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Abstract

The optical spectra of the organic superconductor ~4ET)#F~CHzCF2S03 are measured over a wide spectral range (30-35000 cm-’)
as a function of temperature and polarization. The optical ttnisotropy is quite large compared with other ET-based organic
superconductors, and the spectra are far from Dtude-like over the full temperature range. A broad electronic band centered near 1000 cm-’
is observed at low temperature along the a axis, prior to the superconducting transition. The changes of vibrational features near 120 K
are attributed to a weak reorientation of the counterion, which may affect hydrogen bonding in the material.
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1. Introduction

~-(ET)zSFjCHzCF2SOJ (here, ET is bis(ethylenedithio)-
tetrathiafulvalene) is a new organic superconductor (TC=5 K),
which has been synthesized in an attempt to sewch for novel ET-
based superconductors by using large discrete counterions [1,2].
The strategy of incorporating large, chemically tunable anions is
advantageous here, as it allows us to explore the effect of inter-
molecular interactions on the physical properties. In the case of
the title compound, many short contacts between ET hydrogen
atoms and the anion are formed. These short contacts are likely
responsible for the ~-packing motif of molecules in the crystal
as well as the stabilization of the superconducting ground state.

The crystal structure of ~-( ET)zSF~CHzCF2SOJ contains
conducting ET cation layers alternating with anion layers. The
ET molecules form loose stacks along the a-axis, with the
strongest intermolecular contacts between molecular stacks,
which is the b-direction [1]. The electrical and magnetic
properties have been reported to display a weak metallic behavior
down to 6 K, with the limiting value of poc depending on sample
quality. Despite interest in this new class of tunable materials
from the organic solids community, (3’’-(ET)2SF~CH2CF2S0, is
unexplored by optical techniques.

In order to provide further information on the nature of the
electronic and vibrational processes in this new material, we have
investigated the polarized infrared and optical response of ~-
(ET)ZSF$CHZCF2S03 as a function of temperature. The overall
goal of this work is to provide a microscopic characterization of
the low temperature ground state and to correlate the physical
properties of this slate with the chemical structure.

2. Experimental

Single crystals of ()’’-(I: ”I”)2SI:,CI i2C1’2S01 were grown al

Argonne National Laboratory [1], and they are elongated plates.
Polarized infrared reflectance measurements were performed with
a Bruker IFS 113V FTIR spectrometer (30-5000 cm-’), using a
He-cooled bolometer in the far-infrared region (30-650 cm”’).
The spectra in the optical regime were measured on a Perkin-
Elmer Lambda-900 spectrometer (4000-35000 cm-’). Standard
polarizers were used to cover the aforementioned energy ranges.
Temperature control was achieved with art open-flow cryostat
system. An overcoat of Al was used to renorrrtalize for the mosaic
nature of the sample. The wide frequency range of the
measurement allows us to make a Kramers-Kronig analysis to
obtain the optical constants of the material.

3. Results and Discussion

The infrared reflectance at room temperature is consistent
with the ~ crystal structure and the response is similar to other
known (Y’-type ET crystals [3,4]. The reflectance in the b-
direction (interstack) is significantly larger than that in the a-
direction (stack), and shows a well-defined plasma edge. At 300
K, we estimate toP-4720 cm-’. Optically, this material is quite
anisotropic, where= microwave conductivity (measured from
ESR) shows an anisotropy of @J~=l.4 [5]. Overall, the optical
spectra are far from a Drude-like metallic response, in agreement
with the fairly low DC conductivity.

Fig. I shows the frequency dependent conductivity of P-
(ET)2SF5CHzCF#03 //b at four tcmpera{urcs obtained by
Kramers-Kronig analysis of the measured reflectance spectra. The
broad maximum in the 300 K optical conductivity near 2000 cm”’
can bc assigned either [o the interband transition (associated with
the dimerization) or to a corrcla~ion-induced effect. It is notable
that, compared with other fY’-s~Its, lh~ Uni[ CCII a[ong b is
doubld. hcncc there may bc a weak dlm~ri~a~ion in the b
direction ‘1’hcconductivity builds Up in[cnsity around 1000 cm-’
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Fig. 1. Conductivity spectra polarized parallel to the b-axis.

with decreasing temperature, and a sharp drop is observed in
c(rD) at low frequency.

Both DC and frequency dependent conductivity
measurements show that ~-(ET)2SF5CH2CF2S03 is a poor metal
in the temperature range close to TC,in contrast to other ET-based
organic superconductors. In other materials, a pronounced
metallic response is typically observed at low temperatures [6].
Thk unusual “normal” state may result from the relatively strong
anisotropy and electron correlation in ~-(ET)zSF~CH2CF2S03
which makes the system rather close to a Mott insulator.
Therefore, a competition between antiferromagnetic and
superconducting ground states may exist above the
superconducting onset. These results are not explained by
electronic band structure calculations, which predict that this
compound is a metal with both 1D and 2D Fermi surfaces [1,7].

It should be mentioned that the vibrational features in the //b
direction are very weak due to structural and screening effects.
However, vibrational features show up clearly in the chain
direction (//a), as shown in Fig. 2, consistent with the crystal
structure which contains dimerized ET molecules in a face to face
fashion in this direction. The strong peaks at 1258 and 850 cm-t,
and several weaker ones around 600 cm-l, do not change much
with temperature except for the usual narrowing at reduced
temperature. Therefore, they are assigned to anion vibrations.
Apart from the anion modes, the major infrared features are
vibronically activated, and they are mainly located at 1350 cm-’
(v,(a~), very broad), 890 cm-’(v.g(bzu)) and 439 cm-’ (vlo(a~)), as
found in other ET salts [6].
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Fig. 2. Conductivity spectra (lb) in the far to middle infrared,

With decreasing temperature, the vibronic b~ds gradually
increase in intensity and nmow, indicating a mom distorted
lattice or stronger electron Iocali=tion. There is a somewhat
sharperchangeacross- 120Kin the vibralionspectr%where the
line shapes become asymmetric, the vibronic binds become
stronger, and the center of the broad v3(sJ band shifk slightly to
lower frequency.In addition,several new featuresappear at 1170
and 1270cm”’near 120 K (inset of Fig. 2), wldchare assigned to
the out-of-plane CHmode v6Ab3.)~d the vibronicallyactivated
CH bending mode v$(aJ, respectively. Moreover, a CH
stretching mode at 2985 cm-l (inset of Fig. 1) is observed in the
b-direction (vM(b2u)?),which is absent at high temperatures. It
also emerges and starts to increase in intensity below 120 K in a
non-monotonic way. These H-atom based vibrational modes are
sensitive to the hydrogen bonding between ET molecules and
anions, and taken together, their appearance at low temperature is
indicative of a subtle charge redistribution around the H-atoms in
the ET molecules within the crystal. Therefore, our findings
suggest the crystal undergoes a second-order structural phase
transition around 120 K, which is probably related to the
reorientation of anions. The correlation between this structural
change and occurrence of the superconductivity is not yet known,
but clearly the low temperature phase is the “parent phase” of the
superconductivity.

4. Conclusion

We have measured the infrared and optical reflectance of the
first fully organic superconductor (1’’-(ET)2SFjCHzCF+S03. It
displays a non-Drude and quite anisotropic optical response over
the full temperature range of our investigation. Vibrational
features indicate a weak structural reorientation near 120 K.
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