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We report bulk superconductivity at ambient pressure in polycrystalline pressed samples
of a,-(BEDT-TTF),l3. As in single crystals of a,-(BEDT-TTF),I3 the onset for super-
conductivity in the polycrystalline pressed samples lies at about 9K but the transition
is broader. Zero resistivity is observed at 2.2K and the middle of the transition is found at
5K. The measurement of the ac susceptibility shows that at 2K about 50X of the sample
is superconducting, but at this temperature the transition is still not saturated. The obser-
vation of bulk superconductivity in this polycrystalline pressed samples is of special inter-
est because it demonstrates that organic superconductors can be used in principle as well
for the production of electronic devices such as squids and superconducting cables. In
addition the finding of bulk superconductivity in large pressed samples of crystallites
of the typical diameter of 1ym of an organic metal indicates that the observation of super-

conductivity in organic polymers should be possible as well.

Recently bulk superconductivity at 8K and ambient pres-
sure was reported in single crystals of the quasi two
dimensional organic metal a,~(BEDT-TTF) 13 [1]. From
measurements of the upper critical fields H., and using
an anisotropic effective mass model in the picture of
the Ginzburg Landau theory the coherence lengths at
OK of £,=22A, ;=120 A and the penetration depths of
X =750A, )\;=4300 A were obtained [2]. These results
led to the idea that, similar to the high temperature su-
perconductors of the metal oxides, it should be pos-
sible to obtain bulk superconductivity in polycrystalline
pressed samples of oy -(BEDT-TTF),I5. The remark-
able fact of such finding would be that in such a case
organic superconductors in principle could be used as
well for the preparation of electronic devices such as
squids and might even be suitable for the preparation
of superconducting cables. Such a finding would further
be an indication that superconductivity should be obser-
vable as well in organic polymers.

Samples of the size 4 x1x0.5 mm were prepared from
grained single crystals (the resulting crystallites from
the graining process had typical diameters of 0.5 —10
um) of the organic metal a-(BEDT-TTF),l5 [3,4] by
applying a pressure of (3—10) - 103 kg /cm2 to the pow-
der. These mechanically very stable samples were tem-
pered at 75°C for 50 hours in order to obtain samples
of a,-(BEDT~TTF) I3 [11. The conductivity was mea-
sured with the usual four point method.
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The room temperature conductivity of these polycrys-
talline samples is 15 (Qcm)! Figure 1 shows the tem-
perature dependence of the resistivity of the poly-
crystalline sample (note the double logarithmic scale).
By cooling the sample down from room temperature
the resistivity decreases as in a metal. The metallic cha-
racter was confirmed by ESR measurements, where in
the temperature range 10-300K a more or less tem-
perature independent spin susceptibility was observed.
The absolute value of the susceptibility is +(4.6%
0.25)%x10"* emu/mole, a value which agrees well with
the one obtained for the crystals of a,~(BEDT-TTF) I3
£51.
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Figure 1: Resistivity versus temperature (double log-
arithmic scale) of a polycrystalline pressed sample of
o~ (BEDT-TTF),I,.
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Figure 2 shows the resistivity (normalized at 12K)
of the polycrystalline sample and of a crystal of oy~
(BEDT - TTF),l3 in the temperature range below 12K.
In both samples the onset of superconductivity in the
resistivity is found near 9K. In contrast to the crystal
of a,~(BEDT-TTF),l3the superconducting transition
in the polycrystalline sample is much broader. Zero
resistivity (within the experimental facilities) in the
polycrystalline sample is found at 2.2K, while in the
case of the crystals of a.-(BEDT-TTF);l3 zero re-
sistivity appears already at 6K.

In order to obtain information whether the supercon-
ductivity observed in the resistivity is a bulk effect of
the sample or not we measured the ac susceptibility
at a frequency of 3MHz with a field of about 0.2 Gauss.
Figure 3 shows the increase in resonance frequency of
the LC—circuit due to exclusion of the rf—field by dia-
magnetic shielding currents in the polycrystalline sam-
ple of a,-(BEDT-TTF);I3. There is a clear evidence
of an onset of diamagnetic shielding below 7K. This be-
haviour is in contrast to the observations usually made
in single crystals of organic superconductors, where
the temperature for the onset of diamagnetic shielding
is at the the temperature where the resistivity reaches
zero. Here in the polycrystalline sample the onset for
the diamagnetic shielding is far above the temperature
where the resistivity becomes zero. The signal (see
Fig. 3) which still increases on cooling to 2K corres-
ponds to about 50X with respect to that expected for
a perfect superconductor, indicating a clear bulk effect
of the superconductivity in the polycrystalline sample
of ay~(BEDT-TTF) ;1. Nevertheless, the large tempera-
ture range in which the frequency shift of the resonance
frequency is observed shows that an inhomogenous
distribution of superconducting transitions exist in the
sample. A similar broad distribution was already ob-
served in the case of the crystals of a- (BEDT~TTF),I3
and might be due to the annealing procedure during
the preparation of the oy—phase.
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Figure 2: Resistivity (normalized at 12K) of a polycrys-
talline sample of «y-(BEDT-TTF),;l3 as well as of
a crystal of a,-(BEDT-TTF),l3 in the temperature
range below 12K.
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Figure 3: Increase of the resonance frequency of an
LC—circuit (3MHz) due to exclusion of the rf--field
by diamagnetic shielding currents (ac susceptibility) in
a polycrystalline pressed sample of oy~( BEDT-TTF),lg
by cooling the sample from 10K down to 2K.
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Figure 4: Resistivity versus temperature of a polycrys-
talline sample of (BEDT-TTF),Cu{NCS),.

It should be mentioned that the preparation of pres-
sed polycrystalline samples by starting already with
powdered crystals of ay—(BEDT - TTF),I 3 does not lead
to superconductivity in the samples. This behavior is
due to a phase transition of the o.-phase under the
applied pressure during the sample preparation as will
be reported elsewhere [6]. In order to obtain super-
conductivity in the polycrystalline samples the prepa-
ration has to be started with powdered crystals of
o«-(BEDT-TTF) 313 and the pressed samples have to be
annealed. Samples prepared in this manner should not
be pressed again.

We have further prepared pressed samples of poly-
crystalline (BEDT-TTF);Cu(NCS)5. In the single
crystals of (BEDT-TTF),Cu(NCS), a relatively sharp
superconducting transition at 10.4K exists [7,8]1. The
transition temperature of 10.4K is the highest observed
Tc among the organic superconductors at the moment.
In addition the superconductivity in the single crystals
of (BEDT-TTF) ,Cu(NCS), is nearly a 100% bulk ef-
fect [8,91.
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The room temperature conductivity of the pressed
polycrystalline samples of (BEDT-TTF),Cu{NCS),
is with 15 (Qcm)™! only a little smaller compared to
the values of 20—60 (Qcm)™! observed in single crys-
tals of (BEDT~TTF),Cu(NCS),. Figure 4 shows the
temperature dependence of the resistivity of a polycrys-
talline pressed sample (size as above). Besides the fact,
that all the phase transitions observed before in the
single crystals [8] can be found now in the resistivity
characteristic of the polycrystalline sample much more
pronounced, the resistivity starts again to decrease be-
low 11K, the onset temperature for superconductivity in
the single crystals of (BEDT - TTF),; Cu(NCS),. Never-
theless, here in the polycrystalline sample the resistivi-
ty does not become zero, in fact at 1.3K the resistivity
is still larger than at room temperature. The measure-
ment of the ac susceptibility in the polycrystalline sam-
ple did show an onset of diamagnetic shielding below
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10K, but at 2K less than 1% of the sample was affec-
ted. In the moment it is not clear why the polycrystal-
line sample does not show bulk superconductivity as
the single crystals. It might be, that due to the pulver-
ization of the crystals of (BEDT-TTF),Cu(NCS), or
due to the pressure during the preparation of the sam-
ple paramagnetic centers are produced and therefore
the superconductivity is suppressed.

In conclusion, bulk superconductivity at ambient
pressure exists in polycrystalline pressed samples of
a,~(BEDT - TTF),l 3, while in the polycrystalline sam-
ples of (BEDT-TTF),;Cu(NCS), such a bulk effect
could not be observed.

The construction of a squid from polycrystalline
pressed «,-(BEDT-TTF),l3 is under progress.
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