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Rapid Note

On the Fermi surface of some organic superconductors
with sizeable critical temperatures
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Abstract. Recent studies of the Fermi surface of quasi-two-dimensional organic conductors comfort the idea
that the presence of a van Hove anomaly near the Fermi level is a favourable factor for superconductivity.

PACS. 74.70.Kn Organic superconductors – 74.25.Jb Electronic structure

Beckmann et al. [1] have recently reported measure-
ments of the Fermi surface of an organic superconduc-
tor with a fairly high Tc: β

′′−(ET)2SF5CH3CF2SI3 (Tc '
5.2 K). The study shows the presence, in this quasi-two-
dimensional compound, of fairly small pockets of rather
free holes (Fig. 1). This agrees with the prediction of
band structure computations [2], where the small pockets
are due to the interaction of large interpenetrating Fermi
cylinders of nearly free electrons. As usual in such cases,
the interaction between cylinders replaces the branches
AA′ and BB′ of the intersecting and nearly circular sur-
faces by a topology AB and A′B′ where closed holes pock-
ets and parallel cylinders with wavy indefinite sections al-
ternate. The computed band structures and the smallness
of the interaction point however to the presence, at an en-
ergy near to the Fermi level, of a van Hove anomaly where
two branches such as AA′, BB′ actually cross each other.
When the energy moves further away from the Fermi level,
the topology of the interaction changes to AB′ and A′B,
leading to couples of large electron loops.

It was already pointed out [3] that a similar van
Hove anomaly presents itself near the Fermi level of the
quasi-two-dimensional organic superconductor with one of
the highest observed Tc ((BEDT-TTF)2Cu(NCS)2, with
Tc ' 10.4 K, cf. [4,5]). Finally a recent study of the two
high temperature phases of a third quasi-two-dimensional
organic superconductor with more modest Tc ((BEDO-
TTF)2ReO4H2O, with Tc ' 3 K ± 0.5 K, [6]) exhibits
very similar pockets at Fermi level: due to small interac-
tions of intersecting cylinders with elliptical sections; they
lead again to van Hove anomalies not far from the Fermi
level.

The presence of such a quasi-two-dimensional van Hove
anomaly near the Fermi level has also been observed in
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Fig. 1. Fermi surface of β′′−(BEDT-TTF)2SF5CF2SO3 (after
Ref. [1]).

most high Tc oxide superconductors [3]. And it has been
repeatedly pointed out that, in a classical weak coupling
BCS situation, the peak in the density of electronic states
associated with the van Hove anomaly can lead to sub-
stantial values of Tc if the Fermi level is near enough to
the peak of the van Hove anomaly [7–9].

Indeed, for s coupling, the mean field (two-
dimensional) superconductive temperature T2 is given by

2
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∫ EF+kBTD

EF−kBTB
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)
n(E)

dE
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leading to a maximum value of T2 for EF at the van Hove
anomaly, where the density of states n(E) has a logarith-
mic infinity. V is here the coupling responsible for super-
conductivity and TD the Debye temperature. T2 is actually
higher than the real (three-dimensional) critical tempera-
ture Tc, due to the fluctuations of the (2d) order param-
eter. However as soon as the 3d couplings are sizeable,
these fluctuations are much reduced and do not influence
the order of magnitude of Tc (cf. for instance [3]).
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Although fairly self-evident, the fair omnipresence of
van Hove anomalies near the Fermi level in quasi-two-
dimensional compounds has not been taken seriously by
most people (cf. however e.g. [10,11]), for a variety of rea-
sons that might be recalled.

1) It has often been stated that electron correlations
are so strong in superconductive oxides that the details
of the Fermi surface as predicted by independent elec-
trons band computations should be lost and the van Hove
anomalies washed out or strongly distorted. It is therefore
of interest to see, in the organic superconductors, at least
some cases where the band interactions responsible for the
appearance of pockets of electrons and van Hove anomalies
do subsist and corrections due to electron-electron inter-
actions seem to remain modest. The same applies at least
to some oxides such as Bi2212.

2) It has been argued [12] that strong electron-electron
supraconductive couplings reduce appreciably the effect of
van Hove anomalies. Although qualitatively self-evident,
this does not change the order of magnitude of Tc. Fur-
thermore, at least in the organic superconductors with
moderate Tc’s, it is not at all necessary for the supercon-
ductive couplings to be strong.

3) It is now established that, in oxide superconduc-
tors, the supraconductive gap is strongly anisotropic [13],
although the exact nature of anisotropy is not yet com-
pletely clear and might vary from case to case: the pres-
ence of antiferromagnetic fluctuations suggests a d cou-
pling [14], but an extended s coupling has also been
suggested [15,16]. In organic superconductors, the pres-
ence of antiferromagnetic phases has also suggested a su-
perconductive coupling through AF fluctuations [17], al-
though, as far as I know, no systematic exploration of gap
anisotropy has been made so far.

For electron coupling symmetry other than s, equa-
tion (1) for T2 must be replaced by a more complex one,
taking into account that the coupling potential V is now
k dependant and the corresponding superconductive gap
anisotropic. There is then a special case where the gap
vanishes at the van Hove singularity point by symmetry;
this is however not the case for any of the superconductors
mentioned here. The van Hove anomaly should then rein-
force the corresponding gap, T2 and Tc in a way similar
to that for s coupling. This point has only been clarified
for explicit models [14,18] and could be usefully explored
numerically for other cases and especially other gap sym-
metries.

4) T2, and thus Tc, as deduced from equation (1) or
their extension for anisotropic couplings, are not much
influenced by various perturbations. This is due to the
fact that, with the Lorentzian form of (1), it is the wings
of the van Hove anomaly that matter and not its core
[3,19]. This well-known fact allows to deduce a simple ex-
ponential form for T2 from equation (1). But other physi-
cal consequences follow:

- Tc is not sensitive to the fact that the electrons in the
core of the van Hove anomaly have low speeds (because
∇kE = 0 at the anomaly) and the usual assumptions
for BCS couplings no longer hold [20].

- Tc is not much sensitive to small core corrections such
as due to a weak warping of the cylinders of constant
energy by 3d couplings [3], as indeed exists in most of
the cases considered.

- Tc decreases only slowly from its maximum value when
the Fermi level shifts from the peak of the van Hove
anomaly by amounts of the order of the width of the
core of the anomaly. Typically, the decrease with dop-
ing is slower than that of the Néel temperature of an
AF phase. This helps to explain why superconductiv-
ity can appear in oxides for doping larger than for AF
phases or than for strong AF fluctuations responsible
for a magnetic pseudogap effect [19]. It means that the
van Hove anomaly does not have necessarily its peak at
the Fermi level for the doping giving the maximum of
Tc, as often assumed when discussing its possible effect
in oxide superconductors (cf. [10,18] for instance); the
position of the van Hove anomaly might well be then
for definitely smaller dopings, where Tc is decreased by
the development of a magnetic pseudogap [13].

In conclusion, the presence of a van Hove anomaly near
the Fermi level of quasi-two-dimensional superconductors
seems as frequent in organic as in oxide compounds. In
all cases, it can help to explain moderate to high values
of Tc, whether the gap is isotropic or anisotropic. The ef-
fect should, in fact, be little sensitive to the exact nature
and symmetry of the superconductive coupling. More sys-
tematic studies of the effects of these van Hove anomalies
on the properties of the normal phase would help to clar-
ify this field of research. It might be useful for instance
to point out that the presence of van Hove anomalies at
the Fermi level of quasi-two-dimensional compounds leads
to the same sort of extrastability as in 3d Hume Roth-
ery phases, whether in crystals, quasicrystals or liquids
[21,22].
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