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Abstract. Specific heats of the charge-density-wave compounds o-TaS3 and (TaSe4)2I have been measured
over the wide temperature interval 10 K–300 K. Both systems exhibit strong non-Debye behavior. Very
weak and broad anomalies are observed at the Peierls transition temperatures. For o-TaS3, the change in the
curvature of the specific heat occurs at temperature of 40 K where glass transition has been deduced from
dielectric measurements, and an extended scaling analysis suggests that the glass transition is associated
with a dynamical cross over in length scales. We briefly discuss the characteristics and physical origins of
the anomalies at both the Peierls and glass transitions.

PACS. 71.45.Lr Charge-density-wave systems – 65.40.Ba Heat capacity – 64.70.Kb Solid solid transitions
– 64.70.Pf Glass transitions

1 Introduction

Although (TaSe4)2I and o-TaS3 (i.e. the orthorhombic
polytype of TaS3) are among the most widely studied of
quasi one-dimensional (Q1D) systems undergoing Peierls
transitions into charge-density-wave (CDW) states [1],
their specific heats (cp), particularly near these transi-
tions, have not been adequately investigated. For both
materials, there are reports of very low temperature (i.e.
dilution refrigerator range) specific heats [2,3] and for
o-TaS3 there are differential scanning calorimetry results
near the Peierls transition at TP = 215 K which could not
resolve an anomaly [4]. There are no reported specific heat
results for (TaSe4)2I near its Peierls transition tempera-
ture, which varies among samples between ≈240 K and
260 K [1].

Both systems exhibit very wide pretransitional fluctua-
tions, associated with the opening of a pseudo gap at much
higher temperatures than TP , the 3D transition tempera-
ture [1], as expected for Q1D systems. These fluctuations
make evaluation of thermodynamic behavior difficult, as
one cannot safely guess the appropriate “background” be-
havior on either side of TP . They also lead to a large en-
hancement of the ratio between the low-temperature gap
and TP [5]. In the case of (TaSe4)2I, an alternative strong
electron-phonon coupling description has been proposed
in which TP corresponds to an ordering of a bipolaron
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fluid [7,8] in an order-disorder rather than the usual dis-
placive transition. Inelastic neutron spectra [9] and dif-
fuse X-ray scattering [10] showed almost no evidence for
a soft-mode instability at TP , as would be expected in
a weak coupling picture, and a phenomenological model
based on an optical-like order parameter was proposed [9].
For o-TaS3, there have been no new structural investiga-
tions in the last decade, and its complicated atomic struc-
ture [11] remains undetermined.

In addition to very well known electronic transport
features [1], the elastic signature of the Peierls transi-
tion has been demonstrated in low frequency measure-
ments of Young’s modulus [12–15] and the shear modu-
lus [16], as well as in ultrasonic and thermal expansion
studies [17]. In the related Q1D CDW compound, “blue
bronze” (K0.3MoO3), anomalies in thermal expansion and
Young’s modulus at TP = 180 K were found to be sim-
ilar in shape to a cusp in the specific heat, as expected
for continuous phase transitions, while an anomaly in the
magnetic susceptibility was fit to their integral, i.e. the
entropy [18]. These anomalies were analyzed in terms of
both 3D-XY [18] and Gaussian fluctuations [19] of the
CDW order parameter. One motivation for the present
study was to determine if the comparisons applied to blue
bronze could also be applied to (TaSe4)2I and o-TaS3.
All three materials have relatively large, negative cusps
in their chain direction Young’s moduli, with anomalies
of the order ∆E/E ∼ −1% (see below), although the
anomaly in o-TaS3 is wider and more symmetric than
for the other materials [11–16,18]. Very different thermal
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anomalies might then be the signature of different micro-
scopic CDW mechanisms, as mentioned above.

In addition, new evidence for the existence of a low-
temperature CDW glass phase, which is reached at a glass
transition at Tg ∼ TP /4 [20,21] increased our motiva-
tion for performing a wide temperature-range investiga-
tion of cp. Any thermodynamic information obtained in
the glass transition range will improve our understanding
of this unusual phase, as well as general CDW properties
beyond the classical microscopic picture.

2 Experimental

We have used a standard quasi-adiabatic heat pulse tech-
nique to measure the heat capacity of (TaSe4)2I and
o-TaS3 in the wide temperature range, 10 K–300 K. In
such a measurement, the sample was thermally linked to
a temperature bath, which was kept at a well defined, sta-
ble temperature. The temperature of the sample relative
to the bath was used to measure the heat capacity through
the temperature jump after a heat pulse is applied to the
sample [2].

Two samples of each material have been measured,
each with a different thermometer. Most of the data shown
below was taken with measurements made with a chromel
– Au (0.07% Fe) thermocouple connected to a nano-
voltmeter. The thermocouple sensitivity varies between
15 µV/K and 20 µV/K in this temperature range and
the voltmeter noise for a proper reading rate was about
20 nV, resulting in 1–2 mK precision, comparable to the
long term temperature stability of the sample. The ampli-
tude of the temperature jump during a measurement was
typically ∼0.5 K, so the possible precision of the measure-
ment is about 0.2–0.4%.

Our tests have shown that the thermal link between
the sample and the bath does not depend on the vacuum if
the pressure is less than 10−6 mbar. Therefore, the vacuum
in the sample holder was kept ∼10−7 mbar, in order to
have a well-defined thermal link of the sample without
any additional contribution from gas residue.

The o-TaS3 sample consisted of thick carpet of
∼105 needles, each ∼2 mm long with a cross-section of
∼10−4 mm2. This carpet was hand-pressed to improve
thermal contact and then wrapped with a copper foil
around the thermocouple. A 50 µm constant wire that
serves as a sample heater was wrapped around the foil
and glued with 2–3 mg of GE varnish. The mass of o-TaS3

was 97 mg, that of the copper foil 35 mg, and of the heater
about 5 mg. The thermocouple wires as well as the heater
wires served as a thermal link to the bath. Contribution
of the addenda to the heat capacity was between 20% at
low temperature and 30% at higher temperature.

For the second o-TaS3 sample, a Cernox thermometer
was used to measure the absolute sample temperature.
The addenda contribution was larger for this sample, but
the results were, although less precise, similar to those
shown below.

(TaSe4)2I was measured on two different solid poly-
crystalline chunks. Most of the results presented below

are for sample 1, with mass m1 = 120 mg, measured with
the thermocouple. Sample 2 (m2 = 294 mg) was mea-
sured with a platinum-chip thermometer; results for the
two samples near TP are compared in Figure 3a.

Experimental runs have been taken while both cool-
ing and warming. Temperature intervals for taking data
ranged from 0.5 K (at low temperature and near TP ) and
2 K elsewhere. Finally, small pieces of each sample have
been used in electrical resistance measurements to char-
acterize the sharpness of the Peierls transition.

3 Results

The measured specific heats of o-TaS3 and (TaSe4)2I in
the whole temperature range are plotted in Figure 1. At
room temperature, they approach the Dulong-Petit values
(12 R for TaS3 and 33 R for (TaSe4)2I, with R being the
universal gas constant), as expected. Our high tempera-
ture results for o-TaS3 agree with the differential scan-
ning calorimetry (DSC) measurements of reference [4], as
shown in the figure. At low temperatures, our data overlap
well with that from references [2,3].

For 10 K < T < 40 K, the specific heats of both
samples are far from what would be expected from De-
bye theory for a crystal, with cp ∝ T 2 rather than the
expected T 3 dependence. As discussed in [2], this weaker
temperature dependence may result from a nearly disper-
sionless low frequency acoustic phonon mode propagat-
ing in the plane perpendicular to the conducting chains
but polarized parallel to the chains [9,10,22]. Below 10 K,
the T 3 behavior is recovered, but with correspondingly low
Debye temperatures (∼50 K for (TaSe4)2I [2], and ∼130 K
for o-TaS3 [3]).

3.1 Specific heat peaks at the Peierls transitions

The inset to Figure 1 shows the specific heat near the
phase transitions in enlarged scales. Anomalies at the
Peierls transitions are certainly not obvious in these lin-
ear plots. This absence is roughly consistent with the
simplest mean field estimates of the magnitudes of the
anomalies. The resolution of our measurements in this
temperature range is δcp ≈ 0.03 R for o-TaS3 and 0.09 R
for (TaSe4)2I. Assuming Fermi level electronic densities of
states of nF ∼ 0.44 and 1.2 states/eV-molecule [23], one
expects specific heat jumps (∆cMF /R = 4.7nF kBTMF )
of ∆cMF ≈ 0.04 R and 0.11 R for o-TaS3 and (TaSe4)2I,
respectively, if TMF ∼ TP ; i.e. ∆cMF ∼ δcp.

However, specific heat anomalies at Q1D Peierls
transitions are usually larger than their mean field
estimates [1,18] because fluctuations typically lower
TP [5,6,23]. Furthermore, strong coupling to phonons, e.g.
as has been suggested for (TaSe4)2I [7,9], may result in
large phonon contributions to ∆cp [24]. Therefore, the lack
of apparent anomalies at TP was initially surprising.

Part of the difficulty in finding small anomalies in the
specific heat data is that there is no experimental way to
separate the background behaviour (such as by applying
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Fig. 1. Specific heat data of TaS3 (full circles) of (TaSe4)2I
(empty squares) measured by the transient pulse technique in
the temperature range 10 K–300 K. The previously published
differential scanning calorimetry data of TaS3 [4] (empty dia-
monds) are shown for comparison. In the inset are the same
data presented in the restricted temperature range around the
Peierls transition temperatures.

a magnetic field to a superconductor). In such a case, dif-
ferentiation can be used to help isolate the anomalies. If
there is indeed a small cusp in cp at the Peierls transition,
a zig-zag pattern should be present in dcp/dT , which may
be more readily observed. In Figure 2, we plot dcp/dT
for both materials at temperatures near the transition,
while the derivatives in the whole measured temperature
range are shown in the inset. Indeed, zig-zag patterns are
observed for both systems indicating that there are re-
ally cusp-like anomalies, near 220 K for o-TaS3 and at
244 K for (TaSe4)2I. Although the features in the deriva-
tive can be seen at other temperatures as well, for in-
stance at ∼150 K for o-TaS3 and ∼90 K for (TaSe4)2I,
they do not show the zig-zag pattern, which is therefore
uniquely seen around Peierls transitons temperatures. The
zig-zag patterns also allow us to estimate anomaly widths
of about 20 K for both materials. In order to extract the
critical parts of the specific heats at the Peierls transi-
tion temperatures we have estimated the normal baselines
from the polynomial fits of the cp data outside the regions
around TP defined by the anomaly widths. The critical
parts are obtained as residues from the baselines subtrac-
tion in the anomalies width regions. It should be noted
that different monotonic functions tried in order to es-
timate the baselines did not result in different values of
the critical parts. The residues are presented in Figure 3a
for (TaSe4)2I (both samples) and in Figure 3b for o-TaS3.
The anomalies are ∆cp ≈ 0.1 R and 0.04 R, respectively,
comparable to the mean field estimates and the scatter in
the data, as discussed above.

It should be pointed out that the above procedure
only identifies local extrema in the specific heat. At CDW
transitions, there is typically a (mean-field-like) change in
baseline as well as a peak at TP [18,25,26], and it is the
baseline change that should be compared to model calcu-
lations [6,24]. Such a change in baseline may be mirrored
in the elastic moduli [18,27], and has been clearly observed
for Young’s modulus of (TaSe4)2I [13,15], but not for other
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Fig. 2. The derivatives of the specific heats of TaS3 and
(TaSe4)2I in the temperature range above 200 K reveal the ex-
istence of the cusp-like anomalies at the corresponding Peierls
transition temperatures (arrows) and enable estimates of the
widths of the transition regions (lines). The inset shows the
derivatives in the entire temperature region covered by our
measurements.
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Fig. 3. The cusp-like excess contribution to the specific heat
around the Peierls transition temperature of: a) (TaSe4)2I (two
samples), and b) TaS3. Representative error bars are shown.

moduli of these materials [12,14,16,17]. Therefore, the
magnitudes of the cp anomalies shown in Figure 3 should
only be considered rough estimates of the true anomalies.

In o-TaS3, the small broad specific heat anomaly may
be associated with broadening due to defects. A single
crystal selected from the batch used for our cp measure-
ments had a resistive transition with a width of ∆Tcrit ≈
22 K, indicating these samples were slightly less pure
than typical, nominally pure crystals, which have transi-
tion widths (obtained from resistivity [1]) of about 15 K.
Resistivity measurements also indicated that TP varied
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from sample to sample between 212 K and 216 K for our
crystals, which would also contribute slightly to the broad-
ening of the transition in the heat capacity measurement.

Nonetheless, even taking into account the width of the
anomaly, it is much smaller than would be expected on
thermodynamic grounds. The anomaly in Young’s modu-
lus is comparable in width to that in the specific heat and
has magnitude ∆E/E0 ≈ 1.2% [14]. From the Ehrenfest
relation [14,18,28],

∆cEhrenfest = − (
∆E/E2

0

)
(TP M/ρ)

(
dTP

dσ

)−2

(1)

where ρ is the density, M the molecular weight, and σ
uniaxial stress, one expects [14] ∆cEhrenfest = 0.18 R.
Testardi [28] showed that the Ehrenfest relation will hold
if the stress dependence of the anomalous free energy can
be represented by

∆G = ϕ (σ)F (T − Tc (σ)) (2)

for differentiable functions ϕ and F. While equation (1)
has been found to hold for CDW materials such as blue
bronze [17] and quasi-two-dimensional TaSe2 [26], it may
fail for o-TaS3, in which CDW properties have been found
to be anomalously stress dependent [29], perhaps reflect-
ing the possibility of “pulling the CDW into commensu-
rability” with a small stress [29,30]. The fact that the
anomaly in o-TaS3 is inconsistent with Ehrenfest relation
therefore suggests that equation (2) might not hold.

The situation is somewhat different in (TaSe4)2I, for
which transport [1], elastic [13,15–17], and magnetic [23]
anomalies in single crystals have been observed to be
only ∼3 K wide. However, the variability among crys-
tals, even from the same batch can be very wide; e.g.
TP ∼ (250 ± 10) K. We therefore associate the width of
our thermal anomaly primarily with a distribution of TP ’s
of the crystals constituting the samples. In this case, the
magnitude of the anomaly for each crystal should be sev-
eral time larger than the observed anomalies, e.g. ∆cp

(single crystal) ∼ 0.7 R ∼ 6∆cMF . While such a large
anomaly would seem to be consistent with a weak-coupled
CDW transition suppressed by Q1D fluctuations, as dis-
cussed above, it is actually much larger than expected for
this material. In McKenzie’s model including Q1D fluctu-
ations [6], the specific heat anomaly is given by

∆cMcKenzie = (1.9 ± 0.7)(c/2ξ)R (3)

where ξ is the intrachain coherence length obtained
from diffraction measurements at temperatures well above
TP [9], c is the longitudinal lattice constant, and the factor
of 2 comes from the fact that there are two formula units
per unit cell. The first numerical factor depends (inversely)
on the strength of interchain coupling. Using ξ ≈10 nm [9]
and c = 1.28 nm [32] one finds ∆cMcKenzie ≈ (0.1±0.04) R;
i.e. because of the long coherence length, the specific heat
anomaly is not significantly enhanced above its mean-field
value.

In fact, the coherence length is not very anisotropic [9],
so it is not surprising that Q1D models fail. As mentioned

above, it has been suggested that a strong coupling model
involving bipolaron condensation might be more appro-
priate for (TaSe4)2I [33]. In such a case, the specific heat
anomaly should be enhanced by a lattice contribution. For
example, MacMillan showed that phonon contributions
increased the specific heat anomaly of two-dimensional
2H-TaSe2 by a factor of 5 [24].

E0 and dTP /dσ of (TaSe4)2I have not been mea-
sured, so it is impossible to use equation (1) directly.
However, from comparisons of measured anomalies in the
thermal expansion coefficients (α) and ultrasonic moduli,
Saint-Paul et al. [17] have estimated that the longi-
tudinal stress dependence is unusually small: dTP /dσ
∼ 0.06 K/kbar. Using this value and their expansivity
anomalies with the Ehrenfest relation

∆cEhrenfest = − (∆α) (TP M/ρ)
(

dTP

dσ

)−1

(4)

leads to an estimate of ∆cEhrenfest ∼ 9 R! However, com-
plicating their analysis are the facts that the modulus
anomalies were sample dependent, and that different mod-
uli have very different temperature dependences, making
comparisons of their magnitudes difficult. Indeed, if the
magnitude of the stress dependence is closer to that of the
measured pressure dependence, dTP /dp ∼ 1 K/kbar [34],
the Ehrenfest estimate would be close to our estimated
value of ∆cp(single crystal). It has also been suggested [9]
that the transition in (TaSe4)2I may have first order char-
acter (in which case our measured specific heat anomaly
would include contributions from latent heats distributed
over a range of TP ’s), in which case the Ehrenfest re-
lations would not be expected to hold. Finally, very re-
cent investigations confirmed the picture proposed in [9]
the transition may be described as a Brillouin zone cen-
ter Peierls instablity with mixed acoustic-optic charac-
ter [35]. In addition to the acoustic-like modulation, the
Ta tetramerisation with 10 times smaller amplitude has
been found demonstrating uniqueness of the Peierls tran-
sition in (TaSe4)2I. The fact that it is not clear how to
reconcile this picture with the polaronic interpretation of
new ARPES measurements in the strong-coupling adia-
batic limit [36] further demonstrates the very complex
nature of the CDW transition and ground state in this
system.

We continue with a discussion of the low temperature
specific heat of TaS3, and relate it to recent dielectric spec-
troscopy results.

3.2 Low temperature crossovers

As we have shown, the contribution associated with the
critical behavior around the CDW transition (∆c(TP )) is
very small compared to the main lattice contribution and
also within our experimental resolution. The critical con-
tribution due to the glass transition observed in dielectric
measurements at Tg ∼ Tp/4 [20,21] is expected to be even
smaller, as it takes place on the level of the superstruc-
ture; e.g. if the superstructure length scale is ξ and the



D. Starešinić et al.: Specific heats of o-TaS3 and (TaSe4)2I 75

CDW coherence length is ζ, then ∆c(Tg) ∼ ∆c(Tp) [ζxζyζz

/ξxξyξz] ∼ 10−6∆c(TP ), i.e. far beyond our resolution. On
the other hand, as shown in the inset to Figure 2, there are
distinct changes in the curvature of cp near the expected
glass transition temperatures. This led us to employ the
data analysis based on the generalized scaling theory pro-
posed by Souletie [37,38], which relies on a particular form
of the derivative that both tests the applicability of the
theory and enables the extraction of relevant parameters.

The generalized scaling analysis assumes that, with
other thermodynamic variables, the specific heat exhibits
“critical” behavior:

cpT
2 ∝ (1 − Tc/T )−α (5)

but allows Tc to be negative for systems which, due to low
dimensionality, strong correlations, or frustration [37], do
not exhibit long-range order at finite temperatures. This
temperature dependence of the specific heat reflects that
of a correlation length which grows but stays finite with
decreasing temperature [37].

From equation (5)

d(ln(T ))
d(ln(cpT 2))

=
T − Tc

αTc
· (6)

This linear temperature dependence can be used to test
the applicability of the renormalization arguments, define
its range of validity and finally give the value of the char-
acteristic temperature Tc and the critical exponent α. We
can also define another quantity called the initial interac-
tion energy θ [37,38]:

θ = (2 − α)Tc (7)

which represents the effective activation energy in the
limit Tc/T → 0 where cp · T 2 has an activated (Arrhe-
nius) temperature dependence [38].

Different systems, such as glasses [38], ferromagnets,
heavy fermions [37], and non-Fermi liquids [39] have been
analyzed in this manner. Although this approach is rather
unconventional and may seem speculative, the results of
the analysis of o-TaS3, like those for the materials men-
tioned above, are highly suggestive.

The results we have obtained by numerically differenti-
ating our cp data for o-TaS3 according to equation (6) are
presented in Figure 4. Below 200 K, a sequence of three
regimes (labeled HT, MT and LT for high, medium and
low temperature respectively) can be observed, each with
a corresponding (negative) Tc and α. For the linear HT
regime, 40 K < T < 200 K, we find

T HT
c = −380 K, αHT = 4, θHT = 760 K,

while for the linear MT regime, 25 K < T < 40 K, we find

T MT
c = −60 K, αMT = 6, θMT = 240 K.

The LT regime below 25 K is actually best represented by
the power law temperature dependence cp ∝ T 2.3.

The linearity in the MT and HT regions supports the
scaling approach to the data analysis, and the crossover
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Fig. 4. Scaling derivative (see text) of the specific heat of TaS3

in the entire temperature range. HT, MT and LT are the labels
of the three distinct linear regions corresponding to the high,
medium and low temperature region respectively. The lines
are fits to the scaling expressions for the HT and MT regions
of TaS3. In the inset are the temperature evolutions of the
relaxation frequencies (symbols) of two relaxation processes
observed in the dielectric spectra [21] with the corresponding
activation energies (solid lines).

between different regimes suggests a change in the scal-
ing relations at the corresponding temperatures. As the
crossover is not abrupt it can be regarded more as a kind
of a glass transition than a thermodynamic phase tran-
sition [38]. Actually, this view can provide a strong link
with the low frequency dielectric spectra [20,21] of the
same system that we will discuss below.

The inset of Figure 4 shows the temperature depen-
dence of the characteristic relaxation frequency ν0 of two
relaxation processes observed in the low frequency dielec-
tric spectra of o-TaS3 below TP [20,21]. For the high tem-
perature process, named the primary or α process, ν0

starts to decrease slightly below Tp in an activated man-
ner, with activation energy ≈770 K. However, at lower
temperatures it tends to deviate towards stronger slow-
ing down that leads to the finite freezing temperature
Tg ∼ 40 K, which is a sign of the glass transition at Tg.
(Tg is defined as the temperature where the relaxation
time exceeds the experimental time scales, conventionally
taken as 103 s, so the corresponding frequency is 10−3 Hz).
The second, or β process, becomes visible at temperatures
slightly higher than Tg and follows an activated behavior
far below Tg with the smaller activation energy ≈300 K.
As we can see, there is a striking correspondence between
the dielectric and cp data: i) The crossover in cp is situated
at the temperature (40 K) where the freezing of the α pro-
cess occurs. ii) The initial interaction energy θHT in HT
region has the same value as the activation energy of the
α process and θMT in the MT region has a value very
close to the activation energy of the β process. iii) The β
process apparently freezes at about 17 K (not shown in
the inset, but see [20,21,40]), slightly below the crossover
temperature between the MT and LT regions.
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This correspondence would not be surprising if the di-
electric response reflected dynamics of the lattice, since
these dominate the thermal response. However, the di-
electric response has been attributed solely to the CDW
subsystem [20,21,40], which has been believed to affect
only the phonons with wavevector near 2kF that partic-
ipate in the Kohn softening [41], which are a small frac-
tion of the thermal phonons in the case of weak electron-
phonon coupling [24], assumed to be the main mechanism
of CDW formation. Our results therefore lead us to ques-
tion this assumption. We have presented arguments [21]
that the freezing of the α process is a result of a strong
intra-CDW Coulomb interaction that takes place when
the screening by free carriers becomes ineffective as they
freeze out at low temperatures. It seems now that the
stiffening of CDW and the freezing of CDW disorder also
affect the phonon dynamics. In the view of the general-
ized scaling analysis this occurs through a change in the
localisation, i.e. correlation length, of the phonons. The
influence of the CDW on the host lattice has also been
shown in recent structural studies in some other CDW
systems. In blue bronze (K0.3MoO3), pronounced changes
in the host lattice parameters have been observed [42] in
the temperature region close to the glass transition de-
tected in dielectric spectroscopy [43] and thermally stimu-
lated discharge measurements [21,43–45]. In (NbSe4)10I3,
a continuous monoclinic deformation of the host lattice
below TP has been attributed to shear elastic strain cou-
pling to the CDW [46], and similar observations have been
made in (TaSe4)2I [47]. Additionally the fact that elastic
moduli of CDW systems change strongly when the CDW
is depinned [15,48] also implies a strong CDW-phonon
coupling. Finally, Golovnya et al. [49] have shown that
thermal contraction of o-TaS3 lattice is affected by defor-
mation of the CDW.

The growing phonon correlation length, which enables
the application of the generalized scaling approach, would
be a consequence of the growing dynamic correlation
length of the CDW. In the scaling hypothesis, the critical
exponent α of cp is related to the dimensionality d and
the critical exponent ν of the correlation length growth
as [37,38]:

α = 2 − dν. (8)

For temperatures above Tg ∼ 40 K, we have αHT ≈
4, while for low temperatures below Tg we have have
αMT ≈ 6. Therefore, we obtain the ratio:

(dν)HT

(dν)MT
=

2 − αHT

2 − αMT
∼= 0.5. (9)

If the critical exponent for the correlation length does not
change, this would imply that the effective dimensional-
ity changes form d = 2 below Tg to d = 1 above. This
type of dimensional crossover is typical for weakly coupled
layered (or chained) structures for which, as the tempera-
ture decreases the coherence volume increases sufficiently
to make the interchain (or interlayer) coupling effective,
thus increasing the dimensionality of the system. We sug-
gest that the increasing Coulomb interaction effectively

couples the phonon dynamics on different TaS3 chains at
low temperatures. The strong influence of the CDW can
also be inferred from the LT power low exponent of 2.3.
This non-Debye value implies either a lower dimensional-
ity, as discussed above, or an additional contribution(s)
in this temperature range. A strong CDW contribution is
also present at much lower temperatures [2,3], where the
phonon contribution is almost negligible, so there is no
need to invoke the CDW-phonon coupling.

We have applied the same analysis to the cp data
of (TaSe4)2I. We did not observe strictly linear regimes.
Nonetheless, there is a distinct feature near 90 K (as seen
in the inset of Fig. 2), not far from the temperature at
which a peak in the thermally stimulated discharge cur-
rent has been observed [45], and such a peak is usually
an indication of the freezing of the dielectric relaxation
process. However, in order to resolve this, a detailed di-
electric spectroscopy investigation of (TaSe4)2I is needed,
as the system exhibits complex features associated with a
mixed ground state, as discussed at the end of previous
subsection.

4 Conclusion

We have measured the specific heats of the charge-density-
wave (CDW) materials (TaSe4)2I and TaS3 between 5 K
and 300 K using pulsed calorimetry. These are the first
measurements of the specific heats of the two materials in
such a wide temperature range, particularly for TaSe4)2I,
for which data only below 7 K had been published. Also,
the existence of the cusp-like anomalies at the Peierls tran-
sition temperatures has been shown for the first time.
The size of the anomaly for o-TaS3 is smaller than ex-
pected on the basis of other thermodynamic measure-
ments, but that for (TaSe4)2I is of the magnitude expected
for a less-anisotropic, strongly coupled system. The gener-
alized scaling analysis reveals the presence of a crossover
anomaly at 40 K in TaS3, which can be related to the glass
transition observed at a similar temperature in dielectric
spectroscopy measurements. The fact that the glass tran-
sition on the level of the CDW superstructure affects the
specific heat, governed essentially by phonons in this tem-
perature range, leads to the surprising conclusion that the
interaction between CDW and the phonons is not negligi-
ble below TP . We have discussed briefly the microscopic
origin of these features within the context of CDW mod-
els.
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