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CRYSTAL STRUCTURE OF (BMDT—TTF)3C104(1,2—DICHLOROETHANE),
MOLECULAR DESIGN FOR THE MULTI-DIMENSIONAL MOLECULAR CONDUCTOR
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In the crystal of (BMDT-TTF)3C104(1,2-dichloroethane), inclined
BMDT-TTF (bis(methylenedithio)TTF) molecules with dihedral angles of
57-58° construct the two-dimensional S---S network parallel to the ac
plane. The steric and electronic features of BMDT-TTF suggest that
BMDT-TTF will take a wide variety of the molecular arrangement which
lead to the multi~dimensional molecular conductors.

The organic donor BEDT-TTF (bis(ethylenedithio)tetrathiafulvalene) has
provided the first sulfur-based organic superconductors, (BEDT—TTF)zReO4(TCZZ K,
above 4 kbar)l) and B-(BEDT-TTF)2I3(Tcz1.4—1.5 K, at ambient pressure).z)

Recent studies of the crystal structures and the band structures of the BEDT-TTF
compounds have revealed the importance of the two-dimensional intermolecular S---S

3) These

interaction as a mean of the suppression of the Peierls instability.
rusults have thrown new light on the molecular design for the ground-state metal.
In this paper, taking BMDT-TTF (bis(methylenedithio)tetrathiafulvalene) as an
example of modification of the BEDT-TTF molecule, we report the crystal structure
of (BMDT—TTF)3C1O4(l,2—dichloroethane) and consider the conditions of donor
molecules available for the multi-dimensional molecular conductors.

Black elongated plates of (BMDT—TTF)3C104(1,2—dichloroethane) were obtained
by the electrochemical oxidation (at a constant current of ca. 0.2 pA) of a

3 1

solution containing BMDT-TTF (10  ~ mol am™3) and (n-C,Hy) ,NC1O, (107! mol am™3) in

1,2-dichloroethane. The crystal data: Orthorhombic, Pnma, a=12.728(1), b=

33.302(3), c=10.204(2) A, V=4325.1 A3

, Z=4. Intensities were measured on a
Rigaku automated diffractometer with Mo Ko radiation. The number of the
independent reflections (206<60°, |Fo|>30(|Fo|) is 2265. The structure was solved
by the direct method and refined by the block-diagonal least-squares method. The

final R value was 0.093. Final positional parameters are given in Table 1.
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Fig. 2. Mode of intermolecular overlapping
of BMDT-TTF molecules arranged along the

a axis.
Table 1. Fractional atomic
coordinates ( x 104). The
e.s.d.'s are given in paren-
theses 4)
Fig. 1. Crystal structure of
(BMDT-TTF)3C104(1,2-dichloroethane) X y z
viewed along the b axis. Short Sl -206(3) 521(1) 3734(4)
S---S distances (crystallographicall s2 837(3) 416 (1) 6281(4)
: Y JJrap Y S3  460(3)  1403(1) 3660 (4)
independent; 3.423-3.691 A) are S4 1512(3) 1293(1) 6273(4)
indicated by dotted lines. S5 1731(3) 819 (1) 1236 (4)
Y S6 2806 (3) 699 (1) -1329(3)
S7 1012(3) -104(1) 1251(3)
Sg 3140 (3) -239(1) -1274(4)
The crystal structure is throughl S 309 (4) 1713(1) 1146 (4)
Y Ity S10 325()  1s86(1)  -1377(4)
different from those of the conventional 91(3) -977(1) 1287(4)
212 137253; -1111(1) -1305 (4)
one-dimensional organic conductors (Fig. 1). 136 (9 205(3) 4997(13)
g g C2  400(11)  939(3)  4418(13)

C3 875(10) 887(4) 5598(13)

The unit cell contains two crystallogra- Ci  1106(12) 1649(4) 2037 (1)
phically independent BMDT-TTF molecules gg igg;é;?) 48;52; :ggéigg
e e S a i 2

: Cl0 1461(10) =-631(3) -567(12)
molecules are arranged along the a axis with gﬁ- 2;{}3&‘;; _ggigi; -4%5]1_57;
their molecular planes almost parallel to %% ggz;g; %ggg %2328;)
each other. The overlap of the molecular 33 13;:43331) gggg :gggggi)
planes, however, is small (Fig. 2). The 8§ “21(2)(1)82; g?.gg(@ :igggg;;
inclined BMDT-TTF molecules with dihedral g% 28?2 8;; gggg(u) g;gggls.;

angles of 57-58° construct the two-

dimensional S---S network parallel to the
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ac plane (Fig. 1), while in the crystal of (BMDT-TTF)3PF6(1,2-dichloroethane) the

molecular planes of the BMDT-TTF molecules are nearly perpendicular to each other.5)

Interaction of the BMDT-TTF molecules along the b axis is interrupted by ClO4
anions and 1,2-dichloroethane molecules. The comparison of the C=C and C-S
bond distances between the molecules A and B indicates that the donor molecules

are ionized as A+B0B0.5) In the ground state, therefore, the holes are considered

to be tend to be localized on the molecules A and (BMDT-TTF)3C104(l,2-dichloro—

ethane) is not considered to be a simple meta1.6)

Let us consider (1) electronic and
(2) steric factors of a series of BMDT-TTF, g S S S
BEDT-TTF, and BPDT-TTF (Fig. 3). /T T \
(CHZ)n So S, (CHZ)n
(1) In a series of BMDT-TTF, BEDT-TTF, \\\\l l// ///
S S S’ S

and BPDT-TTF, the mw-like HOMO of BMDT-TTF
n

spreads most widely over the molecule, BMDT-TTF 1
because BMDT-TTF contains the minimum BEDT-TTF

7 BPDT-TTF
number of o-bonding carbons. Such an
extension of the 7m-system should increase Fig. 3,

the transverse overlap of the HOMO.
(2) The SO/Si ratio of BMDT-TTF is nearly 1.0 (for BEDT-TTF So/Si=l.2, for BPDT-
TTF So/Si=l.2),5) where SO and Si are the spread of sulfur atoms to the transverse
direction. As planar molecules are most preferable for the face-to-face stacking,
so molecules whose So/si ratio is 1.0 are preferred for the strong transverse
S..+S interaction. In addition, the change of the dihedral angle between
adjacent molecular planes will not affect the number of close intermolecular
S+--S contacts.s) When the external heterorings cannot take a stable conforma-
tion, these molecules do not take an infinite face-to-face stacking. A typical
example is BEDT-TTF.3) BPDT-TTF in which the chair conformation of the incorpo-
rated seven-membered heterorings is fixed can construct the infinite face-to-face
stacking, in spite of the non-planarity of the molecule. 8
These electronic and steric conditions suggest that BMDT-TTF will take a wide
variety of the molecular arrangement which lead to the multi-dimensional molecular
conductors.

Finally, there are synthetic overtones associated with the above consideration.

For the modification of the BEDT-TTF molecule, the following features should be
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preferable;

(1) m-like HOMO widely spreads over the molecule

(2) So/Si ratio is 1.0

(3) the terminal functional groups have rigid planarity.

1l and 2 are example molecules. The selenium analogue of the BEDT-TTF molecule
should be of interest. In the BEDT-TSF (bis(ethylenedithio)tetraselenafulva-
lene (3) molecule, the SO/Si ratio is estimated to be about 1.09 (based on the
structural data of (TMTSF)zPFG,g) o~ and B-(BEDT—TTF)zPFG). The van der Waals
radius of selenium R(Se) is larger than that of sulfur R(S) (R(Se)/R(S)=1.08).
Therefore, the extension of the selenium orbitals in the transverse direction
is comparable to that of the sulfur orbitals. This will lead to the enhanced

transverse intermolecular interaction.
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