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Low temperature specific heat �Cp� of quasi-two-dimensional charge-density wave �CDW� compound
KMo6O17 has been studied by a relaxation method from 2 to 48 K under zero and 12 T magnetic fields. The
results show that no specific heat anomaly is found at 16 K under both zero and 12 T magnetic fields, although
an anomaly is clearly observed in the resistivity and magnetoresistance measurements. From the data between
2 and 4 K, the density of states at Fermi level is estimated as 0.2 eV−1 per molecule and the Debye tempera-
ture is extracted to be 418 K. A bump appearing in Cp /T3 is found between 4 and 48 K centered around
12.5–15 K, indicating that the phason excitations contribute to the total specific heat similarly as in quasi-
one-dimensional CDW conductors. Using a modified Debye model, a pinning frequency of 0.73 THz for
KMo6O17 is estimated from the phason contribution.
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Quasi-one-dimensional �1D� and quasi-two-dimensional
�2D� charge-density wave �CDW� conductors have attracted
much attention in past years.1–4 Below a critical temperature
�Tp� where the Peierls phase transition takes place, the
charge is periodically modulated, associated to an incom-
mensurate modulation of the underlying lattice. This leads to
a lot of unusual properties, for instance, 1D blue bronzes
A0.3MoO3 �A=K, Rb, or Tl� show nonlinear transport prop-
erties such as nonohmic conductance above a threshold field,
noise, and switch phenomena, etc.;5 2D purple bronzes
AMo6O17 �A=Na, K, or Tl� exhibit a large positive mag-
etoresistance �MR� etc.6,7

Extensive studies have been made to investigate the ther-
modynamic behavior of CDW. For 1D CDW compounds, the
early specific heat �Cp� studies paid more attention to the
behavior near the Peierls phase transition,8–10 while recent
interests focused on the anomalies of low temperature spe-
cific heats.11–20 Low temperature deviation from the Debye
law shows two features: �1� a quasilinear-in-T contribution at
low-T range ��1 K�,13–16 and �2� a bump in Cp /T3 at high-T
range ��10 K�.16,19,20 The later feature has been attributed to
the excitations of the CDW phase �phasons�, also observed
by other techniques21,22 and the former to the low energy
excitations. For 2D CDW compounds, Buder et al.23 have
measured the specific heat of KMo6O17 from 2 to 140 K us-
ing a relaxation technique, but focused their presentation and
discussion only on 2–5 K range data. Filippini et al.24 re-
ported the data of KMo6O17 around CDW transition tem-
perature Tp and found an enhanced specific heat between 80
and 120 K corresponding to the Peierls phase transition.
However, the intermediate temperature range �such as
5–50 K� of the specific heat data has not been considered.

KMo6O17, which is so-called potassium purple bronze,
has a layered structure consisting of planes of Mo-O polyhe-

dra separated by K ions.25 It exhibits 2D transport properties
within ab cleavage plane, and undergoes a Peierls transition
to a CDW state at 110 K. Scanning tunneling microscopy
�STM� studies have established that the superstructure in a
CDW state is a triple-q�2a�2b� hexagonal one.26,27 High
magnetic field study up to 55 T shows that a first order tran-
sition takes place above 30 T.28 Recent MR measurements
revealed a second anomaly at 16 K, which was suppressed
and moved to higher temperature with increasing magnetic
field and disappeared under 12 T.29 This anomaly was attrib-
uted to be either an SDW-like or a second CDW-like transi-
tion. The true origin has not been yet completely understood.

In this paper, we studied in detail the specific heat of
KMo6O17 in temperature range from 2 to 48 K under zero
and 12 T magnetic fields. The results show that although a
transition takes place at 16 K in the resistivity measurement,
no anomaly of specific heat is found near 16 K under both
zero and 12 T magnetic fields. Further more, a bump appear-
ing in Cp /T3 is found for KMo6O17 similar to that of 1D
compounds. These findings for a 2D compound KMo6O17
and comparison with that of 1D systems will make a further
understanding on the CDW excitations.

KMo6O17 crystals were grown by electrolytic reduction of
K2CO3-MoO3 melts with a molar ratio of 1:6.0.30 Resulting
crystals had a typical size of 2�3 mm2 �ab plane� with a
thickness of 1 mm �c axis�. The crystals were characterized
by the x-ray powder diffraction and the electrical resistivity
measurement, and were found to be of good quality. The
sample of No. 1024 showing a clear 16 K transition in the
resistivity measurement was selected and cleaned for the spe-
cific heat study. The sample weight 6.85 mg �the molar mass
is 887 g� and has a rectangular shape of 1.5�2.5 mm2 �ab
plane� with thickness �0.6 mm �c axis�.

Specific heat data were obtained using a relaxation
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method based on an Oxford cryogenic system MAGLAB. The
sample arrangement was similar to that reported recently for
the low-temperature electronic specific heats of supercon-
ductors La2−xSrxCuO4 single crystals,31 which ensured a
good thermal diffusivity. The heat capacity of the addenda
was determined in a separate experiment and subtracted from
the total heat capacity, thus the Cp value reported here was
only from that sample. During the measurements, a stable
magnetic field H was applied parallel to the platform �in this
work, the H �ab plane� and the data were collected in the
warm-up process from 2 to 48 K. The typical time span of
data points varied from 100 s at 2 K to 1000 s at 48 K.

Figure 1 shows the temperature dependence of the spe-
cific heat for H=0 and 12 T, respectively. It is clear that
there is no signature in Cp of the second transition which was
observed at 16 K in temperature dependence of resistivity in
both H=0 and 12 T magnetic fields. Moreover, apart from
the lowest T range, there is almost no difference of Cp be-
tween H=0 and 12 T data. The origin of the 16 K anomaly
observed in resistivity measurement needs further investiga-
tion and is in progress.

To compare with 1D CDW compounds, we analyze the
specific heat data in a plot of Cp /T3 versus T as shown in
Fig. 2. It can be found that Cp /T3 of KMo6O17 has a similar
S shape to those of 1D compounds.13–16 In this figure, one
can distinguish two features: the increase in Cp /T3 toward
lower T below 4 K, and a broad bump centered around
12.5–15 K above 4 K.

In general, a 1D system undergoes the Peierls transition to
an insulating CDW state, while a 2D compound maintains
metallic in the CDW state due to the opening of partial gaps
on the quasicylindrical Fermi surface. In order to separate
the normal electronic and acoustic phonon contributions
in the low temperature metallic state, we analyze the speci-
fic heat data in a plot of Cp /T versus T2. A good linear
relation of Cp /T=�+�T2 is found between 2 and 4 K with
�=0.44 mJ/K2 mol and �=0.64 mJ/K4 mol for the data of
zero field as shown in Fig. 3, while the specific heat data fast
deviate from this relation above 4 K due to the contribution

of CDW excitations. The obtained electronic term is smaller
than �=1.6±0.2 mJ/K2 mol reported by Buder et al.23 In a
free electron model, the contribution of normal electrons Ce
can be described as

Ce = �T =
�2

3
g�EF

0�kB
2T �1�

with kB the Boltzmann’s constant and g�EF
0� the density of

states at Fermi surface at zero temperature. From the � value,
and taking g�EF��g�EF

0�, the density of states at Fermi level
is estimated as 0.2 eV−1 per molecule for KMo6O17, which
is only � 1

6 of 1.13 eV−1 per molecule given from the ther-
moelectric power above the Peierls transition temperature.32

FIG. 1. �Color online� Temperature dependence of the specific
heat for H=0 and 12 T.

FIG. 2. �Color online� The specific heat data in a plot of Cp /T3

versus T under both H=0 T and H=12 T. The dashed line repre-
sents the best fit using the modified Debye model. Fitting param-
eters are reported in the inset.

FIG. 3. �Color online� The specific heat data between 2 and 4 K
in a plot of Cp /T versus T2 under both H=0 T and H=12 T. The
straight line represents the fit of contributions of normal electrons
and phonons.
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The Debye temperature can be calculated from the usual
formula

�D
3 =

12

5
�4rR�−1 �2�

with R the gas constant and r the total number of atoms in
the formula unit �here r=24 for KMo6O17�. From the value
of �, we extract a Debye temperature of 418 K, which is
higher than 340±10 K reported by Buder et al.23 It is noticed
that several groups also gave different Debye temperatures
of K0.3MoO3 from the specific heat measurements.11,16 In
Fig. 3, the slight decrease of Cp /T under the 12 T magnetic
field which is also reflected in the decrease of Cp /T3 below
4 K in Fig. 2 is supposed due to reduction of the density of
states in magnetic field.

In a similar way as developed for 1D CDW materials,13–16

the bump appearing above 4 K in Fig. 2 is expected to result
from the CDW phason excitations. We use a modified Debye
spectrum with two cut-off frequencies to describe the phason
contribution: the lower one corresponding to the pinning
frequency ��0=kBT0 /h, due to the pinning gap� and the
upper one analogous to a Debye temperature for phasons
���=kBT� /h�. It is known that KMo6O17 shows superlattice
reflections below Tp at three equivalent commensurate re-
duced wave vectors qI= �1/2 ,0 ,0�, qII= �0,1 /2 ,0�, and qIII

= �1/2 ,1 /2 ,0�, which undergo the same periodic lattice dis-
tortions in the CDW state and are related by a trigonal
symmetry.24,26,27 Each modulation consists of three phason
branches �one longitudinal and two transverse�, thus the pha-
son contribution C� can be expressed as

C� = 27
N�kB

	2 � T

T�
�3�

T0/T

T�/T

�x − x0�2 �
x2ex

�ex − 1�2dx ,

and x = h�/kBT �3�

with N� the number of phason excitations, and 	 the aniso-
tropy parameter of phason velocities with 	=C� /C� �phase

mode velocities parallel and perpendicular to the CDW wave
vector q�. In Fig. 2, we find the best fit for the specific heat
data with T0=35 K �3.0 meV energy�, T�=155 K �13.3 meV
energy�, and N�=0.88	2NA �NA is the Avogadro number�.
The pinning frequency ��0=0.73 THz� obtained for
KMo6O17 is as large as 41, 18, 4, and 2 times of those of
NbSe3 �17.5 GHz�,13 �TaSe4�2I �45 GHz�,14 KCP
�0.2 THz�,15 and K0.3MoO3 �0.38 THz�,16 respectively. The
value of T� is also significantly larger than those of 1D com-
pounds. Since no investigation in respect to the aniso-
tropy phase velocity has been reported for KMo6O17 in the
literature, consequently we cannot evaluate the value of N�

from 	. Generally the Debye law fails above T*��D /20;16

with the obtained value �D=418 K for KMo6O17 from Fig. 3,
it yields T*�21 K, higher beyond the observed bump. In
Fig. 2, the deviation of fitting to the data above 32 K reflects
that the validity of this kind of modified Debye law for 2D
KMo6O17 is similar to that reported in 1D CDW
compounds.15,16

In conclusion, we have investigated the specific heat of
KMo6O17 in a temperature range from 2 to 48 K under zero
and 12 T magnetic fields. The results show the absence of
the thermodynamical signature of 16 K anomaly of electrical
resistivity under both 12 T and zero field. From the data
below 4 K, the density of states at Fermi level is estimated as
0.2 eV−1 per molecule and the Debye temperature is ex-
tracted to be 418 K. Particularly, a bump appearing in Cp /T3

is found above 4 K, indicating the phason excitations con-
tribute to the total specific heat. Using a modified Debye
model, a pinning frequency of 0.73 THz for KMo6O17 is
estimated from the phason contribution.
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