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Abstract

As the temperature is lowered below Tc (107K), a remarkable increase of the thermal conductivity , having a
broad maximum, was observed. The behavior of the temperature dependence of the enhancement below Tc seems
to be correlated to specific characteristics relating to a coexistence of magnetic and superconducting state in this
compound.
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1. Introduction

In multi-layered copper oxide superconductor
HgBa2Ca4Cu5Oy(Hg-1245) containing five CuO2

planes in the unit cell, it was revealed for the first
time that both superconducting and antiferromagnetic
CuO2 planes coexist in the unit cell based on results
from the experiments of NMR[1], µSR[2] and specific
heat[3]. With decreasing temperature, the outer CuO2

planes (OP) with a pyramidral structure indicate su-
perconducting at Tc of 107K, on the other hand, the
inner CuO2 planes (IP) with a square structure are
not superconducting and antiferromagnetic[1]. It was
observed that, with decreasing temperature, a state
of magnetic ordering begins developing at ∼60K and
then antiferromagnetic long range order appears be-
low ∼45 K in the IP[2]. An anomaly was also observed
at ∼42K in the measurement of specific heat[3]. This
phenomenon originates from the remarkably different
carrier distribution between the OP and the IP, that
is, slightly light-doped OP and strongly light-doped
IP. This fact has been emphasized by characteristics
of Hg-1245 which has a different five CuO2 planes in
the unit cell and a low carrier concentration.
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In this paper, the results of the thermal conductiv-
ity κ in Hg-1245 have been presented, and distinctive
characteristics pointed out.

2. Experimental

Samples were prepared carefully by sintering at
1050˚C under a high pressure of 4.5GPa. All samples
synthesized were characterized to be nearly single
phase of Hg-1245 system, including a slight impurity
phase of CaO by x ray diffraction. From the plots of
the temperature dependence of the resistivity , how-
ever, a small fraction of the Hg-1234 phase (Tc∼120K)
was recognized. The values of Tc,mid for Hg-1245 sam-
ples prepared for measurements were 108.0K(No.8),
110.0K(No.11), 106.7K(No.23) and 107.6K(No.37),
respectively. The mean value of the Hall number per
CuO2 was ∼0.12 and represent an under-doped state
in these samples. Thermal conductivity was measured
in the temperature range between 8 and 250K using
a steady state method, employing a gold iron cobalt
differential thermocouple and a small thin resister
asheater. Typical sample dimensions were ∼1×1.5×2.5
mm3 and the temperature difference across the sample
was 0.1-0.3 K.
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3. Results and Discussion

The temperature dependence of κ in the four sam-
ples of Hg-1245 mentioned above is shown in Fig. 1. As
shown in Fig.1, the value of κ slightly increases with
decreasing temperature and much more rapidly just
below Tc, having a peak. Although this is similar be-
havior to the cases of other oxide superconductors, the
observable features of the data in Fig.1 are that the
temperature dependence of the enhancement below Tc

is broad and κ increases conspicuously against Tc from
∼140K (fairly higher than Tc). This is clearly different
from that in Hg-1223 which is shown as reference data
in Fig.1.

The carrier doping is in an under-doped state for
these Hg-1245 and then inner CuO2 planes (IP) are
pointed out to be insulating due to considerably low
carrier distribution. Therefore, the phonon conduction
seems to contribute mainly to the magnitude of mea-
sured κ in the Hg-1245. Generally, the contribution of
phonons in κ is much larger than that of carriers in the
normal conduction state for high-Tc oxide supercon-
ductors[4,5]. In Hg-1245, it is estimated that phonon
contribution is also remarkably large below Tc. con-
jecturing from the curve of polynomial fit to normal
state data as shown in Fig.1. Thus we think that the
enhancement in below Tc in Hg-1245 is mainly due to
the phonon contribution, and the carrier contribution
is small. This behavior is different from the result es-
timated in YBCO experimentally and theoretically, in
which quasiparticles largely contribute below Tc in ad-
dition to phonon contribution due to an increase of the
quasiparticle lifetime[4–6]. As shown in Fig.1, the in-
creasing of κ with temperatures below Tc seems to be
controlled below ∼70K and κ decreases rapidly from
∼40K. It is noted that these temperatures roughly
correspond to those where some magnetic states are
thought to be developed in Hg-1245 as mentioned in
the introduction.

4. Conclusion

The temperature dependence of κ in under doped
Hg-1245 is mainly governed by the phonon contribu-
tion above and below Tc. It seems that its behavior is
correlated to characteristics of the peculiar supercon-
ductor Hg-1245.
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