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Abstract. Some physical properties of the organic superconduc-
tors with the highest transition temperatures are presented. In
addition the influence of small structural changes on the super-
conducting transition temperature is discussed. Finally bulk su-
perconductivity in polycrystalline pressed pellets of organic me-
tals is reported.

1. Introduction

In 1980 superconductivity in an organic metal was observed for
the first time [1]. Today about 35 different organic metals are
known which become superconducting under pressure or ambient
pressure. The organic superconductors with the highest transition
temperatures are all radical salts of the donor bis(ethylenedithio-
lo) tetrathiofulvalene (BEDT—TTF), which are at ambient pressure
(BEDT-TTF),Cu(NCS), (Tc=10.4K) [2]1and a - (BEDT-TTF) 515
(Te= 8 K) [31] and under isotropic pressure By -(BEDT-TTF),l3
(0.5 kbar, T.= 7.5 K) [4.5].

In the following some of the structural and physical properties
of single crystals of the above-mentioned organic metals are
discussed briefly. In the second part a few new results and ob-
servations such as bulk superconductivity in polycrystalline
pressed samples of the same materials are presented. The latter
observation is remarkable since it shows that organic supercon-
ductors can be used in principle also for applications such as
the preparation of electronic devices (SQUIDS) and might even
be suitable for the preparation of superconducting cables. In
addition it indicates that the observation of superconductivity in
organic polymers should be possible as well.

2. Properties of Single Crystals

(BEDT-TTF),Cu(NCS), is a typical quasi two-dimensional or-
ganic metal. The two-dimensional behaviour is due to conducting
sheets of dimerised BEDT-TTF molecules which are separated
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by non-conducting anion layers. In the BEDT-TTF sheets the
dimers are nearly orthogonally arranged with respect to each
other [2] and the dimers do not form the usual face to face piling
along the stacking axis. The latter property increases the two-
dimensional character of the molecular network. An important
property of (BEDT-TTF),Cu(NCS), is that the crystals show
- compared to other organic superconductors - a relatively sharp
transition into the superconducting state. This is observed not
only in resistivity [2,6] but also in the ac-susceptibility measure-
ment [6] and in the Meissner effect [2,7]. The two latter methods
have shown that superconductivity in (BEDT-TTF),Cu(NCS),
is a nearly 100 % bulk effect. Measurements of the upper critical
fields have demonstrated the typical quasi two—dimensional
character of the crystals [8,91]. It could be shown that at tempera-
tures below 4 K the superconducting properties can be described
best in the picture of layered two-dimensional superconductors
as first reported by Klemm et al. [10]. This picture of layered
two- dimensional superconductors is valid for the high Tc copper
oxide superconductors as well and demonstrates the similarities
of the structural principles of both classes of materials. These
similarities will be discussed in the following in more detail
for the example of the organic superconductor o,~(BEDT-
TTF),15.

Crystals of a,-( BEDT-TTF),l5 are quasi two-dimensional organ-
ic metals as well which have a stable superconducting state at
8K and ambient pressure [3]. The crystals can be prepared by
annealing crystals of a-(BEDT-TTF),I; above 70°C for several
days. resulting in a structural phase transition. The structure of
a.=(BEDT-TTF)5l5 is very similar to that of crystals of
B-(BEDT-TTF),l3 as was shown by several spectroscopic
methods [3.11.12]1. Nevertheless, the exact structure is not known
yet due to the fact that after the structural transformation the
mechanically still very stable crystals have a mosaic type of
architecture so that a detailed crystal structure investigation by
X-ray has not been possible up to now. The mosaic-type arrange-
ment is a result of strong stress during the transformation be-
cause the structures of a-(BEDT-TTF)5l5 and B-(BEDT-TTF),I;
are quite different from each other. Nevertheless, the unit cell data
of B=-(BEDT-TTF)5l5 and a,~(BEDT-TTF),I; and the arrange-
ment of the molecules are the same. On the other hand the struc-
ture of a,-(BEDT-TTF),l; cannot be exactly the same as in B-
(BEDT-TTF)5l5 (or more correctly as in By-(BEDT-TTF),l3 ),
since Byy~-( BEDT-TTF) I3 has only a metastable superconducting
state at 8 K while crystals of a,~-(BEDT-TTF),I3; have a stable
superconducting state at this temperature. The difference in the
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two structures exists probably only in the ordering of the
terminal ethviene groups of the BEDT-TTF molecules. While in
Bu—(BEDT-TTF),I3 all the terminal ethylene groups have the
so-called staggered form [13], in the crystals of a.,-(BEDT-
TTF),13 these groups might have the so-called eclipsed form or
even more plausibly they might be ordered as in the a-phase,
where both forms of ordering exist in neighbouring stacks [14].
That means that very small changes in the structure such as a
different ordering of the terminal ethylene groups might be
responsible for the fact that the material has a stable or meta-
stable superconducting state.

From the measurements of the upper critical fields of crystals
of a,-(BEDT-TTF),l5 it can clearly be seen that for the
region T/Te»> 0.65 (T =8K) the crystals behave as isotropic
three -dimensional superconductors, since for the magnetic field
perpendicular and parallel to the c*-axes the upper critical
fields are identical. In the region 0.45 {T/T<< 0.6S an anisotropic
three-dimensional behaviour is found while for T/T<< 0.45 the
material can be described in the picture of typical two-dimensional
layered superconductors [10]. By applying the anisotropic effective
mass model of the Ginzburg-Landau (GL) theory the coherence
lengths £,(0)=2120 A and £,(0) = 20 A and the London penetration
depths X;(0) = 4300 A and X,(0) = 750 A were obtained. However,
since the anisotropic GL theory is only valid sufficiently close
to Tc. these values can give only the right order of magnitude.
Nevertheless. the value of £,= 20 A is comparable to the unit cell
dimension in the c-direction. In addition 13C-NMR investigations
[12.15] indicate that £, might even be only between 6 and 10A
since it was shown that the spin density (and therefore to
some degree the charge density) is mainly located on the
middle part of the BEDT-TTF molecules. This means that the
thickness of the superconducting layer is of the order of the
length of the BEDT-TTF molecules, supporting the picture of
the Josephson coupled two-dimensional layered superconduc-
tors as described by Klemm et al. [10].

As pointed out before, a close similarity exists between the or-
ganic superconductors and the high-T. copper oxides. In both
materials short coherence lengths of the order of the size of
the unit cell and large London penetration depths exist. These
properties are due to the typical quasi two-dimensional electronic
conditions and structural arrangement. Certainly, in the case of
the organic superconductors minor changes and differences in the
structure, for instance a different ordering of the terminal
ethylene groups of the BEDT—TTF molecules or a different sym-
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metry of the anions, might strongly influence the superconducting
transition temperature. On the other hand such small variations
in the structure of the organic materials open up the chance to
obtain a larger number of materials with different transition
temperatures into a superconducting state and variation of these
structural parameters might be a way of obtaining higher tran-
sition temperatures in the case of the organic materials as well.

Nevertheless, a major difference exists between samples of the
high T_ copper oxide materials and the organic superconductors.
The former are usually polycrystalline or granular and single
crystals are difficult to obtain; in the latter case all physical
investigations were done on single crystals. The electro-
chemical preparation of these organic metals results in single
crystals suitable for physical investigations. But since the
organic superconductors have very short coherence lengths as
well, it should be possible to prepare pressed samples from
polycrystalline organic metals ~ as in the case of the "ceramics”
- which should exhibit bulk superconductivity.

3. Properties of Polycrystalline Pressed Pellets of Organic Metals

Polycrystalline pressed samples of size 4x1x0.5 mm3 were
prepared from grained single crystals of the organic metals o,
and B-(BEDT-TTF),l; by applying a pressure of (3-10)-10°
kg/cm? to the powder. The samples thus prepared are mechani-
cally very stable and the temperature dependence of the resistivity
can be measured easily by the usual four point method.

In the case of pressed samples prepared directly from a.~(BEDT-
TTF),I5 no bulk superconductivity could be found. On the other
hand in these samples a metal- like behaviour was observed over
the whole temperature range between 300 and 1.3 K. This fact is
at least worth noticing since usually in polycrystalline pressed
pellets of organic conductors only a semiconducting behaviour is
found ( this is specially valid for quasi one-dimensional materials).

Since from the single crystal investigations it was known that
small changes in the structure might suppress the superconduc-
tivity, it was assumed that during the preparation of the poly-
crystalline pellets of a,-(BEDT-TTF),I3 under pressure phase
transitions might occur. Therefore, newly prepared pellets of
a,-(BEDT-TTF),l; were annealed for 3 days at 75° C before
the samples were provided with contacts and measured. After
this procedure a superconducting transition could be observed, but
compared with the crystal of a,-(BEDT-TTF)5,lI3 the supercon-
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ducting transition in the polycrystalline sample is much broader
[16]. Zero resistivity is found at 2.2K and the middle of the tran-
sition appears at about 5.5 K, while in the case of the crystals
of a,=(BEDT~-TTF),I5, zero resistivity appears already at 6 K and
the middle of the transition occurs at 8K [31].

The most surprising observation was made by measuring the tem-
perature dependence of the resistivity of polycrystalline pressed
samples of B~(BEDT-TTF),l3 (in the following called B ;-(BEDT-
TTF),13) [17]. Without annealing the samples showed an onset
to superconductivity at 9K, zero resistivity at 3.2K and the middle
of the resistive transition at 7.5K [17]1. This observation is sur-
prising because single crystals of B-(BEDT-TTF),I; show a
rather sharp stable superconducting transition but only at 1.4 K
[18] and a metastable superconducting state at 8 K [19, 201.
Here in the polycrystalline pressed pellets of 3 ~(BEDT-TTF)5l,
the superconducting state at 7.5K is stable and a bulk effect of
the pellets [171].

The resistivity characteristics of the polycrystalline pressed pellets
of B,-(BEDT-TTF)5,l3 [17] indicate that the detailed structure
of B5-(BEDT-TTF) 13 is different to the one of the polycrystalline
pressed a,~-(BEDT-TTF),l; and different to the single crystals
of B-(BEDT-TTF),l3, even if the unit cell data are identical
and the molecular arrangement in the materials might be very
similar. A possible difference might lay again in the ordering
of the terminal ethylene groups of the BEDT—TTF molecules (we
assume at the moment that all ethylene groups are ordered in the

eclipsed form).
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