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With the aim of developing organic conductors with new types of molecular arrangements, some organic conduc-
tors composed of elongated 

 

π

 

 donors BDT-TTP (2,5-bis(1,3-dithiol-2-ylidene)-1,3,4,6-tetrathiapentalene) and simple I

 

−

 

anions were prepared by electrocystallization.  The crystal of (BDT-TTP)

 

3

 

I has a very unique three-dimensional donor
arrangement, where six BDT-TTP molecules are crystallographically independent.  Despite the three-dimensional inter-
molecular short S

 

≥

 

S network, the examination of C

 

w

 

C bond lengths of six BDT-TTP molecules indicates an inhomoge-
neous charge distribution, which is unfavorable for the formation of metallic bands.  The resistivity measurements
showed the system to be a semiconductor with a very small activation energy.  On the other hand, the needle-shaped
crystal has 

 

β

 

-type donor arrangement and 2:1 stoichiometry.  The crystal of 

 

β

 

-(BDT-TTP)

 

2

 

I retains its metallic state
down to 2 K.  Though an

 

 

 

open Fermi surface was obtained by tight-binding band calculation, the fairly strong two-
dimensionality of the electronic structure was suggested.

 

The first organic superconductor, Bechgaard salt was report-
ed in 1980;

 

1

 

 it has exerted an extremely large influence on the
development of organic conductors in the last two decades.
Though some molecular metals consisting of single-compo-
nent molecules were recently discovered,

 

2,3

 

 almost all the mo-
lecular conductors currently studied are composed of more
than two chemical species because the charge transfer between
the molecules forming conduction band and the other chemical
species had long been believed to be indispensable for the gen-
eration of the charge carriers.  In the case of Bechgaard salt
with the chemical composition of D

 

2

 

X, the crystal consists of

 

π

 

 donors (D) forming a conduction band and inorganic anions
(X

 

−

 

) generating hole carriers in the conduction band by ex-
tracting one electron from two D molecules.  Consequently,
the various types of molecular conductors can be developed by
the suitable choice of 

 

π

 

 donors and inorganic anions.  Since the
donor molecules are responsible for the transport properties,
the discovery of new types of donor arrangements such as 

 

β

 

-
and 

 

κ

 

-type arrangements was of key importance to develop the
field of organic conductors.

 

4–6

 

  In this sense, the trials to obtain
new types of molecular arrangements by the rare combination
of the donor molecules such as BDT-TTP (2,5-bis(1,3-dithiol-
2-ylidene)-1,3,4,6-tetrathiapentalene) with elongated 

 

π

 

 system
and small size anions such as halogen ions (X

 

−

 

) might be in-
teresting because BDT-TTP is a very good 

 

π

 

 donor to construct
the organic conductors with stable metallic states.

 

7,8

 

  Due to
the elongated 

 

π

 

 donors and small anions, the number of the
strong intermolecular contacts can be expected to increase be-
tween donor molecules.  In order to reduce the Coulomb repul-
sion between the positively charged donor molecules, the
multi-dimensional molecular conductors with new packing

motif might be expected.  Here we present the crystal struc-
tures and electrical properties of two kinds of BDT-TTP salts
with I

 

−

 

 anions.
Though a number of studies have been made on the organic

conductors with I

 

3

 

−

 

 anions, the reports on the systems with I

 

−

 

anions are still very rare.  This seems to be mainly due to the
difficulty in the preparation of good crystals.  The I

 

−

 

 ions tend
to be easily oxidized into the I

 

x

 

−

 

 polyiodide (I

 

−

 

) ion during
electrochemical oxidation and to give the crystals with disor-
dered anion sites, which prevents any further studies.  One of
the old famous examples of TTF complexes with I

 

−

 

 ions is
TTF

 

7

 

(I)

 

n

 

 (

 

n

 

 

 

�

 

 5) reported 25 years ago.

 

9–11

 

  Since then, several
compounds composed of TTF-like donors and I

 

−

 

 anions have
been reported.

 

12–18

 

Experimental

 

Synthesis.    

 

All the chemical procedures were performed un-
der an inert atmosphere.  The solvents were reagent grade and
were freshly distilled.  Black plate crystals of (BDT-TTP)

 

3

 

I and
black needle crystals of (BDT-TTP)

 

2

 

I were grown by electro-
chemical oxidation from the mixed solution of 90% chloroben-
zene and 10% ethanol (10 mL) containing BDT-TTP (1.5–2 mg)
and tetrabutylammonium salt of I

 

−

 

 (30–40 mg) under an argon
atmosphere at room temperature.  Special H-shaped glass cells
with electrodes of 1 mm diameter platinum wires were used.  A
constant current of 0.1 µA was supplied for 15–20 days.

 

Crystal Structure Determination.    

 

The crystal structures of
(BDT-TTP)

 

3

 

I and (BDT-TTP)

 

2

 

I were determined on a RIGAKU
MERCURY CCD X-ray system at room temperature.  The crystal
of (BDT-TTP)

 

3

 

I with the size of 0.30 

 

×

 

 0.10 

 

×

 

 0.05 mm

 

3

 

 and that
of (BDT-TTP)

 

2

 

I with the size of 0.20 

 

×

 

 0.05 

 

×

 

 0.05 mm

 

3

 

 were
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used.  The structures were solved by direct methods (SIR97),

 

19

 

and expanded using Fourier techniques (DIRDIF99).

 

20

 

  The non-
hydrogen atoms were refined anisotropically.  The full-matrix
least-squares refinement on F was made on (BDT-TTP)

 

3

 

I based on
6580 reflections (

 

I

 

>

 

 3.00 

 

σ

 

(

 

I

 

)), which converged to 

 

R

 

 

 

=

 

 0.050,

 

Rw

 

 

 

=

 

 0.058, GOF 

 

=

 

 0.92.  The structure refinement of (BDT-
TTP)

 

2

 

I converged to 

 

R

 

 

 

=

 

 0.045, 

 

Rw

 

 

 

=

 

 0.053, GOF 

 

=

 

 1.08 (see
Table 1).  All calculations were performed using the crystallo-
graphic software package Crystal Structure.

 

21,22

 

  Crystallographic
data have been deposited at the CCDC, 12 Union Road, Cam-
bridge CB2 1EZ, UK and copies can be obtained on request, free
of charge, by quoting the publication citation and the deposition
numbers 194313 and 194314.

 

Electrical Resistivity Measurements.    

 

The electrical resis-
tivities were measured by the conventional four-probe method
from room temperature to 2 K.  Four gold wires (0.015 mm diam-
eter) bonded to the crystals with conducting gold paste were used
as current and voltage terminals.

 

Band Structure Calculation.    

 

The overlap integrals, tight-
binding band structure and Femi surface of (BDT-TTP)

 

2

 

I were
calculated on the basis of an extended Hückel approximation.
Slater type atomic orbitals were used.  The parameters of the
atomic orbitals are the same as those used in (BDT-TTP)

 

5

 

-
[(Ln(NO

 

3

 

)

 

5

 

)].

 

23

 

  The exponent 

 

ζ

 

 and the ionization potential (Ryd)
are: S 3s, 2.122, 

 

−

 

1.47; S 3p, 1.827, 

 

−

 

0.808; S 3d, 1.500, 

 

−

 

0.4;
C 2s, 1.625, 

 

−

 

1.573; C2p, 1.625, 

 

−

 

0.838; H 1s 1.0, 

 

−

 

1.0.

 

Results and Discussion

Electrical Properties.    

 

The temperature dependences of
resistivities of (BDT-TTP)

 

3

 

I and (BDT-TTP)

 

2

 

I are shown in
Fig. 1.  The temperature dependence of the resistivities of
(BDT-TTP)

 

3

 

I showed the system to be semiconducting with a
very small activation energy of 0.014 eV, while (BDT-TTP)

 

2

 

I
retains the stable metallic state down to 2 K.  The room-
temperature conductivity of (BDT-TTP)

 

3

 

I was 0.4 S cm

 

−

 

1

 

 and
that of (BDT-TTP)

 

2

 

I was 206 S cm

 

−

 

1

 

.

 

Crystal Structure of (BDT-TTP)

 

3

 

I Salt.    

 

The atomic co-
ordinates are listed in Table 2.  The crystal structure of (BDT-
TTP)

 

3

 

I is shown in Fig. 2.  The atomic numbering scheme of
the BDT-TTP is shown in Fig. 2(a).  There were six crystallo-
graphically independent BDT-TTP molecules.  The molecules
A, B, C, B

 

′

 

, and A

 

′

 

 form a periodic unit of the BDT-TTP col-
umn along the 

 

b

 

 axis where the molecule A

 

′

 

 (B

 

′

 

) is related to A
(B) by the inversion symmetry and molecule C is on the inver-
sion center.  These molecules are almost planar and are stacked
face-to-face.  The deviations of the atoms from the least-
squares planes are within 0.01 Å.  The dihedral angle between
planes A and B is 2.22° and that of planes A and C is 1.57°.
The interplanar distances are 3.353 Å (A

 

≥

 

A

 

′

 

), 3.380 Å
(A

 

≥

 

B), and 3.400 Å (B

 

≥

 

C).  The molecules D and E are
located between the BDT-TTP columns and are arranged side-
by-side along the [

 

−

 

1,0,1] direction (see Fig. 2(b)).  The I

 

−

 

anions are located between the side-by-side array of the mole-
cules D and E.  The D and E molecules are almost perpendicu-
lar to the molecules A, B, and C: e.g., the dihedral angle be-
tween planes A and D is 84.6°, and that between planes A and
E is 89.7°.  The remaining molecule F is located on the inver-
sion center between BDT-TTP pentads (see Fig. 2(c)).  The
molecular plane F is almost perpendicular to the planes D and
E: the dihedral angle between planes D and F is 78.7°, and that
between planes E and F is 85.7°.  On the other hand, the dihe-
dral angle between planes A and F is 66.7°.  The S atoms of

 

Table 1.   Crystallographic Data of (BDT-TTP)

 

3

 

I and (BDT-
TTP)

 

2

 

I

(BDT-TTP)

 

3

 

I (BDT-TTP)

 

2

 

I

Formular C

 

45

 

S

 

36

 

H18I1.5 C20S16H8I1

Formula 1903.15 888.15
weight
Crystal System P1 P1
Space Group Triclinic Triclinic
a/Å 10.218(3) 6.357(4)
b/Å 17.597(6) 6.946(4)
c/Å 19.423(7) 16.979(11)
α/° 72.398(12) 83.49(2)
β/° 74.917(13) 80.47(2)
γ/° 75.58(1) 79.61(2)
V/Å3 3159.9(19) 725.5(8)
Z 2 1
ρ(calcd)/g cm−1 2.001 2.035
µ(Mo Kα)/cm−1 19.80 22.74
R 0.050 0.045
Rwa) 0.058 0.053
GOF 0.92 1.08

a) w = 1

Fig. 1.   Temperature dependence of the resistivities of (BDT-
TTP)3I and (BDT-TTP)2I.
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BDT-TTP form a three-dimensional S≥S network.  There ex-
ist many intermolecular shortest S≥S distances between adja-
cent BDT-TTP molecules.  For example: S14≥S24 = 3.394(3)
Å, S12≥S23 = 3.319(3) Å, S20≥S25 = 3.345(3) Å etc.

As expected, (BDT-TTP)3I has the characteristic three-
dimensional donor arrangement.  However, the resistivity ex-
hibiting a non-metallic behavior suggests the possibility that
the excess charges in donor molecules tend to be localized in-
homogeneously.  In order to examine this possibility, the bond
lengths of BDT-TTP molecules in (BDT-TTP)3I were com-
pared with those of neutral BDT-TTP molecule24 and BDT-
TTP1/2+ semication25 (see Table 3).  Since the HOMO has
nodes on all S–C bonds, the S–C bonds are expected to be-

come shorter in the charged states.  In contrast, the CwC bonds
are expected to become longer than the corresponding bonds
of neutral molecule due to the bonding character of HOMO on
the CwC bonds.  Though the changes in S-C bonds were not
large enough for discussion, the bonds C(5)wC(6), C(3)wC(4),
and C(7)wC(8) allowed us to estimate the degree of charge
transfer.  The short CwC bond lengths of molecules C and E
suggest the neutral state of the molecules.  On the other hand,
the CwC bond lengths of the other molecules (A, B, D, F) are
approximately equal to those of the donor molecule in (BDT-
TTP)2I, indicating the semi-cation states of these molecules.
Such results are consistent with the requirement of the charge
neutralization of the crystal ((D1/2+)4(D0)2(I−)2).  Since the

Table 2.   Atomic Parameters (×104) of (BDT-TTP)3I

Atom x y z Beq/Å2 Atom x y z Beq/Å2

I(1) 5000 5000 5000 1.24(2) C(4) 8411(11) 4185(6) 6825(6) 1.3(2)
I(2) 7590(1) 5110(1) 1359(1) 2.60(2) C(5) 8765(11) 4219(6) 5474(6) 1.0(2)
S(1) 6068(3) 4559(2) 7835(2) 1.45(6) C(6) 10026(11) 3941(7) 5650(6) 1.3(2)
S(2) 8826(3) 3948(2) 8215(2) 1.57(6) C(7) 10411(11) 3983(7) 4295(6) 1.3(2)
S(3) 7371(3) 4459(2) 6161(2) 1.12(5) C(8) 10967(11) 3922(6) 3605(6) 1.4(2)
S(4) 10160(3) 3847(2) 6545(1) 1.11(5) C(9) 11370(10) 3951(8) 2232(7) 2.4(3)
S(5) 8626(3) 4305(2) 4580(1) 1.13(5) C(10) 12592(12) 3688(7) 2397(6) 1.4(2)
S(6) 11419(3) 3711(2) 4972(1) 1.04(5) C(11) 6266(13) 2516(7) 8305(6) 1.9(3)
S(7) 9970(3) 4177(2) 2927(2) 1.50(6) C(12) 7462(12) 2243(7) 8522(6) 1.5(2)
S(8) 12731(3) 3597(2) 3298(2) 1.41(6) C(13) 7976(11) 2243(7) 7146(6) 1.4(2)
S(9) 6209(3) 2621(2) 7397(1) 1.22(5) C(14) 8570(11) 2153(6) 6457(6) 1.1(2)
S(10) 8906(3) 2022(2) 7843(1) 1.22(5) C(15) 9123(10) 2137(6) 5100(6) 1.0(2)
S(11) 7644(3) 2366(2) 5756(1) 1.05(5) C(16) 10338(11) 1901(6) 5323(6) 1.2(2)
S(12) 10364(3) 1830(2) 6227(1) 1.05(5) C(17) 10898(10) 1901(6) 3973(6) 0.9(2)
S(13) 9100(3) 2228(2) 4194(1) 1.03(5) C(18) 11561(11) 1815(6) 3288(6) 1.2(2)
S(14) 11823(3) 1725(2) 4664(1) 1.00(5) C(19) 12225(11) 1764(7) 1930(6) 1.4(2)
S(15) 10706(3) 1983(2) 2563(1) 1.18(5) C(20) 13431(10) 1540(7) 2152(6) 1.3(2)
S(16) 13359(3) 1518(2) 3068(2) 1.19(5) C(21) 6262(11) 554(6) 8018(5) 1.0(2)
S(17) 6313(3) 590(2) 7113(1) 1.24(5) C(22) 7439(12) 318(7) 8253(6) 1.7(2)
S(18) 8938(3) 44(2) 7638(1) 1.17(5) C(23) 8099(9) 249(6) 6892(5) 0.7(2)
S(19) 7887(3) 316(2) 5517(1) 1.05(5) C(24) 8771(10) 145(6) 6229(6) 1.0(2)
S(20) 10560(3) −199(2) 6036(1) 0.98(5) C(25) 10583(10) −109(7) 5121(6) 1.2(2)
S(21) 13656(3) 2972(2) 6219(2) 1.24(5) C(26) 13352(10) 3621(6) 6803(6) 0.8(2)
S(22) 12592(3) 2357(2) 7812(1) 1.36(5) C(27) 12866(12) 3350(6) 7512(6) 1.4(2)
S(23) 13755(3) 1187(2) 5977(1) 1.08(5) C(28) 13165(10) 2145(7) 6940(6) 1.1(2)
S(24) 12716(3) 600(2) 7601(1) 1.21(5) C(29) 13207(10) 1406(7) 6863(6) 1.3(2)
S(25) 14001(3) −532(2) 5797(1) 1.13(5) C(30) 13623(10) 171(7) 6341(6) 1.3(2)
S(26) 12958(3) −1108(2) 7429(1) 1.30(5) C(31) 13139(10) −95(6) 7065(5) 0.7(2)
S(27) 14370(3) −2377(2) 5660(2) 1.40(5) C(32) 13566(10) −1335(6) 6562(6) 1.1(2)
S(28) 13331(3) −2917(2) 7266(2) 1.56(6) C(33) 13738(11) −2101(8) 6505(6) 1.7(2)
S(29) 10669(3) 2839(2) 9565(2) 1.41(5) C(34) 14214(11) −3385(7) 6033(6) 1.4(2)
S(30) 9280(3) 2291(2) 11118(2) 1.38(6) C(35) 13715(11) −3634(7) 6752(7) 1.7(2)
S(31) 10811(3) 1061(2) 9325(1) 1.23(5) C(36) 10120(10) 3539(7) 10096(8) 2.7(3)
S(32) 9534(3) 512(2) 10927(1) 1.19(5) C(37) 9510(10) 3293(8) 10781(8) 2.8(3)
S(33) 3617(3) −2198(2) 9376(1) 1.59(6) C(38) 10015(10) 2044(6) 10278(5) 0.9(2)
S(34) 6222(3) −2917(2) 9926(2) 1.53(6) C(39) 10084(10) 1313(6) 10185(6) 1.0(2)
S(35) 3595(3) −490(2) 9673(2) 1.36(5) C(40) 9717(10) −120(7) 10351(6) 1.5(2)
S(36) 6251(3) −1196(2) 10213(2) 1.52(6) C(41) 4449(11) −3158(7) 9266(6) 1.4(2)

C(42) 5619(12) −3476(8) 9511(6) 1.8(3)
C(1) 6185(13) 4407(8) 8740(6) 2.1(3) C(43) 4942(11) −2053(7) 9723(6) 1.3(2)
C(2) 7435(12) 4125(7) 8915(6) 1.8(3) C(44) 4941(11) −1334(7) 9841(6) 1.4(2)
C(3) 7844(11) 4238(6) 7531(6) 1.2(2) C(45) 5591(10) −143(6) 10118(5) 0.9(2)

Beq = 8/3 π2 (U11 (aa*)2 + U22 (bb*)2 + U33 (cc*)2 + 2U12 (aa*bb*)cos γ + 2U13 (aa*cc*)cos β + 2U23 (bb*cc*)cos α)
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neutral molecules will tend to terminate the current flow, the
inhomegeneous charge distribution will be responsible for the
non-metallic properties of (BDP-TTP)3I.

Crystal Structure of (BDT-TTP)2I Salt.    The atomic co-
ordinates and the equivalent isotropic thermal parameters of
(BDT-TTP)2I are listed in Table 4.  Figure 3 shows the crystal

structure of (BDT-TTP)2I, which has a typical β-type donor ar-
rangement.5  The atomic numbering scheme of BDT-TTP is
shown in Fig. 3(a).  BDT-TTP molecule is almost planar ex-
cept for one terminal group: the large atomic deviations from
least-squares plane are 0.164 Å (C9) and 0.118 Å (C10).  The
interplanar distance along the dyadic column of BDT-TTP is

Fig. 2.   The structure of (BDT-TTP)3I salt.  (a) The atomic numbering scheme of BDT-TTP.  (b) The crystal structure projected along
the a axis.  (c) The crystal structure projected along the b axis.

Table 3.   Intramolecular CwC Bond Length (Å) of BDT-TTP

Compound la = LC5-C6 lb = (LC3-C4 + LC7-C8)/2 lc = (LC1-C2 + LC9-C10)/2

BDT-TTPa) 1.327(5) 1.336(5) 1.332(6)
(BDT-TTP)2ClO4

b) 1.35(2) 1.36(2) 1.35(2)
(BDT-TTP)2I 1.343(13) 1.36(2) 1.32(2)

(BDT-TTP)3I salt
A 1.35(2) 1.35(2) 1.32(2)
B 1.35(2) 1.36(1) 1.33(2)
C 1.32(2) 1.34(1) 1.32(2)
D 1.34(1) 1.35(2) 1.33(2)
E 1.32(2) 1.33(2) 1.30(2)
F 1.33(2) 1.35(1) 1.33(2)

a) The bond length of neutral molecule are taken from Ref. 24.
b) The bond length of semi-cation molecule are taken from Ref. 25.
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3.503 Å and 3.440 Å.  The I− anion is on the origin of the unit
cell.  Since every BDT-TTP molecule is crystallographically
equivalent, BDT-TTP must have a formal charge of +1/2.  The

CwC bond lengths listed in Table 3 suggest that the terminal
CwC bond length hardly reflects the formal charge of the mole-
cule.  This is probably due to the fact that the bond lengths of
the terminal part of large molecule are apparently shortened by
the librational motion of the molecule.  Except for the terminal
bond, the CwC bond lengths of (BDT-TTP)2I are approximate-
ly equal to those of (BDT-TTP)2ClO4.

Band Structure of (BDT-TTP)2I Salt.    The overlap inte-
grals of the highest occupied molecular orbital of BDT-TTP of
(BDT-TTP)2I were calculated (see Fig. 4): p1 = 25.4 × 10−3,
p2 = 24.8 × 10−3 in the stack, r = −0.08 × 10−3, q1 = 9.4 ×
10−3, q2 = 7.1 × 10−3.  The intra-stack overlaps p1 and p2 are
of course larger than the other interactions but interstack inter-
actions are also fairly strong.  Therefore, as shown in Fig. 5,
the tight-binding energy band calculation gave an open but
nearly two-dimensionally closed Femi surface.

The band structure examination was not made on (BDT-
TTP)3I because the charge localization was suggested by the
examination of the bond lengths of BDT-TTP molecules,
which means that the simple tight-binding band examination
requires more information on the site potential of each donor
site.

Conclusion

Two types of crystals of BDT-TTP conductors containing I−

anions were prepared by electrocrystallization.  The crystal
structure analysis of the plate crystal of (BDT-TTP)3I revealed
the characteristic three-dimensional donor arrangement, where
six BDT-TTP molecules are crystallographically indepen-

Table 4.   Atomic Coordinates (×104) and Biso/Beq of (BDT-
TTP)2I

Atom x y z Beq/Å2

I(1) 0 0 0 4.57(4)
S(1) 8022(5) 1424(5) 7099(2) 2.37(8)
S(2) 3309(5) 2136(5) 7543(2) 2.33(7)
S(3) 7520(4) 1964(5) 5218(2) 1.95(7)
S(4) 2703(4) 2730(5) 5668(2) 1.91(7)
S(5) 6991(5) 2606(5) 3441(2) 1.98(7)
S(6) 2190(4) 3383(5) 3898(2) 2.02(7)
S(7) 6408(5) 3016(5) 1579(2) 2.58(8)
S(8) 1679(5) 3874(5) 2011(2) 2.41(8)
C(1) 6980(20) 1320(20) 8122(7) 2.4(3)
C(2) 4820(20) 1610(20) 8321(8) 2.9(3)
C(3) 5490(20) 1960(20) 6770(6) 1.4(2)
C(4) 5290(20) 2200(20) 5982(7) 1.7(3)
C(5) 5920(20) 2500(20) 4446(6) 1.3(2)
C(6) 3760(20) 2830(20) 4661(6) 1.4(3)
C(7) 4390(20) 3140(20) 3124(6) 1.7(3)
C(8) 4210(20) 3350(20) 2332(7) 2.1(3)
C(9) 4810(20) 3270(20) 805(8) 3.1(3)
C(10) 2730(20) 3670(20) 1009(8) 3.3(3)

Beq = 8/3 π2 (U11 (aa*)2 + U22 (bb*)2 + U33 (cc*)2 
+ 2U12 (aa*bb*)cos γ + 2U13 (aa*cc*)cos β 
+ 2U23 (bb*cc*)cos α)

Fig. 3.   The structure of β-(BDT-TTP)2I salt.  (a) The atomic
numbering scheme of BDT-TTP.  (b) The crystal structure
projected along the b axis.

Fig. 4.   The donor arrangement of β-(BDT-TTP)2I viewed
along the long axis of BDT-TTP.

Fig. 5.   The band structure and Femi surface of β-(BDT-
TTP)2I calculated using tight-binding approximation.
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dent.  Despite a three-dimensional intermolecular short S≥S
network, the examination of bond lengths showed an inhomo-
geneous charge distribution on BDT-TTP molecules, which is
unfavorable for the realization of a metallic state.  In fact, the
resistivity measurements revealed the system to be a semicon-
ductor with a very small activation energy.  The other needle-
shaped crystal of (BDT-TTP)2I has a β-type donor arrange-
ment and retained metallic behavior down to 2 K.  Though
tight-binding band calculations gave an open Fermi surface,
the fairly strong two-dimensionality of the electronic structure
was suggested.

This work was supported by Grant-in-Aid for Scientific
Research (No. 14103005) from the Ministry of Education,
Culture, Sports, Science and Technology.

References

1 D. Jérome, M. Mazaud, M. Ribault, and K. Bechgaard, J.
Phys. Lett., L95, 1416 (1980).

2 H. Tanaka, Y. Okano, H. Kobayashi, W. Suzuki, and A.
Kobayashi, Science, 291, 285 (2001).

3 A. Kobayashi, H. Tanaka, and H. Kobayashi, J. Mater.
Chem., 11, 2078 (2001).

4 E. B. Yagubskii, I. F. Shchegolev, V. N. Laukhin, P. A.
Kononovich, M. V. Kartsovnik, A. V.  Zvarykina, and L. I.
Buravov, JETP Lett., 39, 12 (1984).

5 A. Kobayashi, R. Koto, H. Kobayashi, S. Moriyama, Y.
Nishio, K. kajita, and W. Sasaki, Chem. Lett., 1987, 459.

6 J. M. Williams, J. R. Ferraro, R. J. Thorn, K. D. Carlson, U.
Geiser, H. HH Wang, A. M. Kini, and M.-H. Whangbo, “Organic
Superconductors (Including Fullerenes),” Prentice Hall, Engle-
wood Cliff, NJ (1992).

7 Y. Misaki, H. Fujiwara, T. Yamabe, T. Mori, H. Mori, and
S. Tanaka, Chem. Lett., 1994, 1653.

8 T. Mori, T. Kawamoto, Y. Misaki, K. Kawamoto, H.
Fujiwara, T. Yamabe, H. Mori, and S. Tanaka, Mol. Cryst. Liq.
Cryst., 284, 271 (1996).

9 C. K. Johnson and C. R. Watson, J. Chem. Phys., 64, 2271

(1976).
10 R. J. Warmack, T. A. Callcott, and C. R. Watson, Phys. Rev.

B, 12, 3336 (1975).
11 R. B. Somoano, A. Gupta, V. Hodek, T. Datta, M. Jones, R.

Deck, and A. M. Hermann, J. Chem. Phys., 63, 4970 (1975).
12 S. Flandrois, C. Coulon, P. Delhaes, D. Chasseau, C.

Hauw, J. Gaultier, J. M. Fabre, and L. Giral, Mol. Cryst. Liq.
Cryst., 79, 307 (1982).

13 K. E. Kacemi, N. Tijani, and S. Belcadi, New. J. Chem., 18,
907 (1994).

14 V. A. Starodub, V. N. Baumer, I. M. Guella, I. F.
Golovkina, V. G. Alyoshin, V. V. Nemoshkalenko, and A. I. Senk-
iewicz, Synth. Met., 5, 101 (1983).

15 S. Matsuzaki, Z. S. Li, and M. Sano, Chem. Lett., 1986,
1343.

16 L. I. Buravov, G. I. Zvereva, V. F. Kaminskii, L. P.
Rosenberg, M. L. Khidekel, R. P. Shibaeva, I. F. Shcheglev, and E.
B. Yagubskii, J. Chem. Soc., Chem. Commun., 1976, 720.

17 B. Hilti and C. W. Mayer, Helv. Chim. Acta, 61, 801
(1978).

18 P. Kathirgamanathan and D. R. Rosseinsky, J. Chem. Soc.,
Chem. Commun., 1980, 356.

19 A. Altomare, M. Burla, M. Camalli, G. Cascarano, C.
Giacovazzo, A. Guagliardi, A. Molitemi, G. Polidori, and R.
Spagna, J. Appl. Crystallogr., 32, 115 (1994).

20 P. T. Beurskens, G. Admiraal, G. Beurskens, W. P. Bosman,
R. de Gelder, R. Israel, and Smits, “J. M. M.,” (1999).  The
DIRDIF-99 program system, Technical Report of the Crystallog-
raphy Laboratory, University of Nijmegen the Netherlands.

21 “Crystal Structure 2.00: Crystal Structure Analysis Pack-
age,” Rigaku and MSC (2001).

22 D. J. Watkin, C. K. Prout, J. R. Carruthers, and P. W.
Betteridge, “CRYSTALS Issue10:” Chemical Crystallography
Laboratory, Oxford, UK.

23 T. Otsuka, H. B. Cui, A. Kobayashi, Y. Misaki, H. Tanaka,
and H. Kobayashi, J. Solid State Chem., (in press).

24 Y. Misaki, T. Matsui, K. Kawakami, H. Nishikawa, T.
Yamabe, and M. Shiro, Chem. Lett., 1993, 1337.

25 T. Mori, Y. Misaki, H. Fujiwara, and T. Yamabe, Bull.
Chem. Soc. Jpn., 67, 2685 (1994).


