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Conducting reticulate doped polymeric films containing BEDT-TTF
iodide crystalline networks have been annealed in order to transform the
crystallites into crystal phases with metallic conductivity. The microwave
conductivity of these films was measured before and after annealing. The
temperature dependence of the conductivity changes dramatically with op-
timal annealing temperatures and times. This change in the behavior cor-
responds to the transformation of the a-phase into the superconducting
a t-phase observed in (BEDT-TTF)2I3 single crystals.

PACS numbers: 72.80.Le, 72.60.+g, 78.70.Gq

1. Introduction

Conducting polymeric materials have been prepared by reticulate doping [1].
A small amount (Ń 2 wt.%) of an organic conducting salt or complex forms a
continuous network of crystallites in the polymer matrix during the casting pro-
cess. In addition, a special casting technique yields conducting polymers with high
anisotropy of the conductivity [2, 3].

Recently conducting reticulate doped polymer films have been prepared con-
taining a low amount of organic salt crystallites, which are transformed into su-
perconducting phases by annealing [4]. Such superconducting polymer films are
very interesting due to their potential applications. In the present paper the mi-
crowave conductivity in dependence on annealing temperature and annealing time
is discussed. Parallel to these investigations absorption spectra of these films were
measured in the VIS and NIR range [5].
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2. Experimental
During casting an amount of 2 wt.% of BEDT-TTF is molecularly dispersed

in polycarbonate films about 20 µm in thickness [4]. Then one surface of the
film is exposed to solvent/iodine vapour. In the swollen film the BEDT-TTF
molecules become movable. In a small layer below the film surface reaction between
BEDT-TTF
and iodine takes place forming a thin conducting layer (thickness 5 pm) contain-
ing tiny microcrystals of BEDT-TTF polyiodide salts. Annealing at 100°, 110°,
120°, and 130°C with several annealing times are applied to these films in order
to transform the BEDT-TTF polyiodide crystallites into other crystal phases with
metallic conductivity or even superconductivity (e.g. α t-phase, β*-phase) [4, 6].
In single crystals the α-phase could be transformed into the α t-phase due to the
thermal treatment

The well-known phase transition at 135 K of the α-phase then disappears and the
new phase becomes superconducting at 6-8 K [7, 8].

The microwave measurements were carried out in a cylindrical cavity, work-
ing in the TM010 mode at 10.2 GHz applying the perturbation technique [9, 10].

3. Results and discussion
Without annealing the microwave conductivities of these films at room tem-

perature are about 4-8x10 -1 (52 cm) -1 . Betweeen room temperature and 150 K
there is a weak and below 150 K a strong decrease in the conductivity (three orders
of magnitude) to 1 x 10 -3 (S2 cm) -1 at 4 K (see Fig. la). The curves are similar to
those measured on the pressed polycrystalline samples of α-(BEDT-TTF)2I3 [10].
But in contrast to the sharp decrease at 135 K in single crystals [11], the transition
in our case and in the pressed samples is broadened and shifted to higher temper-
atures, obviously because of the fine grain crystal structure. This corresponds —
though in a weaker form — to the known sharp phase transition of single crys-
talline α-(BEDT-TTF)2I3 at 135 K. Thus we suggest that the conductivity in
unannealed films is governed by the α-phase. Activation energies in this transition
region (150-4 K) are 10-73 meV.

Similar to annealed single crystals the conductivity of these polymeric films
changes dramatically due to the thermal treatment. In order to investigate the
transformation from the α-phase into the α t-phase in this case, stepwise annealing
was applied to the same sample. After every annealing procedure the microwave
conductivity was measured.

Figure la summarizes results for stepwise annealing. The room temperature
conductivity decreases with longer total annealing times, while the low tempera-
ture conductivity increases, so that the behavior of these films become metallic
over the whole temperature range. All curves are intersecting in an isoconductive
point at ca. 100 K. Therefore (similar to [10]) the assumption could be made that
the O min. curve corresponds to the α-phase and the extremal curve (24 min.) to
the α t-phase, respectively. Then all curves in between are due to a mixture of the
two phases. The volume fraction of this two-component system in dependence on
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the annealing time increases steeply and linearly indicating that there is no con-
siderable threshold for the transition (in contrast to the sigmoid character found
for pressed polycrystalline samples [10]).

Annealing for 5 min. at 110°C without interruption results in a complete
transition into the metallic state.

Figures lb to 1d show the results of annealing processes without interruption
in dependence on different annealing temperatures and times. As one can see in
Fig. lb, an annealing temperature of 100°C is too low for a complete phase trans-
formation into the αt-phase; there are only very small changes in the conductivity
even for a long annealing time of 30 min.

Figure lc shows the results of an optimal annealing temperature of 120°C.
In the time range 1 to 3 min. intermediate stages could be reached. After only 4
or 5 min. of annealing the transformation into the new α t-phase is complete.

At annealing temperatures of 130°C (see Fig. 1d) the transformation into
α t-(ET)2I3 takes place only after 15 s of annealing. So it is not possible to reach
intermediate stages of the transforming process like at 120°C.
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