Physics and Astronomy Publications

Physics and Astronomy

9-2019

Physical properties of RBi2 (R = La, Ce) under pressure
Li Xiang
Iowa State University and Ames Laboratory, ives@iastate.edu

Elena Gati
Iowa State University and Ames Laboratory, egati@ameslab.gov

Kathryn Neilson
Iowa State University

Sergey L. Bud’ko
Iowa State University and Ames Laboratory, budko@ameslab.gov

Paul C. Canfield
Iowa State University and Ames Laboratory, canfield@ameslab.gov

Follow this and additional works at: https://lib.dr.iastate.edu/physastro_pubs
Part of the Condensed Matter Physics Commons
The complete bibliographic information for this item can be found at https://lib.dr.iastate.edu/physastro_pubs/704.
For information on how to cite this item, please visit http://lib.dr.iastate.edu/howtocite.html.
This Article is brought to you for free and open access by the Physics and Astronomy at Iowa State University
Digital Repository. It has been accepted for inclusion in Physics and Astronomy Publications by an authorized
administrator of Iowa State University Digital Repository. For more information, please contact digirep@iastate.edu.

Physical properties of RBi2 (R = La, Ce) under pressure
Abstract
We present a study of electrical transport properties of RBi2 (R=La,Ce) under hydrostatic pressure up to
∼2.5 GPa. These measurements are complemented by thermodynamic measurements of the specific
heat on CeBi2 at different pressures up to 2.55 GPa. For CeBi2, we find a moderate increase of the
antiferromagnetic transition, TN, from 3.3 K to 4.4 K by pressures up to 2.55 GPa. Notably, resistance
measurements for both CeBi2 and LaBi2 show signatures of superconductivity for pressures above ∼1.7
GPa. However, the absence of superconducting features in specific-heat measurements for CeBi2
indicates that superconductivity in CeBi2 (and most likely LaBi2 as well) is not bulk and likely originates
from traces of Bi flux, either on the surface of the platelike samples, or trapped inside the sample as
laminar inclusions. Finally, we point out that extra caution should be exercised when claiming
superconductivity based just on transport measurements, especially for Bi-containing compounds.

Disciplines
Condensed Matter Physics

Comments
This article is published as Xiang, Li, Elena Gati, Kathryn Neilson, Sergey L. Bud'ko, and Paul C. Canfield.
"Physical properties of R Bi 2 (R= La, Ce) under pressure." Physical Review Materials 3, no. 9 (2019):
095006. DOI: 10.1103/PhysRevMaterials.3.095006 Posted with permission.

This article is available at Iowa State University Digital Repository: https://lib.dr.iastate.edu/physastro_pubs/704

PHYSICAL REVIEW MATERIALS 3, 095006 (2019)

Physical properties of RBi2 (R = La, Ce) under pressure
Li Xiang ,1,2,* Elena Gati,1,2 Kathryn Neilson,2 Sergey L. Bud’ko,1,2 and Paul C. Canfield1,2,†
1

2

Ames Laboratory, Iowa State University, Ames, Iowa 50011, USA
Department of Physics and Astronomy, Iowa State University, Ames, Iowa 50011, USA
(Received 19 July 2019; published 24 September 2019)

We present a study of electrical transport properties of RBi2 (R = La, Ce) under hydrostatic pressure up to
∼2.5 GPa. These measurements are complemented by thermodynamic measurements of the specific heat on
CeBi2 at different pressures up to 2.55 GPa. For CeBi2 , we find a moderate increase of the antiferromagnetic
transition, TN , from 3.3 K to 4.4 K by pressures up to 2.55 GPa. Notably, resistance measurements for both
CeBi2 and LaBi2 show signatures of superconductivity for pressures above ∼1.7 GPa. However, the absence
of superconducting features in specific-heat measurements for CeBi2 indicates that superconductivity in CeBi2
(and most likely LaBi2 as well) is not bulk and likely originates from traces of Bi flux, either on the surface
of the platelike samples, or trapped inside the sample as laminar inclusions. Finally, we point out that extra
caution should be exercised when claiming superconductivity based just on transport measurements, especially
for Bi-containing compounds.
DOI: 10.1103/PhysRevMaterials.3.095006
I. INTRODUCTION

Bi-rich compounds manifest a rich variety of ground states.
For example, Bi-based families such as ABi (A = Li and Na)
[1,2], ABi2 (A = K, Rb, Cs, and Ca) [3,4], and ABi3 (A =
Sr, Ba, Ca, Ni, Co, and La) are superconducting (SC) at low
temperature [5–10]. RBi (R = Ce, Nd, Tb, and Dy) and RBi2
(R = La-Nd, Sm) families have low-temperature magnetic
ground states with complex H-T phase diagrams [11,12].
Moreover, due to the strong spin-orbit coupling of Bi-6p electrons they can have substantial ferromagnetic anisotropy, like
MnBi [13,14], or, more recently, they have became candidates
for realizing novel topological phases, such as topological
insulators or topological superconductors [15–19].
Among these, the RBi2 family displays different magnetic
ground states depending on the choice of R [12]. Structurally,
RBi2 forms in an orthorhombic structure with single layers
of Bi separated from each other by RBi bilayers that are
stacked along the crystallographic b axis [12,20]. When R is
chosen to be the moment-bearing Ce ion, an antiferromagnetic
(AFM) ground state below TN ∼ 3.3 K can be stabilized [12].
A recent study shows that CeBi2 is a Kondo system with a
Sommerfeld coefficient γ over 200 mJ/mol K2 and Kondo
temperature on the order of ∼2 K [20]. On the other hand,
for R = La (non-moment-bearing), LaBi2 reveals metallic
behavior without indications of magnetic ordering or superconductivity down to 1.8 K [12].
In this study, we perform a comparative study of the
ground-state tunability of these two members by external
pressure. We explore the temperature-pressure phase diagram of CeBi2 and LaBi2 by resistance measurements and
complement these, in case of CeBi2 , with specific-heat measurements. Our results show that TN of CeBi2 is moderately
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increased upon increasing pressure. Surprisingly, resistance
measurements of both CeBi2 and LaBi2 show signatures of
pressure-induced superconductivity at low temperature (T 
4 K) above very similar threshold pressures (p  1.68 GPa).
However, specific-heat measurement of CeBi2 does not reveal
any anomaly that could be associated with a transition into the
superconducting state. We assign these effects to filamentary
SC that likely originates from traces of Bi flux, either on
the surface of the platelike samples, or trapped inside the
sample as laminar inclusions. Finally, the analysis of pressuredependent resistance data at fixed temperatures for CeBi2
suggests that there might be a pressure-induced crossover
most likely associated with pressure-induced changes in the
Kondo temperature and crystal electric field splitting.
II. EXPERIMENTAL DETAILS

Single crystals of CeBi2 and LaBi2 were grown by a Bi
self-flux technique with the help of a frit-disk alumina crucible
set [21,22]. For CeBi2 , Ce and Bi in the molar ratio 9:91
were loaded into a crucible set and sealed into a fused silica
ampoule under partial argon atmosphere. The ampoule was
heated to 1000 ◦ C in 5 h and dwelled at this temperature for
another 4 h. It was then slowly cooled to 600 ◦ C over 45 h. At
this temperature, the ampoule was removed from the furnace
and excess liquid was decanted with the help of a centrifuge.
For LaBi2 , La and Bi in the molar ratio 8:92 were loaded into
the crucible set, heated to 1000 ◦ C in 5h, dwelled at 1000 ◦ C
for 2 h, and slowly cooled to 350 ◦ C over 80 h. The resulting
crystals of CeBi2 and LaBi2 are millimeter sized and plate
shaped. Both CeBi2 and LaBi2 crystals are air sensitive; the
preparation of experiments was therefore performed in a N2
glove box.
The ac, in-plane resistance measurements were performed
in a Quantum Design physical property measurement system
(PPMS) using a 1 mA excitation with frequency of 17 Hz,
on cooling using a rate of −0.25 K/min. The magnetic
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FIG. 1. Resistance of CeBi2 as a function of temperature at
ambient pressure (measured on sample S1) and at different finite
pressures up to 2.44 GPa (measured on sample S2). The ambientpressure data for S1 are normalized by extrapolating p  1.23 GPa
pressure-dependent resistance data, R(p), at 300 K from S2 back to
0 GPa. A broad hump feature is present in all data sets. The inferred
crossover temperature T  is exemplarily marked for the data set at
2.44 GPa (for more details, see text). Inset: Blowup of the resistance
data at low temperatures showing the magnetic and superconducting
transitions. AFM transition temperature TN is indicated by arrow.
Criterion for Tcoffset is indicated by arrow.

field was applied perpendicular to the current direction. For
CeBi2 , two different samples (labeled as S1 and S2) were
used in resistance measurements. S1 was measured at ambient
conditions outside the pressure cell and S2 was measured
under pressure. The temperature-dependent resistance data for
S1 are normalized by extrapolating p  1.23 GPa pressuredependent resistance data, R(p), at 300 K from S2 back to
0 GPa (see Fig. 1). For LaBi2 , only one sample was measured
under pressure with the pressures 0.60 GPa  p  2.52 GPa.
For both compounds, a standard four-contact configuration
was used with contacts made by Dupont 4929N silver paint.
Specific-heat measurements under pressure were performed
using an ac calorimetry technique on a third sample (sample
S3) in a cryogen-free cryostat from ICEOxford (Lemon-Dry)
with a base temperature of 1.4 K. Details of the setup used and
the measurement protocol are described in Ref. [23].
In this study, a Be-Cu/Ni-Cr-Al hybrid piston-cylinder cell,
similar to the one described in Ref. [24], was used to apply
pressure. Good hydrostatic conditions were achieved by using
a 4:6 mixture of light mineral oil: n-pentane as a pressure
medium, which solidifies, at room temperature, in the range
3–4 GPa, i.e., well above our maximum pressure [24–26].
Pressure values were inferred from the Tc (p) of lead [27],
determined via resistance measurements.
III. RESULTS
A. CeBi2

Figure 1 shows the temperature-dependent resistance of
CeBi2 at ambient pressure (sample S1) and pressure up to

2.44 GPa (sample S2). The temperature-dependent resistance
data for S1 are normalized by extrapolating the 300 K
pressure-dependent resistance data [R(p) for p  1.23 GPa]
measured from S2 back to 0 GPa. As shown in the figure,
the resistance decreases upon cooling, showing a metallic
behavior. At T ∼ 50 K, a broad drop of resistance is observed.
In an earlier work, it was suggested that this drop in R(T ) is
associated with either the coherence in Kondo scattering or
crystal electric field (CEF) splitting of Ce atoms [20]. At T ∼
3.3 K, the resistance shows a kinklike anomaly due to loss of
spin-disorder scattering as CeBi2 undergoes an AFM transition at TN [12,20]. Sample S2 was measured under pressure
and at lowest pressure (0.12 GPa), the resistance of S2 shows
features very similar to those of S1. Upon increasing pressure,
the resistance gradually increases over a large temperature
range (essentially everywhere in the paramagnetic state).
This behavior is seen in many other Ce-based Kondo lattice
systems as well and is often attributed to pressure-induced
shift of characteristic spin-fluctuation temperature and spinfluctuation scattering to higher temperatures [28–31]. The
broad drop of resistance at ambient pressure becomes progressively more pronounced as pressure is increased, and evolves
into a local maximum at highest pressures. The temperature
of this broad drop/hump feature is labeled as T  and indicated
by an arrow in the figure (see below for the description
of the criterion used). The evolution of this feature will be
analyzed and discussed in more detail below. As we move to
the low-temperature region (inset to Fig. 1), for p  1.23 GPa,
the kinklike anomaly, which is associated with the magnetic
transition [12,20], is shifted to higher temperatures upon increasing pressure. Even with this slight increase in TN , the loss
of spin disorder scattering below TN remains fundamentally
the same. As a result, the resistance at 1.8 K, R(1.8 K),
does not show a significant change. Upon increasing from
1.23 GPa to 1.68 GPa, R(1.8 K) shows a sudden decrease.
For p > 1.68 GPa, the resistance as a function of temperature,
R(T ), undergoes a much sharper drop and reaches a zero
value, suggesting a pressure-induced superconducting phase
at low temperature. The critical temperature of this phase is
increased upon increasing pressure.
The temperature derivative of the resistance data is shown
in Fig. 2 to better differentiate between the low-p and high-p
features at low temperature as well as to trace the broad
feature at T ∼ 50 K. As shown in Fig. 2(a), at low pressures (p  1.23 GPa), the magnetic transition shows up as
a jumplike feature in the dR/dT . We therefore define TN as
the midpoint of the jumplike feature in dR/dT [see dotted
lines and arrow in Fig. 2(a) as well as Figs. 5(b) and 5(c)
below]. As a result, TN increases with increasing p with a
slope of ∼0.48 K/GPa. At higher pressures (p  1.68 GPa),
the superconducting transition can be seen as a sharp peak in
dR/dT . Figure 2(b) shows dR/dT curves over a larger temperature range. As shown in the figure, the broad drop/hump
features in R(T ) are reflected in minima dR/dT . We therefore
define the crossover temperature T  , which marks the change
between two different resistance regimes, by the minima in
the dR/dT as indicated by the dashed lines in the figure. It is
clearly seen that T  decreases upon increasing pressure.
To trace the magnetic transition to higher pressures, the
temperature-dependent resistance under magnetic fields up to
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FIG. 2. (a) Temperature derivative of the resistance, dR/dT ,
in the low-temperature region (T  15 K). The criterion for the
determination of the AFM transition temperature TN is illustrated
by dashed lines and marked by the arrow (midpoint of the jumplike
feature). At high pressures, the magnetic anomaly is masked by
a strong drop of resistance, likely due to spurious SC (see main
text). The respective temperature is denoted by Tc (see arrow).
(b) Temperature derivative of the resistance, dR/dT , showing the
evolution of the temperature associated with the broad hump feature
in R(T ) curves. T  is determined by the minimum in dR/dT curves.
Data sets in (a) and (b) are offset for clarity.

9 T applied along the b axis was studied. The applied field
can suppress the superconducting transition which masks the
signature of the magnetic transition for p  1.68 GPa. The
results for selected pressures are presented in Fig. 3. As shown
in Figs. 3(a) and 3(c), at 0.12 GPa the kinklike anomaly in
R(T ) associated with the magnetic transition is broadened in
higher fields, yet not much shifted with an applied field of
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FIG. 3. (a), (b) Temperature-dependent resistance of CeBi2 S2
under magnetic fields up to 9 T for selected pressures. Fields are
applied along the b axis. (c), (d) Temperature derivative of the
resistance data, taken in applied magnetic fields, shown in (a) and
(b), respectively. Data sets are offset for clarity. Criteria for TN at 0 T
and 3 T are indicated by arrows (midpoint of the jumplike feature).
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FIG. 4. Pressure dependence of resistance, R(p), at fixed temperatures for CeBi2 . A change of slope between 1.68 GPa and 1.97 GPa
is indicated by the cross of the dashed line.

3 T. In the temperature derivative of the resistance data, the
corresponding jumplike feature is suppressed with increasing magnetic fields until it disappears at higher fields. At
2.44 GPa, the sharp drop of the resistance in R(T ) associated
with superconducting transition at ∼5 K is suppressed to
lower temperatures with magnetic fields, and the kinklike
anomaly reemerges at ∼4 K. Further increasing magnetic
fields broadens the kinklike anomaly until it disappears. Similarly, in the temperature derivative dR/dT , we first observed
a sharp peak associated with the superconducting transition
at low magnetic fields. Upon increasing the field, the sharp
peak is suppressed and shifted to lower temperatures; at the
same time, a second jumplike feature emerges. At even higher
fields, both features disappear. By analogy we associate this
reemerged kinklike anomaly in R(T ) (jumplike feature in
dR/dT ) with the same magnetic transition that is observed at
low pressures. The resistance does not become zero at 1.8 K
for magnetic field B  2 T indicating a critical field of ∼2 T
at 1.8 K.
To further investigate the overall increase of resistance
with pressure, we present in Fig. 4 the pressure-dependent
resistance R(p) at fixed temperatures. As shown in the figure,
a change of slope is observed when pressure is increased from
1.68 GPa to 1.97 GPa at 10 K; this feature persists up to
300 K, the highest temperature investigated in this study. The
strongest pressure responses are for T  T  , suggesting shifts
in the Kondo feature around T  , whereas the R(p) data for
300 K are quite similar to what is found for LaBi2 in Fig. 9
(see below).
The observation of a state with zero resistance in CeBi2
calls for a thermodynamic investigation of the temperaturepressure phase diagram. Thus, we studied the specific heat
of CeBi2 (sample S3) under pressure and the results are
presented in Fig. 5(a). At lowest pressure (0.04 GPa), very
close to ambient pressure, the specific heat, Cp (T ), nicely
reveals a nearly mean-field-like anomaly at T ∼ 3.2 K, which
speaks in favor of a second-order phase transition. The shape,
position, and size of the feature are consistent with the specific
results of a previous study and therefore allow us to assign
this feature to the magnetic transition at TN . Figures 5(b)
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FIG. 5. (a) Evolution of the temperature-dependent specific heat,
Cp (T ), with pressure up to 2.55 GPa for CeBi2 S3. Criterion for
TN is indicated by arrow (midpoint of the specific-heat jump). The
inset shows the data near 4.6 K for 2.36 GPa; the gray vertical line
indicates a 13.2 mJ/mol K specific-heat jump at 4.6 K (details are
discussed in the main text). (b), (c) Temperature-dependent specificheat data and temperature derivative of the resistance data at two sets
of nearly identical pressures [(b) 0.04 GPa and 0 GPa, (c) 1.28 GPa
and 1.23 GPa]. Note that the midpoint criterion gives the same TN
values for both data sets.
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determined from resistance measurement. Blue pentagons represent
T  determined from resistance measurement (note the right axis used
here for T  ). Gray and red areas represent the antiferromagnetically
ordered and filamentary-superconducting regions, respectively.

resistive Tc are very close. However, even at high pressure, at
which we expect that TN and Tc are well separated, no feature
in the specific heat occurs [see inset of Fig. 5(a)]. Another
possibility for the apparent absence of a specific-heat feature
might be that the superconducting jump size is very small and
therefore falls below the resolution limit. In the following,
we provide estimates for the lower and upper bound of the
superconducting jump size in CeBi2 .
For a phonon-mediated Bardeen-Cooper-Schrieffer (BCS)
superconductor, the specific-heat jump at the superconducting
transition can be written as
C = 1.43γ Tc ,

and 5(c) show the comparison between temperaturedependent Cp and dR/dT at two sets of nearly identical
pressures (0.04 GPa and 0 GPa, 1.28 GPa and 1.23 GPa).
As shown in the figure, temperature-dependent Cp (T ) and
dR/dT exhibit similar jumplike features at the transition
temperature which are consistent with the Fisher-Langer relation [32,33]. Thus, to determine the transition temperature,
TN , from specific-heat measurement, the same criterion as
in the resistance measurement is used [midpoint of jumplike
anomaly as indicated by dashed lines and arrow in Fig. 5(a)].
As pressure is increased up to 2.55 GPa, TN is monotonically
increased. At the same time, the jump size of the anomaly
does not significantly change indicating that the amount of
entropy released at TN is unchanged. However, we did not
observe a second feature at any pressure, thus suggesting
that CeBi2 does not undergo any other phase transition than
the magnetic one. This includes in particular also a possible
superconducting transition for p > 1.68 GPa inferred from
our resistance data. One might argue that a possible superconducting feature in specific heat is masked by the huge
entropy release at the magnetic transition, as TN and the

2.0

T ' (K)

8
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(1)

where γ is the electronic Sommerfeld coefficient and Tc is the
superconducting transition temperature. To estimate a possible lower limit of C, we first assume that superconductivity
is unrelated to the Kondo lattice nature of CeBi2 . Thus, for
the choice of γ , we refer to the nonmagnetic reference LaBi2
which is isostructural to CeBi2 . Since LaBi2 has a γ value
of 2 mJ/mol K2 [12], with Tc ∼ 4.6 K from Fig. 1, we get
C = 13.2 mJ/mol K. Compared to the noise level, such
value of specific jump [gray vertical line in the inset of
Fig. 5(a)] should be resolvable. For an upper limit, we take
the γ value of the Kondo lattice CeBi2 , 200 mJ/mol K2 [20],
we get C = 1.32 J/mol K, which would be one hundred
times larger than the gray vertical line in the inset of Fig. 5(a).
The absence of any resolvable specific-heat jump feature,
which can be associated with superconductivity, suggests that
the pressure-induced superconductivity is likely filamentary
rather than bulk. This conclusion will be related again below
after presentation of data on LaBi2 .
We summarize our TN and T  data for CeBi2 as well as
our Tcoffset (filamentary) data in the temperature-pressure (T-p)
phase diagram shown in Fig. 6. For the magnetic transition,
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FIG. 7. Resistance of LaBi2 as a function of temperature at
different pressures for 0.60 GPa  p  2.52 GPa. Upper inset:
Blowup of the resistance data at low temperatures showing the
superconducting transition. Criterion for Tcoffset is indicated by arrow.
Bottom inset: Superconducting transition temperature, Tcoffset , as a
function of pressure. Red area represent the superconducting region
as inferred from resistance measurement.

both TN at zero field and 3 T from resistance measurement
(Fig. 3) and TN from zero-field specific-heat data are included.
For the superconducting transition, Tcoffset is determined from
resistance measurement [Fig. 1(b)]. The TN values, inferred
from R(T, p) and C(T, p), agree reasonably well within their
experimental resolution. As shown in Fig. 6, magnetic field
suppresses magnetic transition TN slightly (∼0.2 K by 3 T), as
is often the case for antiferromagnets. TN increases monotonically with pressure with a rate of 0.48 K/GPa up to 2.55 GPa.
For superconductivity, it first sets in at ∼1.68 GPa with a sharp
drop in R(T ), yet does not give rise to zero resistance down
to 1.8 K. Upon increasing pressure, the drop in R(T ) becomes
progressively sharper and zero resistance at low temperature
is reached as well. Furthermore, from 1.68 GPa to 2.44 GPa,
Tcoffset monotonically increases from 2.1 K to 4.8 K, appearing
to saturate at our highest pressure. Finally, the temperature T 
associated with Kondo coherence scattering or CEF splitting
is suppressed upon increasing pressure, with T   98 K at
0 GPa and 74 K at 2.44 GPa.
B. LaBi2

Next, we discuss our resistance data for the nonmagnetic,
LaBi2 , member of the RBi2 family. Figure 7 presents the
pressure evolution of the temperature-dependent resistance
for LaBi2 with pressures 0.60 GPa  p  2.52 GPa. For
all pressures, resistance decreases upon cooling, showing
metallic behavior. For a large temperature range (T  50 K),
the resistance shows linear dependence on temperature. In
the low-temperature region (upper inset of Fig. 7), for p 
1.03 GPa, resistance as a function of temperature is relatively
flat suggesting that the low-temperature resistance is dominated by impurity scattering. At 1.68 GPa, R(T ) shows a faster
drop of resistance below ∼2.5 K. When pressure is further
increased, this drop of resistance becomes more pronounced.
At 2.52 GPa, resistance actually drops to zero below 2.7 K,

0

4

8
H (T)

0

H (T)

0.4

12

FIG. 8. Evolution of the field-dependent resistance at 2 K of
LaBi2 with pressure 0.60 GPa  p  2.52 GPa and fields applied
along the b axis. The lowest pressure data (0 GPa) are not included
due to excessive noise. Inset shows the blowups of the low-field
region.

suggesting pressure-induced superconductivity. The drop of
resistance, visible for 1.68 GPa  p  2.34 GPa, is likely
to be associated with traces of a superconducting phase.
Using the criterion defined in the upper inset of Fig. 7, the
superconducting transition temperature, Tcoffset , can be traced
and the results are shown in the bottom inset of Fig. 7. As
shown in the figure, Tcoffset increases from 1.2 K to 3 K when
pressure is increased from 2.10 GPa to 2.52 GPa.
The field dependence of the resistance at 2 K was studied
and is presented in Fig. 8. For p  1.03 GPa, resistance
gradually increases with magnetic field with a slightly upbending curvature. For p  1.68 GPa, at low fields, the resistance first undergoes a fast increase upon increasing fields,
which is likely due to the suppression of superconductivity.
At higher fields, R(H ) curves behave similarly to the ones at
lower pressures. Moreover, at 2.52 GPa the zero resistance
at 2 K is lifted for H  500 Oe, indicating a critical field
of ∼500 Oe. Bearing in mind that close to ambient pressure
the magnetoresistance clearly deviates from the conventional
H 2 behavior, we observe that pressures up to ∼2.5 GPa
do not modify this behavior (besides the lower field effects
of superconductivity) in any conspicuous way. The data in
Figs. 7 and 8 are consistent with traces of the SC phase, with
distributions of Tc values existing in the LaBi2 sample. The
mean Tc of these filamentary traces increases with pressure
for p > 1.68 GPa.
To better visualize the pressure evolution of the higher
temperature resistance for LaBi2 , Fig. 9 presents the pressuredependent resistance R(p) at fixed temperatures. The resistance of LaBi2 first decreases and then increases with pressure, giving rise to a broad minimum between 1.03 GPa
and 1.68 GPa. Compared with the R(p) of CeBi2 , R(p) of
LaBi2 has a similar higher-pressure, higher-temperature upturn, but lacks the larger T  T  pressure dependence seen in
CeBi2 .
IV. DISCUSSION

Before discussing the implications of the zero-resistive
state, which we observed in CeBi2 and LaBi2 at higher
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FIG. 9. Pressure dependence of resistance, R(p), at fixed temperatures for LaBi2 . The lowest pressure data (0 GPa) are not included
due to excessive noise.

pressures, we first focus on the increase of TN and decrease
of T  under pressure in CeBi2 , as this is robustly established
by our resistance and specific-heat study. The properties
of a Kondo lattice system are usually dominated by two
characteristic energy scales, which are both susceptible to
externally applied pressure: Ruderman-Kittel-Kasuya-Yosida
(RKKY) interaction energy TRKKY ∝ J 2 and Kondo interaction energy TK ∝ e−1/J where J is the exchange interaction
[34–38]. When TRKKY  TK , the ground state is magnetic and
for TK  TRKKY , it is nonmagnetic. The competition between
them and the resulting ground state is often described by the
Doniach phase diagram [39]. For Ce-based compounds, the
ground state is often magnetic. Applying external pressure can
suppress the magnetic transition temperature to zero and lead
to a nonmagnetic ground state via a quantum critical point
[40–45]. In our study, the AFM transition temperature TN of
CeBi2 is moderately increased by pressure up to ∼2.5 GPa.
This suggests that at ambient pressure, CeBi2 is deeply in
its magnetic state and higher pressure is needed to suppress
TN [44,46–48]. This is compatible with the Doniach picture,
as there is a maximum of TN due to the explicit functional
dependencies of TRKKY and TK . Moreover, in the Doniach picture, when pressurizing a Ce-based Kondo lattice, an increase
of TK is often observed due to the enhancement of exchange
interaction J [28,49]. This, in turn, should give rise to a shift of
broad resistive features, associated with TK , to higher temperatures with pressure. Therefore, a suppression of T  observed in
this study suggests that the broad drop/hump feature in R(T )
cannot be explained by only the Kondo coherence scattering
[29,31,50].
The resistance measurements for both CeBi2 and LaBi2
reveal a zero-resistive state at high pressures, suggesting
a pressure-induced SC phase for these compounds. By
comparing their T-p phase diagrams [Figs. 6 and 7 (inset)],
we see that the two phase diagrams exhibit similar SC phase
regions, but with slightly different onset pressures and Tc values. For CeBi2 , Tc saturated at ∼4.8 K by 2.44 GPa whereas
Tc of LaBi2 reaches ∼3 K but seems still rising with pressure.
Moreover, at the highest pressures in this study (2.44 GPa for

CeBi2 and 2.52 GPa for LaBi2 ), CeBi2 and LaBi2 have very
different critical fields at ∼2 K (∼2 T for CeBi2 and ∼500 Oe
for LaBi2 ).
Despite the zero-resistive state and relatively sharp resistance drop at high pressures for CeBi2 and LaBi2 , we would
like to argue that the observed SC feature is extrinsic for
the following reasons. First of all, specific-heat measurement
under pressure for CeBi2 does not reveal any SC feature which
strongly speaks in favor of filamentary SC. Second, similar
Tc values for Ce and La are unlikely in bulk RBi2 . On one
hand, if the SC in these two compounds is a standard BCS SC,
then hybridizing rare-earth elements such as Ce or Yb suppresses Tc aggressively [51–53]. On the other hand, if CeBi2
at high pressures becomes a heavy-fermion superconductor,
the specific-heat jump anomaly at Tc should be even bigger.
Then similar SC onset pressure and Tc between LaBi2 and
CeBi2 are unlikely again as LaBi2 is not a heavy-fermion
compound.
To speculate about the possible origin of the filamentary
SC, we refer to the literature. First we notice that a similar
situation has been found in other Bi compounds as well
where SC is attributed to Bi flux or thin films of Bi [54–56].
Moreover, it is known that single-crystalline Bi undergoes
sequential structural transitions upon increasing pressure and
possesses rich physics under pressure [57–59]. Specifically, at
low temperature, Bi-II exists between 2.55 GPa and 2.70 GPa
with Tc ∼ 3.9 K and upper critical field μ0 Hc2 (2 K) ∼ 0.05 T,
and Bi-III exists between 2.70 GPa and 7.7 GPa with Tc ∼ 7 K
and μ0 Hc2 (2 K) ∼ 3 T [59]. Owing to the very similar Tc of
Bi-II to our results on CeBi2 in the almost identical pressure
range, we suspect that the filamentary SC we observed in
the resistance measurement of CeBi2 originates from traces
of Bi flux. It is likely that the SC in LaBi2 is nonbulk
and origins from Bi flux as well. Slight differences in onset
pressure and μ0 Hc2 could arise from details of the unit cell
parameters which could give rise to slightly different strain
conditions.
V. CONCLUSION

In conclusion, the resistance of RBi2 (R = La and Ce)
under pressure up to ∼2.5 GPa and ac specific heat of CeBi2
under pressure up to 2.55 GPa have been studied. Our studies
show that for CeBi2 the antiferromagnetic transition temperature, TN , increases upon increasing pressure with the rate of
∼0.48 K/GPa. This fits into the Doniach phase diagram and
suggests that there might be a maximum of TN , followed by
its decrease and finally a quantum critical point at possibly
significantly higher pressures. Resistance and ac specific-heat
measurements of CeBi2 together suggest that the pressureinduced superconductivity in CeBi2 is likely not bulk. It is
likely that the SC phase is filamentary Bi either on the surface
or as laminar in the bulk of the sample. We suspect that
the pressure-induced superconductivity in LaBi2 arises from
a similar extrinsic origin given that the onset pressure and
transition temperature of superconductivity are very similar to
that of CeBi2 . Further pressure-dependent resistance analyses
for CeBi2 and LaBi2 indicate some anomalies in the R(p)
curves, a change of slope between 1.68 GPa and 1.97 GPa for
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CeBi2 , and a broad minimum between 1.03 GPa and 1.68 GPa
for LaBi2 . Taken together, these suggest that the stronger,
low-temperature features seen near and below T  for CeBi2
are related to the pressure-dependent hybridization and crystal
electric field splitting of the Ce.
Finally, we would like to point out, again, that when
studying the properties of Bi-rich compounds under pressure,
one needs to be very careful and mindful of the various phases
elemental Bi has and the rich physics these phases display at
different pressures [57–59].
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