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A study of low energetic modes in the resonance Raman spectra of
the organic superconductors a;-(BEDT-TTF),Is (Tc = 8 K) and g-(BEDT-
-TTF)2IAul (Tc = 4 K) in the temperature range of 1.5-100 K was per-
formed. In both materials, a strong vanishing of low energetic phonon bands
(at 30 cm™! and 40 cm™! for a;-(BEDT-TTF).Is and at 27 cm™ and
33 cm™! for B-(BEDT-TTF).IAul) below Tc was observed. For the sym-
metric stretching mode of the Iy and the IAul~ anion at 120 cm™ no
change below T, was found. In addition, wavelength dependent measure-
ments on a-(BEDT-TTF),I; were performed, indicating that the modes
around 30 cm™! are probably librational modes of the BEDT-TTF molecules.

PACS numbers: 74.70.Kn, 78.30.—j

1. Introduction

The organic superconductors with the highest transition temperatures are all
radical salts of the donor bis(ethylene-dithio)tetrathiafulvalene (BEDT-TTF). Ra-
man spectroscopy is a useful tool to understand the nature of the superconducting
mechanism in these compounds, because it is based on the electron-phonon inter-
action and therefore is able to probe sensitively both the phonon and the electronic
subsystems and their coupling. In conventional [1] and high-T; superconductors
(e.g. [2]) Raman spectroscopy is often used to determine the superconducting gap
through the change in the phonon structure on going from the normal to the su-
perconducting state due to the interaction of the phonons and the superconducting

gap.
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Recently, in Raman spectra of a¢- and f-(BEDT-TTF),I3 by cooling down
the crystals from the normal metallic state into the superconducting state, a weak-
ening and shift of low frequency optical phonons around 30 cm~! as well as a strong
decrease in the background was observed [3, 4]. As an explanation, in Refs. [3]
and [4], a phonon-superconducting amplitude mode interaction in terms of the
Balseiro-Falicov model [5] was proposed. In order to clarify several open ques-
tions, more extended measurements were made on a;-(BEDT-TTF),I3 as well as
on another organic superconductor, 8-(BEDT-TTF),IAul.

2. Experimental

Raman measurements on single crystals of a-(BEDT-TTF);I3 and
B-(BEDT-TTF),IAul were made in a 90° scattering configuration using several
lines of an argon-ion laser and a krypton-ion laser. In contrast to [3, 4], in the mea-
surements described here, the angle between the crystal surface and the scattered
radiation was only about 20°, while in Refs. [3] and [4] this angle was 45°. The
measurements at 1.5 K were performed in a liquid helium bath cryostat, all others
in a continuous flow-cryostat. The laser beam was filtered with a monochromator
and an additional interference filter to suppress plasma lines. A Spex 1404 double
monochromator with a space filter was used to disperse the scattered radiation.
The power of the laser beam was kept below 35 mW and not completely focused
in order to prevent sample damages and laser heating. The ay-(BEDT-TTF),I3
crystals were prepared from a-(BEDT-TTF),lI3 crystals by tempering for 16 h at
95°C. The intensity of the symmetric stretching mode of the I3 and the TAul~
anion at 120 cm~! was maintained at a constant.level during the temperature
measurements in order to normalise the spectra.

3. Results and discussion

Figure 1 shows the low energetic part of the Raman spectrum of a;-(BEDT-
-TTF);15 above and below T, = 8 K similar to the observations of [3, 4].

In our results here, on going from the normal conducting phase to the su-
perconducting phase, we found a similar strong decrease in the intensity of the
phonon bands at 30 cm~! and 40 cm~1, but only a weak decrease in the intensity
of the background. In the normal conducting phase between 10 K and 100 K, no
further change is observed.

The fact that the decrease in the intensity of the background in these mea-
surements here is weaker might be due to the transformation of the crystals from
the a- to the ai-phase by tempering or, more likely, due to the different angle
between the crystal surface and the scattered radiation.

In order to prove whether this decrease is real or not, additional measure-
ments on f~(BEDT-TTF),IAul were performed.

The low energetic part of the Raman spectrum of superconducting single
crystals of §-(BEDT-TTF),IAul at T = 1.5 K is shown in Fig. 2. This spectrum
is similar to those reported by Swietlik et al. [6].

It consists mainly of the symmetric stretching mode of the IAul~ anion at
120 cm~! and very weak bands around 40 cm~! and 100 cm™!.
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Fig. 1. Low energetic part of the Raman spectrum of a-(BEDT-TTF).I5 above and
below T, = 8 K (excitation A = 457.9 nm).
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Fig. 2. Low energetic part of the Raman spectrum of superconducting S-(BEDT-
-TTF)2IAul single crystals (excitation A = 457.9 nm).

However, in the normal conducting phase at T' > T = 4 K (see Fig. 3 at
50 K) in the best resolved spectra two lines at 27 cm~?! and 33 cm~! are observed,
while in the superconducting phase at T < T, = 4 K (Fig. 3, middle at 1.5 K),
a strong weakening of these bands can be seen and a small suppression of the
background occurs (Fig. 3, bottom). The very weak structure around 48 cm™! is
probably due to a plasma line of the argon-ion laser, working at 457.9 nm.
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Fig. 3. Low energetic part of the Raman spectra of 8-(BEDT-TTF),IAul single crystals
above T (top), below T; (middle) as well as both together (bottom) (excitation A =
457.9 nm).

No change occurs in the Raman spectra of the normal phase between 10 K
and 50 K and for the symmetric stretching mode of the IAul~ anion at 120 cm~!
in the whole temperature range between 1.5 K and 50 K.

According to tunnelling data of Hawley et al. [7], the superconducting gap
is in the same energy range as the vanishing bands while in the tunnelling data
of Nowack et al. [8] a much smaller value for the gap was reported. The reason
for this difference might be due to a strong anisotropy of the gap in g-(BEDT-
-TTF),IAul [8]. Therefore, as in o -(BEDT-TTF);l3, an interaction between the
gap and the low energetic phonons around 30 cm~? is probably the reason for the
change in the phonon structure below Tt..

To clarify the origin of the modes around 30 cm™!, we performed addi-
tional measurements with different excitation wavelengths on the semiconducting
a-(BEDT-TTF),I3 phase at T = 20 K. '

The Raman scattering of the symmetric stretching mode of the I anion has
a resonant character with its maximum at an excitation at 488.0 nm. For a fixed
excitation wavelength, no temperature-dependent change in the spectra occurs.
However, the relative intensity of the band at 30 cm~1 compared to the band at
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Fig. 4. Low energetic part of the Raman spectrum of a-(BEDT-TTF)213 at T =20 K
for different excitation lines, all measurements except the spectrum for A = 488.0 nm
are scaled as indicated.

120 cm~! undergoes a drastic increase on going to longer excitation wavelengths
for a fixed temperature (Fig. 4). In our opinion, this indicates that the mode at
30 cm™! is not a librational mode of the I3 anion but maybe an external mode
of (BEDT-TTF)-I3, also seen in IR measurements [9] or a librational mode of the
BEDT-TTF molecules, as pointed out in [3]. Due to the fact that the spectral
region of the vanishing bands is close to this mode, the origin of the low lying
bands in both superconducting materials might be the same as for the mode at

30 cm~! in a-(BEDT-TTF),Is.

3. Conclusions

In our experiments, we observed a strong weakening of low frequency phonons
at about 30 cm~! and 40 cm™~! in a;-(BEDT-TTF),13 and at 27 cm~! and 33 cm™1
in B-(BEDT-TTF)IAul below T in the superconducting state due to an inter-
action between some phonons and the superconducting gap. The origin of the
vanishing bands might be an external mode of (BEDT-TTF)-I3 or a librational
mode of BEDT-TTF. The fact that the reduction of the background scattering
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in our measurements is weaker than in Refs. [3, 4] might be due to the different
scattering angle, used in our experiments here. Further experiments are necessary
to clarify this question.
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