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Magnetic, electrical resistivity, heat-capacity, and thermopower anomalies in CeCuAs2
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2The

The results of magnetic susceptibility 共兲, electrical resistivity 共兲, heat-capacity 共C兲, and thermopower 共S兲
measurements on CeCuAs2, forming in the ZrCuSi2-type tetragonal structure, are reported. Our investigations
reveal that Ce is trivalent and there is no clear evidence for long range magnetic ordering down to 45 mK. The
 behavior is notable in the sense that (i) the temperature 共T兲-coefficient of  is negative in the entire range of
measurement (45 mK to 300 K) with large values of , while the S behavior is typical of metallic Kondo
lattices, and (ii)  is proportional to T−0.6 at low temperatures, without any influence on the exponent by the
application of a magnetic field, which does not seem to classify this compound into hither-to-known non-Fermi
liquid (NFL) systems. In contrast to the logarithmic increase known for NFL systems, C / T measured down to
0.5 K exhibits a fall below 2 K. The observed properties of this compound are unusual among Ce systems.
DOI: 10.1103/PhysRevB.70.064406

PACS number(s): 75.50.⫺y, 71.27.⫹a, 72.15.Qm

I. INTRODUCTION

The search for novel Ce compounds remains unabated,
and this direction of research got a boost after the discovery
of non-Fermi-liquid (NFL) behavior1,2 in the physical properties of Ce systems. In particular, there is a considerable
interest in identifying NFL behavior in stoichiometric compounds. Recently, we have reported3,4 unusual transport
anomalies for “normal” rare-earths (that is, other than Ce and
Yb) for the series of compounds, RCuAs2, crystallizing in
the ZrCuSi2-type layered tetragonal structure.5–9 Therefore,
we considered it worthwhile to investigate the compound,
CeCuAs2, also taking note of the fact that the isostructural
CeAgSb2 and U compounds have been found to exhibit interesting properties.10–15 Here, we report the results of magnetic susceptibility,  共T = 1.8– 300 K兲, electrical resistivity,
 共45 mK– 300 K兲, thermopower, S 共4.2– 300 K兲, and heatcapacity, C 共0.5– 30 K兲 measurements on CeCuAs2. While
we cannot detect long range magnetic order in this compound, the observed characteristics are unusual, in particular,
negative temperature coefficient of  in the entire T-range of
investigation (with large values of  in the samples employed), with NFL-like characteristics at low temperatures
without any corresponding anomaly in C, but showing a
peak in C / T around 2 K.
II. EXPERIMENTAL DETAILS

The sample CeCuAs2 in the polycrystalline form was prepared as described in Ref. 4. Stoichiometric amounts of constituent elements 共⬎99.9% 兲 were sealed in an evacuated
quartz tube and heated at 770 K for 2 days and 1170 K for
10 days. The specimen was then characterized by x-ray diffraction and there was no evidence for a secondary phase
within the detection limit 共2 % 兲. The lattice constants [a
= 4.045共1兲 and c = 10.111共2兲 Å] were found to be in good
1098-0121/2004/70(6)/064406(5)/$22.50

agreement with those reported in the literature.5 For  measurements, the sample was pressed into pellets and sintered
again at 1170 K. The  measurements were performed by a
commercial magnetometer employing a magnetic field 共H兲
of 5 kOe. The  data were obtained by a conventional fourprobe method in zero field down to 1.4 K; the measurements
were extended to 45 mK in a dilution refrigerator (Oxford
Instruments) in the presence of 0, 10, and 40 kOe (below 7
K). The C data were collected in the range 0.5– 10 K employing a commercial instrument (Quantum Design) and at
higher temperatures by a homemade calorimeter. The S measurements 共4.2– 300 K兲 were performed by a differential
method and the sample was suspended between two electrically isolated copper blocks across which a temperature gradient of 0.05– 0.3 K was maintained.
III. RESULTS AND DISCUSSION
A. Magnetization

The results of  measurements are shown in Fig. 1. It is
obvious from this figure that the plot of inverse 共T兲 is
nearly linear above 150 K and the value of the effective moment 共eff = 2.68B兲 obtained from the slope is very close to
that expected for trivalent Ce ions. Consistent with this, the
lattice constants follow lanthanide contraction, smoothly interpolating between the values of La and other heavier rareearths in this series.5 The value of the paramagnetic Curie
temperature 共 p兲 in this temperature range is −47 K. As T is
lowered, there is a gradual deviation of this plot from linearity, which is attributed to crystal-field effects. Since this
compound forms in a tetragonal structure, it is expected that
the crystal-field-split ground state is a doublet. It should be
noted that there is no clear evidence for magnetic ordering
down to 2 K (vide infra) and therefore the large value of  p
with a negative sign mentioned above presumably arises
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FIG. 1. Magnetic susceptibility 共兲 and inverse  as a function
of temperature for CeCuAs2 and a line is drawn through the data
points in the high temperature Curie-Weiss region. The −1共T兲 at
low temperatures is shown in an expanded form in an inset and a
continuous line is drawn through the linear region. Another inset
shows isothermal magnetization data at 2 K.

from the Kondo interaction. The value of  p obtained from
the low temperature data (say, below 10 K; see Fig. 1, top
inset) however is close to zero and therefore the exchange
interaction corresponding to the doublet ground state is very
weak. We have also measured isothermal magnetization 共M兲
at 2 K and we find (see Fig. 1, bottom inset) that M is nonhysteretic without any pronounced saturation even at 120
kOe, which rules out ferromagnetic ordering. The absence of
hysteresis behavior rules out spin-glass freezing as well
down to 2 K. The overall shape of the M共H兲 curve is consistent with what one expects for the influence of H on the
paramagnetic Ce ions at 2 K. The fact that the value of the
magnetic moment is less than 1 B even at very high fields is
consistent with the proposal that the ground state is a crystalfield-split doublet.
B. Electrical resistivity and thermopower

We now discuss the  data shown in Fig. 2(a). It is to be
noted that the value of  is quite large at 300 K (of the order
of 11 m⍀ cm), which implies that this compound is strictly
not a good metal. In addition,  keeps increasing with decreasing T down to the lowest temperature measured
共45 mK兲. It is interesting that this situation is completely
different from that observed for all the other members of this
rare-earth series;4 for instance, the nonmagnetic analogs
have been found to exhibit metallic behavior. Therefore, this
behavior is intrinsic to Ce-4f electrons in this compound.
Thus, the double-peaked structure due to an interplay between crystal-field and the Kondo effects expected for trivalent Ce alloys16 is absent for this compound. This prompts us
to raise the question whether this compound could be classified as a Kondo semimetal—a class of compounds attracting
a lot of attention in the literature (see, for instance, Refs.
17–19. In order to look for activated behavior over a wide T

FIG. 2. Electrical resistivity 共兲 as a function of temperature
共1.5– 300 K兲 for CeCuAs2 shown in various ways: (a) Linear scale;
(b) ln  versus 1 / T; (c)  versus log T. The thermopower 共S兲 data
are plotted in (d).

range, we have plotted ln  as a function 1 / T in Fig. 2(b) and
it is apparent that the plot is not linear. Similar behavior has
actually been reported for few other Ce-based Kondo
semiconductors,18,19 e.g., Ce3Bi4Pt3,18 due to possible
T-dependent gap effects. However, we find that  varies essentially logarithmically [Fig. 2(c)] above 25 K, as though
negative d / dT arises from the single-ion Kondo effect. In
order to clarify this issue further, we have measured S as a
function of T, as the Kondo semiconducting behavior should
result in large values of S.20 It is obvious from the Fig. 2(d)
that the magnitude of S is considerably small 共⬍4 V / K兲
compared to the values known21 for Ce3Bi4Pt3 in the T-range
of investigation. The observed sign crossover in S共T兲 with a
negative minimum is also characteristic of many of the
trivalent-Ce Kondo lattices without gap effects.20 Therefore,
we tend to believe that, in CeCuAs2, there is no energy-gap,
at least above 4.2 K.
We show the  data from 45 mK to 6 K in Fig. 3 at
various fields. It is apparent that  continues to increase
monotonically with decreasing T, without any fall expected
for coherent Kondo-lattices or magnetically ordering systems. It is to be noted that the T2 dependence expected for
the Kondo-related Fermi-liquid state is also absent (see Fig.
3, inset), thus showing NFL-like behavior. In this sense, this
compound appears to belong to a small class stoichiometric
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FIG. 3. Electrical resistivity 共兲 as a function of temperature in
the range 45 mK to 6 K for CeCuAs2 in the absence and in the
presence of magnetic fields. In the inset, the zero-field data are
plotted as a function of T2.

compounds exhibiting NFL behavior (see, for instance, Refs.
22–24). However, the magnitude 共−0.6兲 of the exponent is
much smaller than that what is usually seen (greater than 1)
in other NFL systems. Another important finding is that an
application of external field of 0 or 40 kOe (see Fig. 3) does
not change the value of this exponent noticeably, though
there is a reduction of the  values (say, by about 8% for
H = 40 kOe at 0.1 K). Thus, the observed NFL-like behavior
is robust, in sharp contrast to the general expectation25 that H
should restore Fermi-liquid behavior (that is, exponent moving towards 2 with increasing H). It is difficult to explain the
apparent NFL behavior in terms of Kondo-disorder models,26
since it is expected that the application of H should change
the distribution of TK resulting in a variation of the exponent.
Thus anomalously low value of the exponent, which is insensitive to H, coupled with large values of , raise a
question27 whether effects other than what are usually described for previously known NFL systems have to be explored.
Above interpretation of the  data in terms of NFL-like
behavior implies that there is no magnetic ordering below
3 K in this material. Though we have sufficient evidence for
this from isothermal M and  data as well as from the (almost zero) low temperature  p value as described above, we
have also performed preliminary 63Cu NMR measuements28
in the range 0.7– 300 K employing a pulse spectrometer by
varying H at a fixed frequency of 33 MHz. Preliminary measurements clearly reveal the existence of the Cu NMR signal
even at 0.7 K, which would not be the case, if the compound
is magnetically long-range-ordered (that is, magnetic periodicity). The magnitude of the Knight shift keeps increasing
with decreasing T, attaining a value of −3.2% around 2 K.
We have also attempted to measure spin-lattice relaxation
time, but there are difficulties in obtaining absolute values
due to complex spin-echo signal at low temperatures. Hence,
at present it is difficult ascertin from these relaxation rate
studies whether there are energy-gaps developing below 3 K
as a possible “other effect” mentioned in the previous paragraph.

FIG. 4. The plots of (a) heat-capacity 共C兲 as a function of temperature 共0.5– 25 K兲, (b) C / T versus T, and (c) the 4f contribution
共Cm兲 to C, for CeCuAs2.
C. Heat capacity

In order to look for other anomalies known for NFL systems, we have performed C measurements. (The  could be
measured down to 2 K only and hence we would not like to
discuss functional dependence for this property.) There is no
distinct -anomaly or a peak in the plot of C共T兲 [Fig. 4(a)],
characteristic of long range magnetic order of a
ferromagnetic-type or an antiferromagnetic-type. However,
there is a gradual fall below 4.5 K. This feature is more
clearly visible [Fig. 4(b)] in the plot of C / T, in which a peak
is seen at about 2 K. It is difficult to attribute this to long
range ordering, as the fall above the peak is rather sluggish;
that is, it persists until about 8 K. For a comparison, the
reader may see the plots of C / T versus T for other isostructural Ce compounds undergoing long range magnetic order
(Ref. 12). Such a broad feature may not be attributed to
spin-glass freezing, considering that (i) there is no hysteretic
behavior in isothermal M at 2 K (as mentioned earlier), (ii)
we do not find any peak even in the low field 共100 Oe兲 data
(not shown here) with a bifurcation of zero-field-cooled and
field-cooled 共T兲 curves around 4 K. Therefore, the drop in
C below 4 K may have a different origin. If this compound is
a nonmagnetic heavy-fermion, from the  value at 2 K (assuming Wilson ratio of 1), one can expect that the value of
C / T should be much larger than 2 J / mol K2 at the lowest
temperature. The gradual rise of C / T below 8 K may imply
a tendency towards such a large value at much lower temperatures (with already a large value of about
800 mJ/ mol K2 at the peak), but it is cut off by the drop
resulting in a value of about 425 mJ/ mol K2 at 0.5 K. We
have also obtained [Fig. 4(c)] the 4f-contribution 共Cm兲 to C
from the knowledge29 of the C values of YCuAs2 (Ref. 4)
and the 4.5 K-peak cannot be fitted to a Schottky anomaly
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arising from crystal-field splitting. In any case, the crystalfield splitting between the ground state and the first excited
state should be of a much larger magnitude, compared to the
peak temperature of 4.5 K, judged by the corresponding
value in the isostructural compound, CeAgSb2 (Ref. 11). [We
believe that the broad peak in Cm共T兲 around 20 K may arise
from the crystal-field effects; but we would like to view this
feature with some caution, as one is not sure of the subtraction procedure for phonon contribution at such high temperatures.] Therefore, the low temperature drop in C / T is puzzling, as one would have expected a rise (generally
logarithmically) with decreasing T if this system has to be
classified with other known NFL systems. One possible way
to explain this anomaly is to propose that there is a disorderdriven continuous metal-insulator transition in some clusters
of the specimen, resulting in a gradual loss of density of
states with decreasing T. Such a concept has actually been
invoked as a mechanism of NFL behavior,30 but the lowtemperature downturn in C / T is not predicted by the theory
of Ref. 30; it is of interest to explore a modification of this
theory to find conditions under which a drop in C / T is expected. In short, there is no straightforward explanation for
the C anomaly at the moment.31
IV. CONCLUSION

To conclude, the stoichiometric trivalent-Ce compound,
CeCuAs2, exhibits negative d / dT down to 45 mK, with a
NFL-like behavior at low temperatures without showing a
corresponding anomaly in C. On the one hand, S共T兲 behavior, ruling out possible semiconducting nature as a cause of
negative d / dT in the high temperature range, is consistent
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