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Radical cation salts of TMEO-TTP with linear and octahedral anions
exhibit metallic conductivity down to 0.6 K. The title salt has two-
dimensional donor arrangement, and the measurements of electrical
conductivity, thermoelectric power, and ESR show a characteristic metal-

to-metal transition.

Recently Misaki et al. have developed a general synthetic route to a new series of organic
clectron donors, BDT-TTP (2,5-bis(l',3'-dithio[-2'-ylidene)—l,3,4,6-tetrathiapentalene),l) and have
found that some of their radical cation salts show high electrical conductivity.2-3) In the present
paper, we report radical cation salts of TMEO-TTP (2-(4',5'-bis(thiomethyl)-1°,3"-dithiol-2'-
ylidene)-5-(4",5"-ethylenedioxy-1",3"-dithiol-2"-ylidene)-1,3,4,6-tetrathiapentalene) (see below).
Many of its salts exhibit metallic conductivity down to 3He temperatures. In particular we
present a detailed investigation (i.e. crystal structure, thermoelectric power, and ESR) of (TMEO-
TTP)2Au(CN),.

Single crystals of the radical cation salts of CH3S S S S S 0
TMEO-TTP2) were prepared by electrochemical crys- I #( I >=< I ]
tallization in 1,1,2-trichloroethane or THF in the CH,S S S S S o
presence of tetrabutylammonium salts of wvarious TMEO-TTP
anions. As listed in Table 1, linear anions (Aulz, AuBrz, Au(CN)z) and octahedral anions (PFg,
AsFg, and SbFg) gave metallic salts; they showed high electrical conductivity 100-400 Scm-! at
room temperature, and retained metallic conductivity down to 0.6 K (Fig. 1), though no
superconductivity was observed down to this temperature. These anions also occasionally gave
semiconducting salts even at room temperature.4) Other tetrahedral (ClO4, ReO4, and BF4) and
monoatomic (Cl and Br) anions gave semiconducting salts.

Conducting behavior of (TMEO-TTP)2Au(CN)2 is exceptional among the salts of linear
anions. At room temperature its conductivity is typically 200 Scm! and weakly metallic, but in a
cooling run the resistivity increases with several resistance jumps between 200 K and 100 K.
Below 100 K there appears a metallic behavior with steep temperature dependence. In a heating

run, there is no hysteresis up to 100 K, but the resistivity makes a maximum at around 180 K, and
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Table 1. Composition and single-crystal conductivity of (TMEO-TTP)Ax

Anion Solvent Forma) xb) ort /Sem-1 Ey /ev

Aul? TCES) THF N 0.63(Aw)d) 100 Metallic down to 0.6 K
AuBr)p THF P 0.23(Au), 0.24(Br) 300 Metallic down to 0.6 K
AuBrp THF N 0.68(Au), 0.70(Br) 0.12 0.1

Au(CN)? TCE, THF N 0.46(Au),0.50(X) 200 Metallic down to 0.6 K¢)
ClO4 TCE N 1.2(Cl) 3 0.03

ReO4 TCE N 0.69(Re) 0.12 0.04

BF4 TCE N 0.5 0.05

PFg TCE, THF N 0.66(P) 150 Metallic down to 1.2 K
PFg TCE P 0.52(P) 200 Metallic down to 0.6 K
AsFe TCE N 0.52(As) 370 Metallic down to 0.6 K
SbFg THF P 0.25(Sb) 170 Metallic down to 0.6 K
SbFg THF N 0.36(Sb) 26 Twmi = 180 K

SbFg TCE p 1.0(Sb) 9 0.013

Cl PhCN N 0.005 0.15

Br THF N 0.82(Br) 0.01 0.15

a) N=needles, P=plates. b) Determined by the energy dispersion spectroscopy from the ratio of
sulfur and the elements designated in the parentheses. X represents the value determined from
the single crystal X-ray structure analysis. c¢) 1,1,2-trichloroethane. d) (TMEO-TTP)(Aul2)0.63

(I3)0.18. e) See Fig. 2.

decreases above this temperature (Fig. 2). The same behavior was observed for different four
crystals. Though such a behavior may occur due to crystal cracks, it may be associated with the
anomaly observed by the ESR measurement (vide infra).

The crystal structure of (TMEO-TTP)Au(CN); is depicted in Fig. 3.5)  The donors form
conducting sheet along the ac plane, and the donor arrangement is similar to (BEDT-
TTF)2(CIO4)(TCE)gp5 (BEDT-TTF:bis(ethylenedithio)tetrathiafulvalene),(’) where neighboring
molecules of one donor molecule exist in the directions of about 0° (pl, p2), 30° (al,a2), and 60°
(c) from its molecular plane. All already reported BEDT-TTF salts with this type structure have
semimetallic Fermi surface, which consists of small pieces of hole and electron pockets. The
Fermi surface of the present salt is, however, rather metal-like than semimetal-like (Fig. 4);7)
the Fermi surface is connected along the a axis. This is because the donors form a "uniform
stack” along the c¢ direction (Fig. 3(b)), whereas the usual "ClOg-type” BEDT-TTF salts have two-
fold repeating unit along this "60° direction”. Thus the Fermi surface of the present salt becomes
to be open perpendicularly to this uniform direction (c axis).

Because the band structure is metal-like, the thermoelectric power (Seebeck coefficient) is
positive in the whole temperature range (Fig. 2). On the contrary thermoelectric power of many
semimetallic salts crosses zero at some temperature. It is, however, characteristic of the present
salt that the thermoelectric power is relatively small (<5 puV/K) over all temperatures. The
thermoelectric power makes a broad maximum around 180 K, which corresponds with the
temperature of the resistance maximum. The thermoelectric power showed no considerable

hysteresis in cooling and heating runs.
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The results of ESR are shown in Fig. 5. Except the Curie-like contribution of impurity at
low temperatures, the intensity is almost constant, in consistent with the metallic conduction.
The signal is symmetrical Lorentzian, the linewidth changes linearly to temperature, and the g
value does not depend on temperature. Though the ESR signal splits to two above 200 K.8) the
total intensity (open circles in Fig. 5) seems to be kept unchanged even above this temperature.
These two peaks, together with the anomalous behavior of the resistivity, can be explained if we
assume the existence of two metallic phases; the low-temperature phase has higher resistance,
and the mutual transformation between these phases is very slow. In view of the calculated
Fermi surface, two-fold modulation along the c axis is a possible origin of the low-temperature
phase. More detailed study of this phase transformation is underway.
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