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We have observed volume superconductivity in p-(BEDT-TTF) 213 (p-bis-ethylenedithiolo-tetra-

thiafulvalene-triiodide) at ambient pressure with a diamagnetic transition temperature of 1.03 +0.02 K.

Recently Yagubskii et a/. ' reported a superconducting
(SC) transition in the organic conductor p-(BEDT-TTF)2I3
at ambient pressure, with a transition temperature of 1.45
K. In the similar compound (BEDT-TTF)2Re04, Parkin
et al. had reported on a superconducting transition under
pressure (4 kbar) with a transition temperature of 2 K. To-
gether with the Bechgaard salt (TMTSF)2FSOs, which was
reported to superconduct below 2.3 K under a pressure of 6
kbar, these are the highest resistively observed supercon-
ducting transitions in organic conductors so far. Recent in-
vestigations by us on the FSO3 salt' sho~ed, however, that
superconductivity in this crystal is not a volume property:
When measured inductively by means of diamagnetic
screening currents or by means of the Meissner effect (mag-
netic flux expulsion on cooling below T, ), we find that less
than 2% of the crystal volume is superconducting and that
the diamagnetic transition temperature is 1.5 K. Thus, tran-
sitions to small or zero resistivity do not yet prove volume
superconductivity.

Our (BEDT-TTF)2I3 salt was prepared by electrochemical
methods. Plateletlike crystals were identified as the a
phase. An investigation of its properties as a function of
pressure revealed that the metal-insulator transition at 135
K could be practically suppressed above 15 kbar. Semime-
tallic behavior was then observed in the helium temperature
range with no superconductivity. down to 0.1 K.

Recently, Yagubskii et al. reported the synthesis of
several other modifications of this salt, ' some of which
showed resistively observed superconducting transitions
below 1.6 and 2.5 K. In our preparation of n-(BEDT-
TTF) 2I3 using tetrahydrofurane as a solvent, 6 7 we always
noted the simultaneous formation of canted rhombohedrons
of the p phase.

To search for volume superconductivity in these p-phase
crystals, we have looked for diamagnetic screening currents
and for the Meissner effect with both ac as well as dc tech-
niques. The ac technique consists of a tank circuit oscillat-
ing at 42 kHz which is driven by a tunnel diode (GE BD-4)
located in the helium bath of the cryostat. For maximum
sensitivity, the oscillator coil is small (0.8 mm inside diame-
ter, 1.0 mm outside diameter, length 5 mm) to accommo-
date the small crystal samples (typical dimensions

0.5x0.5x0.2 mm3) and to yield a good filling factor. The
dc technique consists of an inductance bridge with a super-
conducting quantum interference device (SQUID) null
detector, as described before. " The two inductance arms of
the bridge, which contain the sample and a tin reference
sample, respectively, can, at a low temperature of 0.1 K, be
loaded with supercurrent, creating measuring fields between
0.005 and 50 Oe. The temperature can then be raised to-
wards T, and the decay of the SC screening currents can be
observed by corresponding changes in the SQUID sensor
current. The samples are actually mounted on an axis
threading the two inductance coils of the bridge and can be
rotated by means of a mechanism while they are cold. This
dc technique has been employed before on other organic su-
perconductors to detect even minute fractions of volume su-
perconductivity (also in samples under pressure). '2 The
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FIG. 1. ac susceptibility of P-(BEDT-TTF)213 as a function of
temperature in zero magnetic field.
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length, which is expected to be largest in the ab plane and
smallest in the c' direction, i.e., normal to the layers of the
cation stacks. With the field in the ab plane, the magnetic
vortices in the type-II state are thus smallest and are ap-
parently more easily pinned by imperfections, leading to a
small Meissner effect. Similar behavior was seen, e.g. , in
(TMTSF) 2CIOq (Ref. 12).

Our observations thus leave no doubt that P-(BEDT-
TTF)2I3 is an ambient pressure volume superconductor.
When comparing the n and P phases of this compound, we

find that in the former, the cation rnolecules on neighboring
stacks are tilted against one another, whereas in the latter
they are not. The latter structure (the P phase) thus actual-
ly resembles that of a Bechgaard salt. The question as to
what causes the inhomogeneity in T„which leads to a resis-
tance drop before the onset of diamagnetic screening
currents, remains to be answered.

This work was supported by the Stiftung Volkswagenwerk
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