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Superconductivity at 7.5 K
and Ambient Pressure in Polycrystalline
Pressed Samples of B,-(BEDT-TTF),I;**

By Dieter Schweitzer*, Emil Gogu, Hans Grimm,
Siegfried Kahlich and Heimo J. Keller

Recently, bulk superconductivity at ambient pressure in
polycrystalline pressed samples of an organic metal—
o,-(BEDT-TTF),l, —was observed.[!! This is a remarkable
fact because this finding shows that organic superconductors
can in principle be used for the production of electronic
devices, such as squids, and might even be suitable for the
preparation of superconducting cables similar to the high
temperature superconductors of the copper oxides.

The polycrystalline pressed samples of a,-(BEDT-TTF),1,
were prepared from pulverized single crystals of a-(BEDT-
TTF),I, and the pressed samples had to be anealed at 75°C
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for one or two days in order to obtain the a,-phase and to
observe bulk superconductivity with an onset temperature of
about 9 K'Y Nevertheless, the superconducting transition
was rather broad with respect to single crystals of o,-(BEDT-
TTF),I, and zero resistivity was found at 2.2 K. On the other
hand, single crystals of (BEDT-TTF),Cu(NCS), show the
highest transition temperature known so far among the or-
ganic superconductors of 10.4 K 12! although no bulk super-
conductivity could be found.I*] The reason for the loss of the
bulk superconductivity in the polycrystalline pressed sample
compared to the single crystals of (BEDT-TTF),Cu(NCS),
is not quite clear, but is probably due to a phase transition
of the material during the preparation of the sample under
pressure.

Here we report the surprising fact that polycrystalline
pressed samples of B-(BEDT-TTF),I, show bulk supercon-
ductivity with an onset temperature to superconductivity of
9 K, zero resistivity at 3.2 K and the middle of the resistive
transition at 7.5 K. In contrast to the polycrystalline sam-
ples, single crystals of p-(BEDT-TTF),I; show a rather
sharp superconducting transition but only at 1.4 K (onset
temperature 1.6 K).I3! Under an isotropic pressure of about
1 kbar the single crystals of B-(BEDT-TTF),I; show a super-
conducting transition at 7.5 K.I* 31 After a pressure-temper-
ature cycling procedure, pressurizing the crystal up to 1 kbar
at room temperature and then releasing the helium gas pres-
sure at temperatures below 125 K, superconductivity at 8 K
and ambient pressure in B-(BEDT-TTF),I, was found.t®: !
However, this specially prepared superconducting state at
8 K and ambient pressure is metastable because supercon-
ductivity at 8 K can only be obtained as long as the temper-
ature of the single crystals does not exceed 125 K. It is there-
fore very surprising that in the polycrystalline pressed
samples of B-(BEDT-TTF), 1, a stable superconducting state
with an onset temperature of 9 K at ambient pressure exists.
For this reason we term the polycrystalline pressed samples
of the B-phase B -(BEDT-TTF),I,, where the index p indi-
cates the polycrystalline pressed material.

Samples of the size 4 x 1 x 0.5 mm?® were prepared from
pulverized single crystals of B-(BEDT-TTF),I, (the resulting
crystallites from the graining process had typical diameters
of 0.1-10 pm) by applying a pressure of about 1.5 - 10* kg/
cm” to the powder. The B -(BEDT-TTF),I, samples pre-
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Fig. 1. Temperature dependence of the resistivity of polycrystalline pressed
samples of 8,-(BEDT-TTF),I; and a-(BEDT-TTF),l,.
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pared in this way are mechanically very stable and were not
tempered as in the case of the previously reported pressed
samples of o -(BEDT-TTF),I;. The conductivity was mea-
sured with the usual four point method. Typical room tem-
perature conductivities 6, lie between 5 and 10 (Q cm) ™!
and are about a factor of 2 lower than in the polycrystalline
pressed samples of «-(BEDT-TTF),I,. Figure 1 shows the
typical temperature dependence of the resistivity of polycrys-
talline pressed samples of B -(BEDT-TTF),l; as well as of
o,-(BEDT-TTF),I;. It can clearly be seen that the resistivity
characteristics of the samples of B,-(BEDT-TTF),l, differ
remarkably from those of a-(BEDT-TTF),I, samples (and
in fact also from the resistivity characteristics of single crys-
tals of B-(BEDT-TTF),I,).1¥) While in the a-samples the
resistivity decreases as it does in a metal as the sample is
cooled from room temperature, in the case of the p -(BEDT-
TTF),I, samples the resistivity first increases slowly on low-
ering the temperature. At around 220 K, the temperature at
which an incommensurate structural modulation in single
crystals of B-(BEDT-TTF),I, occurs,'® a maximum in resis-
tivity is observed, and below 220 K again as in a metal the
resistivity decreases.

Figure 2 shows the resistivity of B,-(BEDT-TTF),I, sam-
plesin the temperature range below 16 K. As can be seen the
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Fig. 2. Temperature dependence of the resistivity of polycrystalline pressed
samples of B,-(BEDT-TTF),l; in the temperature range below 16 K.

onset of superconductivity lies at around 9 K and zero resis-
tivity is found below 3.2 K indicating a rather broad transi-
tion. Nevertheless, the middle of the resistive transition is at
around 7.5 K. The onset temperature for superconductivity
here in B -(BEDT-TTF),I; is much higher than that in the
single crystals of B~(BEDT-TTF),1;. The reason for this is
not yet clear, but the material probably undergoes a phase
transition during the preparation of the polycrystalline sam-
ples under pressure. On the other hand, it is clear that the
new B,-phase is not identical with the known «,-phase indi-
cated by their different resistivity characteristics. In addition,
first measurements of the upper critical fields H,, have
shown that the polycrystalline pressed samples of the B_- and
o-phases have different upper critical fields H_, '*? but
these are in both cases much higher than the upper critical
field H,, in crystals of o,-(BEDT-TTF),I,.l*!!

In order to obtain information on whether the observed
superconductivity is a bulk effect of the sample or not, the

Angew. Chem. Adv. Mater. 101 (1989) Nr.7



Communications

ADVANCED

AC susceptibility was measured at a frequency of 3 MHz
with a field of about 0.2 Gauss. Figure 3 shows the increase
in the resonance frequency of the LC-circuit due to exclusion
of the RF-field by diamagnetic shielding currents in the poly-
crystalline pressed sample of B,-(BEDT-TTF),I;. There is
clear evidence of an onset of diamagnetic shielding below
6 K (in samples of o-(BEDT-TTF),I; below 7 K). Here in
the polycrystalline sample the onset for the diamagnetic
shielding is far above the temperature where the resistivity
becomes zero as is usually observed in single crystals of or-
ganic superconductors. The signal in Figure 3 which still
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Fig. 3. Increase of the resonance frequency of an LC-circuit (3 MHz) due to
exclusion of the RF-field by diamagnetic shielding currents (AC susceptibility)
in a polycrystalline pressed sample of §,-(BEDT-TTF),I, caused by cooling the
sample from 10 K down to 2 K.

increases on cooling down to 2 K, corresponds to about
50% that expected for a perfect superconductor, indicating
a clear bulk effect on the superconductivity in the polycrys-
talline pressed B -(BEDT-TTF),I, samples. Nevertheless,
the large temperature range in which the frequency shift of
the resonance frequency is observed shows that an inhomo-
geneous distribution of superconducting transitions exists in
the sample. A similar broad distribution was already ob-
served in the case of the polycrystalline pressed samples of
o,-(BEDT-TTF),1L,.
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It should be mentioned that tempering of the polycrys-
talline pressed samples of B -(BEDT-TTF),I, for one or two
days at 75 to 90°C (as in the case of the samples of o,-
(BEDT-TTF),I;) does not change the physical properties of
the samples.

In conclusion, superconductivity at ambient pressure and
7.5 K exists in samples of B -(BEDT-TTF),I,. The super-
conducting state is stable and the superconductivity is a bulk
effect of the sample. Similar to the polycrystalline samples of
a,~(BEDT-TTF),I; here again structural phase transitions
during the preparation of the samples under pressure seem to
play an important role.

As a consequence of the structural phase transition, here
in B,-(BEDT-TTF),l;, the transition temperature into the
superconducting state is increased. This behavior reempha-
sizes that organic superconductors might also be of interest
for industrial applications, as in the preparation of electronic
devices polycrystalline materials are easier to use than single
crystals. In addition, the discovery of bulk superconductivity
in large pressed samples of crystallites of an organic metal of
the typical diameter of 1 um indicates that the observation of
superconductivity in conducting polymers should also be
possible.
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