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Many cation radical salts of BDT-TTP (2,5-bis(1,3-dithiol-2-
ylidene)-1,3,4,6-tetrathiapentalene) showed metallic conducting
behavior down to 0.6-1.2 K. X-Ray crystal structure analysis of (BDT-
TTP)2SbFg revealed that this salt has a two-dimensional "B-type”

arrangement of donor molecules in the conducting sheet.

Realization of two-dimensional electrical property has been regarded as the most
important strategy for preparation of organic metals showing metallic conducting behavior
down to low temperature.l) A bis-fused tetrathiafulvalene (TTF), 2,5-bis(1,3-dithiol-2-
ylidene)-1,3,4,6-tetrathiapentalene (BDT-TTP), is of considerable interest as a promising
skeleton that gives charge-transfer salts possessing two-dimensional electronic structure,
whereas the parent TTF generally affords one-dimensional metals. Recently, we have
synthesized many derivatives of BDT-TTP,2'4) several of which have yielded metallic cation
radical salts down to low temperature (<4.2 K).3:5) However, the investigation on structure
and electrical properties of cation radical salts based on the parent BDT-TTP is desirable in
order to prove ability of BDT-TTP to form two
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dimensional conducting sheets. We report herein the [ > < I ) ( ]
preparation and conducting properties of cation S S S S
radical salts of BDT-TTP together with crystal and
electronic structures of the SbFg salt.

Single crystals of BDT-TTP salts were prepared by electrochemical oxidation in the

BDT-TTP

presence of the corresponding tetrabutylammonium salts at a constant current of 0.3-1
uA/cm2 in THF, 1,1,2-trichloroethane or 1,2-dichloroethane. The I3 salt was obtained using
the diffusion technique with Bu4yNIgz in THF. Most of salts showed high electrical
conductivity of 102-103 S cm-! at room temperature as summarized in Table 1. It is noted
that all of salts except for 104 salt exhibited metal-like conductive behavior down to 0.6-1.2 K
(Fig. 1), although the resistivity of several salts increase a little at low temperature. This
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Table 1. Composition and Electrical Conductivity of BDT-TTP Salts (BDT-TTP-Ax)

Anion Solvent Form?a) xP) ort / Sem-1
Cl04 THF P 0.43(CD), 0.5(X) 140 Metallic®)

BF4 THF P 0.5(X) 400 MetallicC)

104 THF P 0.41(I) 1.0 E5 =0.043 eV
ReO4 THF P 0.37(Re), 0.36(X) 160 Metallic®)
GaCly THF P 0.76(Ga), 0.52(C1) 210 Metallic down to 1.2 K

PF¢ THF N 0.49(P) 500 Metallic¢)

AsFg THF P 0.50(As) 880 Metallic down to 0.6 K
SbFg THF, DCEd) P 0.5(X) 48 Metallic down to 0.6 K
I3 THF N 0.40(I) 1000 Metallic down to 0.6 K
Aul9 THF N 0.38(Au), 0.53(I) 520 Metallic down to 0.6 K
AuBr9 THF N 0.40(Au), 0.29(Br) 130 Metallic down to 1.2 K
Au(CN)2 THF, TCEe) N 0.46(Au) 200 Metallic down to 0.6 K

Br THF Poly 0.51(Br) 13 MetallicC)

a) P = plate, N = needle, Poly = polycrystal. b) Determined by the energy dispersion
spectroscopy from the ratio of sulfur and the elements designated in the parentheses. X
designates the value determined from the single crystal X-ray structure analysis.S) ¢) The
resistivity increases a little at low temperatures, but is essentially metallic down to 1.2 K. d)
DCE = 1,2-dichloroethane. e) TCE = 1,1,2-trichloroethane.

result indicates that the parent BDT-TTP has a strong tendency to afford charge-transfer
salts which retain metallic states down to low temperature. However, no superconductivity
was observed in all cases.

Single crystal X-ray structure analysis was performed for (BDT-TTP)2SbFg.6) The
donor molecule is almost planar (Fig. 2), while the neutral BDT-TTP has a chair conformation
tilted at the sulfur atoms in the central tetrathiapentalene moiety.4) The deviations from the
optimal plane are within 0.14(2) A. The exocyclic C=C bonds of (BDT-TTP)2SbFg (1.36(2) and
1.35(2) A for C3-C4 and C7-C8, respectively) become a little longer by 0.02-0.03 A compared
with those of the neutral BDT-TTP (1.332(5) and 1.336(6) A) because of contribution of the
single bond character due to partial ionization. However, there is no systematic change for
other bonds because the HOMO of BDT-TTP spreads more than that of TTF. The donors form
conducting sheets along the ac-plane, which are separated from each other by sheets of the
centrosymmetric SbFg anions (Fig. 3(a)). As shown in Fig. 3(b), the arrangement of the
donors is close to B-(BEDT-TTF)213, where BEDT-TTF is bis(ethylenedithio)—TTF.7,8) Thus,
the donors are stacking in a face-to-face manner, and the overlap mode of donor molecules is
so called ring-over-bond type. The slip distance along the molecular axis in the stack is 1.6 A.
The donors form almost uniform stacks with the interplanar distances of 3.46 and 3.47 A,
respectively, while they are dimerized in B-(BEDT-TTF)2I3 with the interplanar distances of
3.75 and 3.86 A, respectively. There are several "side-by-side" intermolecular S---S contacts
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Fig. 1. Electrical resistivity of
BDT-TTP salts.
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Fig. 2. (a) The donor structure of
(BDT-TTP)2SbFg, and (b) the side view.

(b)
OO0

Fig. 3. Crystal structure of (BDT-TTP)2SbFg; (a) projection onto bc plane, and (b)
arrangement of donor molecules viewed along the molecular long axis.

Fig. 4. Energy band and Fermi
surface of (BDT-TTP)2SbFg, The
intermolecular overlap integrals
(x10-3) are al = 25.1, a2 = 25.3, ¢
=0.8,p1="7.9, p2 =8.6.
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less than the sum of the van der Waals radii (3.70 A) along the transverse direction. Whereas
such short S---S distances are not observed in a stack, the shortest one being 3.749(7) A.

The band structure of (BDT-TTP)2SbFg calculated by the tight binding method is
shown in Fig. 4.9) Because both the intrastack interactions (al and a2) are comparatively
strong, the bandwidth (1.36 eV) is more than twice as large as that of B-(BEDT-TTF)213.8)
On the other hand, the overlap integrals along the transverse direction (p1 and p2) are about
one third compared to those along the stacking one. Such somewhat strong interstack
interactions give a closed Fermi surface, although it is not a typical ellipse as is observed in
B-(BEDT-TTF)2I3.8) The details of structure and physical property of the present salts with
tetrahedral anions will be reported elsewhere.10)
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