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Abstract. We have measured the thermal conductivity in the ab-plane, κab, and along the
c-axis, κc, of single crystals of the S = 1/2 triangular-lattice antiferromagnet Ba3CoSb2O9 in
zero field and magnetic fields. In zero field, it has been found that both κab and κc show a
similar broad peak around 40 K, suggesting that the thermal conductivity due to phonons is
dominant in this compound and that the mean free path of phonons is suppressed so much
by strong magnetic-fluctuations due to the magnetic frustration. It has also been found that
both κab and κc show a kink at the antiferromagnetic transition temperature TN. In magnetic
fields parallel to the ab-plane up to 14 T, magnetic-field dependences of both κab and κc at
temperatures below and above TN have been found to be understood taking into account the
phonon-magnon scattering in the so-called 120◦ structure phase and the up-up-down (UUD)
phase, while the minima of κab and κc observed in the middle of the UUD phase have not been
understood. This suggests the occurrence of some change of the magnetic state in the middle
of the UUD phase.

1. Introduction
Thermal conductivity is a useful probe to investigate the change of a magnetic state and phase
transitions, because the change and phase transitions affect the thermal conductivity due to
phonons, κphonon, via the phonon-magnon scattering. For example, the thermal conductivity
shows various changes by the application of magnetic field in several spin-gap systems such
as SrCu2(BO3)2 [1, 2], TlCuCl3 [3, 4] and Ba3Mn2O8 [5], because the number of magnetic
excitations scattering phonons is determined by the magnitude of the spin gap depending on
magnetic field, leading to the change of κphonon. Recently, furthermore, interesting behaviors
of thermal conductivity have been reported in various geometrically frustrated pyrochlore
antiferromagnets R2Ti2O7 (R : rare-earth elements) [6, 7]. In Tb2Ti2O7, extremely low values
of κphonon have been observed in the spin-liquid state due to the strong magnetic-fluctuations
[6]. In R2Ti2O7 (R : Tb, Gd and Er), a complicated magnetic-field dependence of the thermal
conductivity has been observed in correspondence to the change of the magnetic state [6, 7].

The compound Ba3CoSb2O9 is a spin system where Co2+ spins with the spin quantum number
S = 1/2 form an uniform triangular-lattice in the ab-plane and the layer of the triangular-
lattice is repeatedly stacked along the c-axis. From ESR and magnetization measurements, the
exchange interaction between the nearest neighboring spins in the ab-plane, J , and that between
the triangular-lattice layers, J ′, have been estimated to be 18.5 K and 0.48 K, respectively [8]. An
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Figure 1. Temperature dependence
of the thermal conductivity in the ab-
plane, κab, and along the c-axis, κc,
of Ba3CoSb2O9 single crystals in zero
field. The inset shows the magnified
plot around the antiferromagnetic
transition temperature TN = 3.8 K
indicated by the arrow.

antiferromagnetic (AF) ordered state with the so-called 120◦ structure in the ab-plane appears
at low temperatures below the AF transition temperature, TN, ∼ 3.8 K due to the weak J ′ in
zero field [9]. In high magnetic fields above 9 T parallel to the ab-plane, the so-called up-up-down
(UUD) structure, where two thirds of spins are parallel and the others are antiparallel to the
magnetic-field direction, appears at low temperatures below ∼5 K [8]. In the UUD state, the
magnetization shows a 1/3 magnetization plateau in a field-range of 9–15 T at 1.3 K.

In this paper, we have measured the thermal conductivity in the ab-plane, κab, and along
the c-axis, κc, of Ba3CoSb2O9 single crystals in zero field and magnetic fields parallel to the
ab-plane, in order to investigate the magnetic state and the change of the magnetic state by the
application of magnetic field.

2. Experimental
Single crystals of Ba3CoSb2O9 were grown by the floating-zone method. The quality of the single
crystals was checked by the x-ray back-Laue photography to be good. Thermal conductivity
measurements were carried out by the conventional steady-state method. Magnetic fields up to
14 T were applied.

3. Results and discussion
Figure 1 shows the temperature dependence of κab and κc of Ba3CoSb2O9 single crystals in zero
field. It is found that both κab and κc show a broad peak around 40 K and then decrease with
decreasing temperature. Since the magnitude of the peak and the temperature dependence of κab
are almost the same as those of κc, respectively, it is suggested that the contribution of phonons is
dominant in the thermal conductivity. It is well known that the typical temperature dependence
of κphonon in nonmagnetic insulators shows a peak around 10 K. Therefore, the appearance of
the broad peak around 40 K in Ba3CoSb2O9 may be due to strong magnetic-fluctuations, which
arise from the frustration of Co2+ spins forming triangular-lattices and decrease the mean free
path of phonons, lphonon.

As shown in the inset of Fig. 1, κab shows a kink and κc drops at TN. At low temperatures
below TN, κab increases and κc slowly decreases with decreasing temperature. Since κphonon
is expressed as the product of the specific heat of phonons, Cphonon, the velocity of phonons,
vphonon, and lphonon and vphonon is little dependent on temperature, the temperature dependence
of κphonon is determined by the temperature dependence of Cphonon and lphonon. Therefore, the
changes of κab and κc below TN are understood to be due to the increase of lphonon owing to
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Figure 2. Magnetic-field dependence of the thermal conductivity normalized by the values
in zero field for Ba3CoSb2O9 single crystals. (a) and (b) show κab(H)/κab(0) at low and
high temperatures, respectively. (c) and (d) show κc(H)/κc(0) at low and high temperatures,
respectively. Magnetic fields are applied parallel to the ab-plane. Arrows indicate fields where
the thermal conductivity drastically changes.

the suppression of the phonon-magnon scattering caused by the suppression of the magnetic
fluctuations in the AF ordered state.

Figure 2 shows the magnetic-field dependence of κab(H) and κc(H), normalized by the values
in zero field, κab(0) and κc(0), respectively, of Ba3CoSb2O9 single crystals in magnetic fields
parallel to the ab-plane at various temperatures. At low temperatures below TN, it is found that
both κab and κc decrease with increasing field in low fields, where the 120◦ structure is formed,
as shown in Figs. 2 (a) and (c). The decrease is interpreted as being due to the enhancement of
magnetic fluctuations scattering phonons with increasing field, because magnetic fields applied
parallel to the ab-plane disturb the ordered state with the 120◦ structure. With further increasing
field, it is found that both κab and κc increase above ∼8 T indicated by arrows in Figs. 2 (a)
and (c). The fields ∼8 T indicated by the arrows are in good agreement with those where
the transition from the 120◦ structure phase to the UUD phase occurs, as shown in the H–T
magnetic phase diagram of Fig. 3 obtained from the magnetic susceptibility and specific heat
measurements [10, 11]. The increase above ∼8 T is interpreted as being due to the decrease of
the number of magnetic excitations, because the UUD phase has a spin gap [12, 13]. In high
magnetic fields above 8 T, it is found that both κab and κc show a peak around 11 T and a dip
around 13 T. The dip fields ∼13 T indicated by arrows in Figs. 2 (a) and (c) are plotted by stars
in Fig. 3. It is found that the dip fields are located in the middle of the UUD phase. However,
the magnitude of the spin gap in the UUD phase is expected to disappear at the boundary
of the UUD phase and show the maximum in the middle of the UUD phase. Therefore, the
peaks around 11 T and the dips around 13 T cannot be interpreted in terms of the change of
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Figure 3. H–T magnetic phase
diagram of Ba3CoSb2O9 in magnetic
fields parallel to the ab-plane. Data
are from refs. [10, 11]. Stars
correspond to arrows in Fig. 2.

the magnitude of the spin gap with changing field. These results suggest that some magnetic
change takes place in the middle of the UUD phase showing the 1/3 magnetization plateau.

At high temperatures above TN, on the other hand, it is found that both κab and κc are
almost constant in low magnetic fields below ∼5 T, as shown in Fig. 2 (b) and (d). This
means that the number of magnetic excitations does not change with increasing field in the
paramagnetic (PM) state. It is found that both κab and κc start to decease at ∼8 T with
increasing field. The fields ∼8 T indicated by arrows in Figs. 2 (b) and (d) are also plotted by
stars in Fig. 3. It is found that the fields are a little smaller than the boundary between the PM
and UUD phases. The decrease above ∼8 T implies that the increase of the number of magnetic
excitations, but this cannot be explained by the increase of the spin gap in the UUD phase. The
decrease above ∼8 T may be due to the enhancement of magnetic fluctuations, which has been
observed around the phase boundary in the specific heat measurements [10]. That is, the strong
magnetic-fluctuations around the phase boundary may scatter phonons markedly, leading to the
decrease in thermal conductivity. This may be the reason why the fields ∼8 T indicated by
arrows are a little smaller than the phase boundary. In high magnetic fields, it is found that
both κab and κc show a dip around 13 T. The dip fields ∼13 T indicated by arrows in Figs. 2
(b) and (d) are also plotted by stars in Fig. 3. It is found that the dip fields are located in the
middle of the UUD phase as well as those at low temperatures. As mentioned above, therefore,
it is very likely that the magnetic state changes in the middle of the UUD phase. However,
no anomaly has been observed in the field dependence of the specific heat around 13 T [10].
Accordingly, it is necessary to investigate the magnetic state using another probe such as NMR
and neutron scattering measurements.

4. Summary
We have measured κab and κc of Ba3CoSb2O9 single crystals in zero field and magnetic fields.
In zero field, it has been found that both κab and κc show a similar broad peak around 40 K,
suggesting that κphonon is dominant and that lphonon is suppressed so much by strong magnetic-
fluctuations due to the frustration of Co2+ spins. It has also been found that both κab and κc
show a kink at TN, owing to the increase of lphonon in the AF ordered state. By the application
of magnetic field parallel to the ab-plane in the 120◦ structure phase at low temperatures, it
has been found that both κab and κc decrease with increasing field due to the enhancement of
magnetic fluctuations arising from the instability of the 120◦ structure. With further increasing
field, it has been found that both κab and κc increase above ∼8 T, where the transition from the
120◦ structure phase to the UUD phase occurs, owing to the decrease of the number of magnetic
excitations in the UUD phase with a spin gap. In high magnetic fields above 8 T in the UUD
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phase, it has been found that both κab and κc show a peak around 11 T and a dip around 13
T, which cannot be interpreted in terms of the change of the magnitude of the spin gap. Even
at high temperatures above TN, it has also been found that both κab and κc show a dip around
13 T in the UUD phase. These results suggest that some magnetic change takes place in the
middle of the UUD phase showing the 1/3 magnetization plateau.
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