power, in comparison with the large
bandwidth evaluated from the band calculation (1.8 eV),
indicates importance of the correlation effect. This may be
associated with the strong dimerization (Table 2). The
conductivity, however, remains metallic down to low
temperatures, and the thermoelectric power is T-linear,
probably on account of the large overall bandwidth.

3.4. Comparison of (TMEO-ST-TTP)2X (X=PF6, AsF6, TaF6)

with (TMEO-ST-TTP)2ClO4(DCE)

In spite of resemblance of the donor packing pattern,
TMEO-ST-TTP salts with octahedral anions and (TMEO-
ST-TTP)2ClO4(DCE) (17a) show significantly different
conducting behavior from each other. Namely, octahedral
anions afford stable metals down to low temperature, while
ClO�

4 salt is a semiconductor from room temperature with
low conductivity (srt ¼ 0:07 S cm�1, Ea ¼ 0:05 eV) (17a).
TABL

Electrical Properties of TMEO-ST

Anion Solvent Form

ReO�
4 PhCl Needle 1.3

DCE Plate 0.5

PF�
6 PhCl Plate 0.5

AsF�
6 DCE Plate 0.5

TaF�
6 PhCl Plate 0.5

I�3 PhCl Needle 0.4

AuðCNÞ�2 PhCl Plate 1.0

aDetermined by the energy dispersion spectroscopy from the ratio of s

determined from the single-crystal X-ray structure analysis.
bRoom temperature conductivity measured by four-probe technique on a
Komatsu et al. have reported that metallic or insulating
state of 2:1 salts can be estimated from the ratio of the
upper bandwidth (WU) and the energy splitting (DE)
defined by twice the intradimer transfer integrals (23, 24).
That is, metallic conductivity could be realized if WU/DE is
large enough. In contrast, a WU/DE smaller value than a
threshold makes the material Mott insulator. The threshold
for the BEDT-TTF salts has been estimated to be 1.0–1.1.
On the other hand, DE values of the octahedral and ClO�

4

salts of TMEO-ST-TTP are almost the same. However,
WU/DE values (0.7–0.78) of the metallic octahedral anion
salts are much larger than that of semiconduting ClO�

4 salt
(0.58) because WU values of the metallic octahedral anion
salts (0.51–0.55 eV) are larger by ca. 0.1 eV compared with
the ClO�

4 salt (0.43 eV). Therefore, it may be concluded
that (TMEO-ST-TTP)2ClO4(DCE) is a Mott insulator with
a narrow effectively half-filled band, while the octahedral
anion salts show metallic behavior thanks to relatively
large WU. The threshold between metal and Mott insulator
E 3

-TTP Salts (TMEO-ST-TTP .Ax)

xa srt(S cm�1)b

(Re) 0.9 Ea ¼ 0:056 eV

1(Re) 0.2 Ea ¼ 0:35 eV

(X) 30 Metallic down to 4.2K

(X) 40 Metallic down to 4.2K

(X) 5 Metallic down to 4.2 K

0(I) 30 Ea ¼ 0:015 eV

(X) 1� 10�3 Ea ¼ 0:17 eV

ulfur and the elements designated in parentheses. X designates the value

single crystal.
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for TMEO-ST-TTP salts may be estimated to be 0.6–0.7,
which is about two-thirds as large as that of BEDT-TTF
salts. In spite of such small WU/DE, corresponding to Mott
insulating state for BEDT-TTF salts, TMEO-ST-TTP salts
exhibit metallic conductivity probably due to small on-site
Coulomb energy of TMEO-ST-TTP by extension of p-
electron conjugation (twice as large as that of TTF) (25).

4. CONCLUSION

New molecular metals stable down to liquid helium
temperature have been prepared from TMEO-ST-TTP and
octahedral anions. Those salts have the so-called b-type
donor packing with strongly dimerized stacks in contrast to
radical cation salts of unsubstituted analogues BDT-TTP,
which has a strong tendency to form uniform stacks. The
results of band calculation indicate that TMEO-ST-TTP
salts have effectively half-filled band and quasi-one-
dimensional Fermi surface. Their metallic states are
retained by large enough interstack interaction to suppress
Peierls transition as well as small on-site Coulomb energy.
Considering that the superconducting state is thought to lie
between metal and antiferromagnetic Mott insulating state
(4), slight modifications on TMEO-ST-TTP conductors are
very promising to explore new superconductors. We are
currently investigating on the synthesis of analogues of
TMEO-ST-TTP, in which selenium atoms are exchanged
or added to the other positions of sulfurs, as well as
preparation of TMEO-ST-TTP salts with different anions.
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