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The title complex which is isostructural to e—(BEDT—TTF)213
(18)0.5 changes its conducting property from semiconductive to
metallic by tempering with the loss of its weight. This metallic
state retains down to 0.5 K and this product is regarded as being

different from o- and B—(BEDT—TTF)lerz.

BEDT-TTF has become one of the intensely investigated electron donors since
it gives several ambient pressure organic superconductors.1) This donor is also
well known to give many complexes of different modifications with the same anion.
Among them, u—(BEDT—TTF)ZI32) and E—(BEDT—TTF)ZI3(18)O.53) exhibit the transforma-
tion from one modification to the other by tempering the crystals. This paper
describes preparation, crystal structure and unusual conducting properties of a
modification of the IBr2 salts; (BEDT—TTF)2(IBr2)2 (1,1,2—trichloroethane)0.5
which exhibits the transformation from a semiconductor to a metal by tempering the
crystals.

The crystals were prepared by the electrocrystallization in 1,1,2-trichloro-
ethane (TCE). 130 to 150 mg of Bu4N-IBr2 as a supporting electrolyte was added to
the solution of 100 ml of TCE containing ca. 30 mg of BEDT-TTF. Microcrystals of
the cation radical salts tend to precipitate spontaneously even before the elec-
trodes are connected when the ammonium salt was added. Constant current electro-
crystallization (2 pA) for 1 to 2 months gave dark green crystals on the Pt elec-
trodes.4) The outlooks of these crystals are rich in variety (distorted hexagonal
plates, thin plates, broken shell-like masses, and so on), however all of them
showed the same behavior during the melting point measurements. These crystals
change their color to brown at 180 to 182 °C followed by the decomposition at 224
to 225 °C when heated at the rate of 4 K/min.s) On the other hand, the diffusion
method6) in TCE gave mainly this modification with a- and/or B-(BEDT—TTF)ler2 as
minor products.

The crystal structure was analyzed on a broken shell-like crystal. The

unit cell parameters are; monoclinic, space group P21/c, a = 18.767(3), b =
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13.859(1), c = 17.133(2) R, B =
103.7(1)°, vV = 4329.3(8) &> z
4 for the formula of (BEDT-
TTF),(IBr),(TCE)y ¢, D = 2.14,
and D, = 2.162 g/cm”~. These

data differ not only from those

of semiconductive a-modifica-

7.8) and ambient pressure

tion
superconductor, B-salt (Tc =

2.0 to 2.7 K)B) but also from
that of y—salt7) of which the

crystal structure has not been

Fig. 1. Crystal structure of (BEDT-TTF).,(IBr.,)
. . 2 272 solved. The crystal structure
(TCE)0 5. Left; Projection along the b-axis.

. was solved by direct method and
Right; Crystal habit.

were refined on F2 by the full-
matrix least-squares program using the 6142 independent reflections (|Fo|>
o(|Fol)). The final R-value is rather high (0.1084) due to the poor quality of
the crystal and the disorders of the anion site. Figure 1 shows the packing
pattern and the relation between the crystallographic axes and the outlook of the
crystal. The cation-anion layers of the composition (BEDT—TTF)ZIBr2 alternate
with the anion-solvent layers along the a-axis. The total packing pattern is
isostructural to e-(BEDT-TTF)213(18)0.5.3)

Regarding the cation-anion layers, a couple of crystallographically independ-
ent BEDT-TTFs form a dimeric pair with the molecular plane almost parallel to each
other (Fig. 2a). Within the dimer, the BEDT-TTF molecules overlap almost directly
on each other (dihedral angle = 4.49°) and short Se++S contacts using each inner
four sulfur atoms (3.36 to 3.60 A) are found. The carbon atoms of one of the
terminal ethylene groups have big temperature factors (Beq = 10.51 to 14.34 32)

and these ethylene groups locate on the same side in the dimer. Also short inter-
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Fig. 2. Projection onto the bc-plane. (a) x= 0, typical intermolecular S---S

contacts shorter than 3.61 A are drown by solid lines. (b) x = 0.5.
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dimer Se*¢°*S contacts are observed (> 3.47 i). Consequently, two dimensional Se+*S
network is formed parallel to the bc-plane and IBrZ_ ions penetrate to this sheet.

In the anion-solvent sheet (Fig. 2b), the occupancies of carbon, chlorine,
and bromine atoms are 50%, respectively, and the layer is composed of [IBrz(TCE)
IBrZ] as a unit cluster. There are two assignments of atomic positions which
avoid intermolecular halogen-halogen atomic contacts shorter than the sum of van
der Walls radii in the cluster. One is the set of atoms at Br48, Br47, Cl153',
Br46', and Br45'. The other is Br45, Br46, C153, Br47', and Br48'. It is reason-
able to consider that these two types of clusters have 50% of possibilities to
appear at each site.

To the best of our knowledge, this complex is the first example of the e—I3
type BEDT-TTF complex other than the 13 complex where the I3 and I8 anions are
replaced by IBr2 and [IBrz(TCE)IBrz] unit, respectively, so the present complex
can also be expressed as (BEDT—TTF)ZIBrZ[IBrZ(TCE)IBrZ]o.S. With regard to the
conducting properties of e—I3 complex, Shibaeva et al. reported that the semi-
conductive e—I3 salt becomes an ambient pressure superconductor B—(BEDT—TTF)ZI3 by

3)

tempering. One can expect that the present IBr2 complex shows the similar
behavior from the view point of the crystal structure.

The direct current resistivities were measured by four-probe method using
gold wires and gold paste before and after the tempering as mentioned below.
Before the tempering, the resistivities in the bc-plane are almost isotropic and

3

reveal 2 to 5 x 10° @ cm in the bc-plane (Ea = 0.28 eV; Fig. 3, insert), however
*

the resistivity along the a -axis is ca. 106 Q cm. Using the thermogravimetric

apparatus, the crystals were heated at 140 °C for 30 hours under the reduced pres

sure of 1 to 5 mmHg. The crystals change the color

to brown and loose 32% of their original weight

R/th.

—

while the shapes are still unchanged. The brown
crystals show the room temperature resistivities of
ca. 0.1 @ cm and metallic behavior down to 0.5 K
(Fig. 3). 1In the infrared spectrum (KBr disk), rath-

er sharp vibrational absorption bands in the original

crystals almost disappeared and a broad intense one

appeared. This band covers almost all the measured
range (4000 to 400 cm_1) and indicates that the fully

ionized complex changed to a mixed-valence compound.

05

The most interesting and important subject is
how the crystals transform and what the product is.
As to the known metallic IBr2 salts, B—(BEDT—TTF)2
IBr

has been well analyzed, however Y-salt gave only

2
the unit cell parameters and conducting property 0 100 200 300

(metallic down to 1.3 K).')
the samples which lost ca. 30% of their original

The characterization of TIK
Fig. 3. Temperature depen-

dencies of resistivity of
(BED'I‘—TTF)Z(IBrZ)z(TCE)O.5
before (insert) and after

weight have been carried out. The elemental analyses
(C, H, N, S, I) never gave the comfortable values as

B-modification. On the other hand, the mass spectral
tempering.
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measurements showed that the metallic prod-

T T T T T T T ¥
é? B J uct contains BEDT-TTF and IBr, species but
g C I the signals arisen from TCE could not be
:§ G detected. Since the number of reflections
0 DE el H K having significant intensities were so lit-
. L | ~‘M’LA “d ] $ . tle on each single crystals, the X-ray dif-
Lﬁmﬂﬂ‘Y“ﬂ"UA" L e e fraction measurements were carried out on

c e |h the powdered samples (Fig. 4). It is obvi-
ous that the crystal structure of the temp-
ered sample differed from that of the virgin

b .
djf iJ i ) one. The crystals tend to break into mica-
V{J‘,I/‘UJJ,I'! X

a
'W4mw”fj ﬁ&m Nﬂ like thin plates by grinding both before and

10 20 30

Intensity

dllepdLootilt

4 50 after the tempering. In our experiments,
20/ deg this situation enhances the peak intensities
Fig. 4. X-Ray diffraction pattern of arisen from the reflection plane parallel to
the powdered samples before (upper) iyn. post developed face.?) The peaks ¢, e,
and after (lower) tempering. and h of the tempered sample can be indexed
as (003), (004), and (005), respectively, however the total feature of the dif-
fraction pattern does not agree with the simulated pattern of the B—(BEDT—TTF)2

IBr2. The actual mechanism of the transformation and the structure of the temper-

ed crystals are not clear for us at present. Further studies are in progress in
order to obtain a decisive evidence whether the tempered saple is y-modification
or hitherto unknown new modifications.
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