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In the crystal of (BMDT-TTF) 3PF6 (1,2-dichloroethane) (BMDT-TTF=

 bis(methylenedithio)-tetrathiafulvalene), there are two crystallogra-

 phically independent BMDT-TTF molecules whose molecular planes are 

 approximately perpendicular to each other. This new type of molecular 

arrangement achieves the two-dimensional S...S network. 

 Crystal structures and physical properties of the molecular metals would be 

controlled by designing the constituent molecule. The organic conductors based 

on the donor molecule, BEDT-TTF (bis(ethylenedithio)-tetrathiafulvalene), have 

shown various physical properties; two-dimensional metallic properties, super-

conductivity and quasi-one-dimensional conduction along the transverse direction. l) 

The crystal structures of these compounds are characterized by the inter-molecular

S...S contacts in the transverse direction. 2) This is considered to arise from 

the extension of the TTF framework by incorporating the six-membered heterorings 

in the BEDT-TTF molecule. The structural features of the external heterorings 

in BEDT-TTF derivatives should be closely related to the mode of inter-molecular 

S...S contacts. We report here preparation of BMDT-TTF (bis(methylenedithio)-

tetrathiafulvalene) where the TTF framework is extended by incorporating five-

membered heterorings, and structure determination of its cation radical salt, 

(BMDT-TTF)3PF6(1,2-dichloroethane). 

 BMDT-TTF was prepared as follows;
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Table 1. Fractional atomic coodinates 

(x 104). The e.s.d.'s are given in 

parentheses.

Fig. 1. Crystal structure.

Fig. 2. Two-dimensional S.S network par-

allel to the be plane. Short S.S distances 

(3.35-3.69 A) are indicated by dotted lines.

 Black plates of (BMDT-TTF)3PF6(1,2-dichloroethane) were obtained by the 

electrochemical oxidation (at a constant current of ca. 2 iA) of a solution con-

taining BMDT-TTF (10-3 mol dm-3) and (n-Bu)4NPF6 (10-1 mol dm-3) in 1,2-dichloro-

ethane. The crystal data: Triclinic, P1, a=16.841(3), b=9.998(3), c=7.776(2) A, 

a=113.64(2), 0=99.72(2), y=100.03(2)C, V=1138.6 A3, Z=1. Intensities were mea-

sured on a Rigaku automated diffractometer with Mo Ka radiation. The number of 

the independent reflections (28<60C, jFoI>3o(jFoI)) is 4438. The structure was 
solved by the direct method and refined by the block-diagonal least-squares 

method. The final R value was 0.061. Final positional parameters are given 

in Table 1. 

 The crystal structure is shown in Fig. 1. The unit cell contains two 

crystallographically independent BMDT-TTF molecules (molecules A and B). The 

center of the molecule B is on the inversion center. The molecular arrangement 

of BMDT-TTF molecules is quite different from that in the conventional one-

dimensional organic conductors. The molecular planes of the molecules A and B 

are nearly perpendicular to each other (a dihedral angle is ca. 100C). This new 

type of molecular arrangement achieves the two-dimensional S••.S networks (Fig.2).

These S...S networks are parellel to the be plane and are separated from each 

other by PF6 anions and 1,2-dichloroethane molecules.
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Table 2. Comparison of mean bond lengths of BMDT-TTF. The bond lengths are 

average values, with an approximated D,ti , symmetry. The standard deviations

are in the parentheses.

 The bond lengths in TTF derivatives vary with their oxidation state. In the 

case of BEDT-TTF, the C-S distances in the TTF framework become shorter and the 

C=C distances become longer as the formal charge increases. 3) This is consistent 

with the result of the extended Hiickel molecular orbital calculation; the HOMO 

has nodal planes on every C-S bond. 4) In the molecule A, the C-S distances in 

the TTF framework are shorter and the C=C distances are longer than those 

in the molecule B (Table 2). This suggests that the formal charge of the mole-

cule A is larger than that of the molecule B. 

 The most prominent structural feature of (BMDT-TTF)3PF6(1,2-dichloroethane) is 

the molecular arrangement of donor molecules which enables "perpendicular" type 

inter-molecular overlapping of the sulfur orbitals. To investigate the molecular 

features related to the molecular arrangement and the mode of inter-molecular 

S.. S contacts, we take the spread of sulfur atoms to the transverse direction (So

and Si, in Table 3; the sulfur atoms in the incorporated heterorings are named 
"outer" sulfur atoms and those in the TTF framework "inner" sulfur atoms .). 

When a donor molecule contains many sulfur atoms which contribute to the HOMO and 

project far toward the transverse direction, strong inter-molecular interaction 

through the sulfur atoms will occur in the transverse direction. Let us consider 

the So/Si ratio of the BEDT-TTF and BMDT-TTF molecules. The So/Si ratio of BEDT-

TTF is larger than 1.0, that is, the "outer" sulfur atoms stick out more than the 
"inner" sulfur atoms . Thus, the transverse S---S contacts between the BEDT-TTF 

molecules are based on the "outer" sulfur atoms and no mutual transverse contact 

between the "inner" sulfur atoms cannot be observed (Fig. 3a). Since the contri-

bution of the "outer" sulfur atoms to the HOMO is smaller than that of the "inner"

sulfur atoms, 4) the S ,/S; ratios larger than 1.0 are undesirable for the strong

Table 3. So/Si ratios of BMDT-TTF and 

BEDT-TTF

So and Si distances (A) given are 

average values.
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Fig. 3. Molecular arrangements and possible close S...S contacts.

 (a) (b) (c) 

transverse S. interaction. 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 (Fig. 3b). Furthermore, the change of 

the dihedral angle between adjacent molecular planes will not affect the number o 

close S...S contacts (Fig. 3c; dihedral angle 90C). This indicates that the 

BMDT-TTF molecules will take a wide variety of the molecular arrangement. 6) 

 In conclusion, the crystal structure of (BMDT-TTF)3PF6(1,2-dichloroethane) 

suggests that the ring size of the external heterorings influences the molecular 

arrangement in a crystal and dimensionality of a system. A detailed study of 

its physical properties is in progress. 7) 
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6) Recently, we have prepared the ClO4 salt of BMDT-TTF. The structure of this 

 compound has the two-dimensional character, but is different from that of the 

 PF6 salt. 

7) The electrical conductivity of (BMDT-TTF) 3PF6 (1,2-dichloroethane) was prelimi-

 narily measured along the direction approximately perpendicular to the a axis. 

 The conductivity is thermally activated over the entire temperature range. 

 The activation energy in the 205-115 K range Ea (205-115) is 0.11 eV, and  

Ea(290-205) is 0.20 eV. The conductivity reaches ca. 10 (Ω cm)-1 at room

temperature. 
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