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Semimetallic Kondo lattice behavior in YbPdAs with a distorted kagome structure
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We have synthesized YbPdAs with the hexagonal ZrNiAl-type structure in which the Yb atoms form a
distorted kagome sublattice in the hexagonal-basal plane. Magnetic, transport, and thermodynamic measure-
ments indicate that YbPdAs is a low-carrier Kondo lattice compound with an antiferromagnetic transition at
TN = 6.6 K, which is slightly suppressed in applied magnetic fields up to 9 T. The magnetic entropy at TN

recovers only 33% of Rln2, the full entropy of the ground-state doublet of the Yb-ions. The resistivity displays
a − ln T dependence between 30 and 15 K, followed by a broad maximum at Tcoh = 12 K upon cooling. Below
Tcoh, the magnetoresistance changes from negative to positive, suggesting a crossover from single-ion Kondo
scattering processes at intermediate temperatures to coherent Kondo lattice behaviors at low temperatures. Both
the Hall resistivity measurements and band-structure calculations indicate a relatively low carrier concentration
in YbPdAs. Our results suggest that YbPdAs could provide an opportunity for examining the interplay of Kondo
physics and magnetic frustration in low carrier systems.

DOI: 10.1103/PhysRevB.106.075132

I. INTRODUCTION

Magnetic frustration is an important means for tuning
heavy-fermion systems, as exemplified by the proposed global
phase diagram [1–4], which considers both frustration and
Kondo hybridization as tuning parameters. Upon increasing
the frustration strength within the weak Kondo hybridization
regime, magnetic order can be destroyed yielding a spin-liquid
ground state with localized 4 f electrons. With a stronger
Kondo hybridization, the system may directly change from
a spin liquid to a heavy Fermi-liquid state, which could cor-
respond to either a quantum phase transition or a crossover
[3–5].

Rare-earth compounds with the hexagonal ZrNiAl-type
structure (space-group P6̄2m, No. 189), where magnetic rare-
earth atoms form a distorted kagome sublattice, exhibit a
range of frustration induced behaviors, such as partial or-
dering [6], noncollinear magnetism [7], and spin ice states
[8]. Some Ce- and Yb-based compounds with this structure
exhibit remarkable manifestations of the interplay between
magnetic frustration and the Kondo effect [9], where system-
atic investigations have revealed unusual physical properties,

*msmidman@zju.edu.cn
†hqyuan@zju.edu.cn

such as a possible extended spin liquid phase in CePdAl
[10–15], as well as complex phase diagrams together with
novel quantum criticality in both CePdAl and YbAgGe
[10–18]. However, evidence for the coexistence of the Kondo
effect and significant magnetic frustration has only been found
in a limited number of these materials [11,17,19–21], and
frustration-induced novel phenomena have not been reported
for many isostructural compounds [9,22–24]. This poses the
question as to conditions necessary for realizing strong mag-
netic frustration in such Kondo intermetallics.

To examine this issue, the nearest-neighbor (NN) distances
between the Ce/Yb atoms, both within (lin) and out of (lout)
the basal plane [Fig. 1(a)], have been summarized in Table I
for several compounds together with some of their physical
properties. The difference between the in and out of plane
distances �l = lout − lin is also calculated, shown together
with �l/lin, which potentially serves as an approximate mea-
sure of the effective dimensionality of the magnetic sublattice.
It can be seen that for CePdAl and YbAgGe, which exhibit
frustration-induced novel phenomena, both �l and �l/lin are
considerably larger, indicating that the strong frustration in
these systems may in part be a consequence of the reduced
dimensionality. Such a reduced dimensionality has been ev-
idenced by their highly anisotropic transport and magnetic
properties [12,16,18]. For YbPdAs, �l = 0.22 Å and �l/lin =
6.0% [25], which whereas smaller than the aforementioned
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TABLE I. A summary of NN distances between Ce/Yb atoms in several compounds with the ZrNiAl-type structure, where lin, lout, and
�l = lout − lin are NN distances in the hexagonal plane, out of the plane, and their differences, respectively.

Compounds lin (Å) lout (Å) �l (Å) �l/lin (%) Properties

CePdAl [12–14,26] 3.79 4.23 0.44 11.6 Frustration; Quantum criticality (under pressure/magnetic field)
YbAgGe [16,17] 3.70 4.14 0.44 11.9 Frustration; Quantum criticality (under magnetic field)
YbPdAs [25] 3.69 3.91 0.22 6.0
YbPtSn [23] 3.87 3.93 0.06 1.6 TN = 3.3 K
CePdIn [34] 4.04 4.08 0.04 1.0 TN = 1.6 K
YbPtIn [31,32] 3.79 3.77 –0.02 –0.5 Weak frustration; TN1 = 3.4 K, TN2 = 1.4 K
α-YbPdSn [24] 3.98 3.76 –0.22 –5.5 TN = 0.25 K
YbRhSn [22] 3.96 3.67 –0.29 –7.3 TN1 = 1.85 K, TN2 = 1.4 K

CePdAl/YbAgGe, is relatively large compared to several
others, yet other physical properties are not yet reported.

Here we have synthesized polycrystalline YbPdAs and
characterized its physical properties using transport, mag-
netic, and thermodynamic measurements. Our results indicate
that YbPdAs is a Kondo lattice compound with a second-order
magnetic phase transition at TN = 6.6 K. In-field measure-
ments show that TN is rather robust to applied magnetic field
up to 9 T. Band-structure calculations show a small Fermi

FIG. 1. (a) Crystal structure of YbPdAs, where the right image
highlights the distorted kagome lattice formed by Yb atoms in the
hexagonal basal plane. Powder neutron-diffraction patterns of YbP-
dAs are shown at (b) 300 K, and (c) 4 K. The solid black lines show
the calculated patterns from the Rietveld refinements. The inset of
(c) shows the data at 4 K (below TN) and 10 K (right above TN) at
low angles where the 10 K data have been shifted downwards for
comparison. The asterisk and arrow indicate a peak from the impurity
phase Yb2O3 and a possible additional peak present only at 4 K,
respectively.

surface with the presence of both electron and hole carriers,
indicating a low carrier nature, in line with the relatively
large resistivity and Hall coefficient. Our studies suggest that
YbPdAs is a low carrier Kondo system where magnetism may
potentially coexist with magnetic frustration.

II. EXPERIMENTAL METHODS

Polycrystalline YbPdAs and LuPdAs (as a nonmagnetic
reference) were synthesized using a solid-state reaction
method. The binary material PdAs2 was first synthesized by
reacting stoichiometric Pd powder (99.9%, Alfa Aesar) and
As granules (99.999%, Alfa Aesar) at 700 ◦C for 2 days.
The PdAs2 powder was then mixed with Yb or Lu pieces
(99.9%, Alfa Aesar) and Pd powder. The mixture was pel-
letized, wrapped in Ta foil, and sealed in an evacuated quartz
ampule. The quartz ampule was slowly heated up to 900 ◦C,
kept there for 3 days before being furnace cooled down to
room temperature. The formation of the much more stable
YbAs phase appears to hinder the growth of YbPdAs single
crystals [27].

The crystal structure was characterized at room temper-
ature by powder x-ray diffraction on a PANalytical X’Pert
MRD diffractometer with Cu Kα radiation monochromated
by graphite. Further characterization using neutron diffrac-
tion at 300, 200, 10, and 4 K was performed using the
high-resolution powder diffractometor Xuanwu at the China
Mianyang Research Reactor with a neutron wavelength of
1.8846 Å. Rietveld refinements were performed on the ob-
tained patterns using the FULLPROF package.

The electrical resistivity and heat capacity were measured
using a Quantum Design Physical Property Measurement
System (PPMS-9T) equipped with a 3He insert. The magne-
tization was measured down to 2 K using a Quantum Design
Magnetic Property Measurement System 5T, and a vibrating
sample magnetometer on a PPMS. Hall measurements were
performed using a PPMS-9T, utilizing a four-wire method on
a well-polished sample where the transverse contribution (ρxx)
was removed by subtracting the negative field data from those
at corresponding positive fields.

Density functional theory (DFT) calculations were per-
formed using the plane-wave projected augmented-wave
method as implemented in the Vienna ab initio simulation
package (VASP) code [28,29]. A plane-wave basis up to 400 eV
and 6 × 6 × 12 �-centered K mesh were used to integrate
over the Brillouin zone. The 4 f electrons are assumed to be
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TABLE II. The lattice parameters and atomic positions of YbPdAs obtained from Rietveld refinements on the powder neutron-diffraction
data at 4 and 300 K, together with the profile factor Rp and the weighted profile factor Rwp.

4 K 300 K

Lattice parameters a (Å) b (Å) c (Å) a (Å) b (Å) c (Å)
6.963(1) 6.963(1) 3.917(1) 7.002(1) 7.002(1) 3.914(1)

Atomic coordinates x y z x y z
Yb 0.5979(5) 0.0000 0.0000 0.5967(6) 0.0000 0.0000
Pd 0.2673(9) 0.0000 0.5000 0.2618(13) 0.0000 0.5000
As1 0.3333 0.6667 0.5000 0.3333 0.6667 0.5000
As2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

R factors Rp (%) Rwp (%) Rp (%) Rwp (%)
3.75 4.97 3.16 4.06

core states in the calculations and spin-orbit coupling (SOC)
was considered in all calculations. The band structures from
VASP were fitted to tight-binding Hamiltonians using the max-
imally projected Wannier function method [30]. The Fermi
surfaces are then obtained by interpolating the band structure
to a 100 × 100 × 100 dense K mesh using this tight-binding
Hamiltonian.

III. RESULTS AND DISCUSSION

A. Zero-field characterization

Figure 1 shows powder neutron-diffraction patterns for
YbPdAs at 300 and 4 K together with the simulated pat-
terns from Rietveld structural refinements. A small unmatched
peak at 2θ ≈ 62.0◦ is due to a Yb2O3 impurity phase [33].
The refined crystal structure parameters are listed in Ta-
ble II. The obtained lattice parameters are a = b = 7.002(1)
and c = 3.914(1) Å at 300 K, being consistent with the
previous report [25]. Accordingly, values of lin and lout of
3.691(1) and 3.914(1) Å are obtained, respectively, at 300 K
[3.678(1) and 3.917(1) Å at 4 K], yielding �l of 0.223(1)
Å at 300 K [0.239(1) Å at 4 K]. This indicates a moderate
two-dimensionality for the Yb sublattice. Consistent neutron-
diffraction profiles at 4 and 300 K exclude a possible structural
transition upon cooling. There are no clearly resolved addi-
tional peaks at 4 K compared to 10 K, but there is a weak bump
at 2θ = 20.8◦, as shown in the inset of Fig. 1(c). The absence
of clearly resolved magnetic peaks at 4 K may be due to the
small size of the ordered moments, which can be reduced
by crystal-electric-field (CEF) effects, Kondo screening, and
magnetic frustration. Further measurements on a high-flux
cold neutron diffractometer at lower temperatures may be able
to resolve magnetic Bragg peaks in YbPdAs corresponding to
the magnetic order (see below).

Figure 2 shows the temperature dependence of the mag-
netic susceptibility χ (T ) and its inverse 1/χ (T ) of YbPdAs
from 300 to 2 K. The 1/χ (T ) for T � 20 K exhibits a Curie-
Weiss behavior χ = C/(T − θp), where C and θp are the Curie
constant and Weiss temperature, respectively. The derived
effective moment μe f f of 4.3(1)μB/Yb indicates a trivalent
nature of the Yb ions, and the negative θP of −23(1) K
suggests dominant antiferromagnetic interactions between Yb
moments.

In Fig. 3, the temperature dependence of the electrical re-
sistivity ρ(T ) and heat-capacity C(T ) are shown. The ρ(T ) of
YbPdAs increases with decreasing temperature down to 12 K
where there is a broad maximum. This is in contrast with the
metallic behavior for isostructural nonmagnetic LuPdAs. This
implies that there is an important role played by hybridiza-
tion between conduction electrons and 4 f electrons (c − f
hybridization). As shown in the inset of Fig. 3(a), ρ(T ) shows
a logarithmic temperature dependence between 15 and 30 K,
indicating the presence of the Kondo effect. The resistivity
is on the order of m� cm for YbPdAs, which is at least
one order of magnitude larger than that typical for Yb-based
metallic Kondo compounds [21]. Such a large resistivity is
similar to that for YbRh3Si7 where the negative slope of the
resistivity is ascribed to Kondo scattering in the framework
of a semimetallic electronic structure [35]. As shown in the
main panel of Fig. 3(b), C(T ) at T � 30 K can be well fitted
by a Debye model (red solid line) with a Debye temperature
ΘD of 210(5) K. This fitting is used to estimate the phonon
contribution to C(T ) across the whole temperature range.

The low-temperature data of χ (T ), C(T )/T , and ρ(T )
of YbPdAs are displayed in Fig. 4. Here 1/χ (T ) displays a

FIG. 2. Temperature dependence of the magnetic susceptibility
χ (T ) and inverse magnetic susceptibility 1/χ (T ) from 300 to 2 K
measured in an applied field of 0.1 T. The fit using the Curie-Weiss
law to the high-temperature data of 1/χ (T ) is shown by a red solid
line.
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FIG. 3. (a) Temperature dependence of the resistivity ρ(T ) of
YbPdAs and LuPdAs from 300 to 1.9 K. The inset shows the data
of YbPdAs on a logarithmic temperature scale where the dashed
line corresponds to a logarithmic temperature dependence. (b) Tem-
perature dependence of the heat-capacity C(T ) of YbPdAs, and the
corresponding fit using the Debye model (solid red line).

small deviation from the Curie-Weiss law below about 12 K,
where C(T )/T starts to increase significantly, and ρ(T ) shows
a broad maximum. These features are consistent with the
gradual development of Kondo coherence upon cooling where
the peak temperature in ρ(T ) is regarded as the coherence
temperature Tcoh. At around 6.6 K, χ (T ) has a change in
slope [see the inset of Fig. 4(a)], C(T )/T exhibits a sharp
λ-shaped peak, and there is an anomaly in ρ(T ). Furthermore,
no discernible differences are found in χ (T ) data between
field cooling and zero-field cooling as shown in Fig. 4(a).
These data indicate a second-order magnetic phase transition
at TN = 6.6 K, which is most likely antiferromagnetic (AFM).
Note that the weak anomalies at 2.3 K are due to a small
amount of antiferromagnetic Yb2O3, which can be suppressed
by a small applied magnetic field as reported for other Yb-
based compounds containing Yb2O3 as an impurity [21]. As
displayed in Fig. 4(a), the transition at TN leads to a relatively
weak anomaly in χ (T ) in YbPdAs. Such weak anomalies in
χ (T ) at TN have been observed in a number of Yb-based
antiferromagnets [35,36], and the polycrystalline nature of the
samples used here may further make the signature in χ (T )
difficult to resolve.

Figure 5(a) shows C(T )/T together with the electronic
contribution Cel (T )/T obtained after subtracting the phonon
contribution (red solid line in Fig. 3). It can be seen that
Cel (T )/T displays a −ln T dependence immediately above TN

FIG. 4. Low-temperature data of (a) magnetic susceptibility
χ (T), (b) specific-heat C(T )/T , and (c) resistivity ρ(T ) of YbPdAs.
The red dashed line in (a) corresponds to the high-temperature linear
behavior of 1/χ (T). The insets in (a) and (c) show the derivatives of
χ (T) and ρ(T ), respectively.

(in the range of 7–15 K). This feature has been observed previ-
ously in the specific heat of CePdAl [11], which was attributed
to enhanced spin fluctuations arising from the underlying geo-
metric frustration. For YbPdAs, the −ln T increase in C(T )/T
is concomitant with the development of a coherence peak in
ρ(T ). Cel/T flattens below 1 K to 25 mJ mol−1K−2, indicating
a small value of the Sommerfeld coefficient γ in the AFM
state. This could be related to the low carrier densities, which
may lead to a shortage of conduction electrons in the c − f
hybridization process (so-called Kondo exhaustion [37,38]),
giving rise to a reduced γ value [39]. On the other hand, the
reduced γ is not likely due to the opening of an energy gap,
given the decrease in ρ(T ) at low temperatures.

The relative magnetic entropy �S is calculated by inte-
grating Cel/T from 0.4 K (the contribution below that is
negligible), which is shown in Fig. 5(b). The entropy re-
leased up to TN is only about 0.33R ln2, which is much less
than R ln2, the expected entropy corresponding to the CEF

075132-4



SEMIMETALLIC KONDO LATTICE BEHAVIOR IN YbPdAs … PHYSICAL REVIEW B 106, 075132 (2022)

FIG. 5. (a) Specific-heat C(T )/T of YbPdAs shown on a loga-
rithmic temperature scale (black circles) together with the electronic
contribution Cel (T )/T (blue circles). (b) The magnetic entropy �S
obtained by integrating the Cel (T )/T data in (a).

ground-state doublet. The integrated entropy reaches Rln2 at
T � 30 K. In YbPdAs, both the Kondo effect and frustration
may lead to such a reduced entropy at the transition.

B. In-field properties

Figure 6 shows ρ(T ) under different magnetic fields up
to 9 T, applied parallel (H ‖ I) and perpendicular (H ⊥ I) to
the current direction. For both field directions, the coherence
peaks are suppressed to lower temperature with increasing
magnetic field, whereas ρ(T ) at T < Tcoh increases. These
observations are not consistent with a single-ion Kondo im-
purity model, where ρ at lower temperatures would be also
suppressed by external magnetic fields [21,23,40]. The field
dependence of TN can be observed from the dρ(T )/dT shown
in the insets where there is only a very small shift of TN

to lower temperature with field. This is further corroborated
by χ (T ) and C(T ) measured under applied magnetic fields
up to 9 T, shown in Fig. 7, which show that TN is almost
field independent. The rate at which χ (T ) increases below TN

varies in different applied fields as shown by the derivative
dχ/dT [see the inset of Fig. 7(a)]. Such behavior in χ (T )
suggests that although TN is robust to magnetic fields, the un-
derlying magnetic structure and/or excitations gradually vary
with fields, possibly due to canting of the spins. Furthermore,

FIG. 6. ρ(T ) of YbPdAs under magnetic fields up to 9 T in two
different field-current configurations: (a) H ‖ I and (b) H ⊥ I . The
insets show the corresponding temperature derivatives.

C(T )/T in zero field exhibits a T 3 behavior just below TN but
gradually deviates from this behavior with increasing field,
as shown in the inset of Fig. 7(b). The peak height in C(T )
at TN is slightly suppressed at high field, whereas the −ln T
behavior above TN remains.

The magnetoresistance MR{= [ρ(H ) − ρ(0)]/ρ(0)×
100%} and Hall resistivity ρxy at different temperatures are
shown in Fig. 8. There is a clear difference in the field-
dependent behavior for temperatures above and below Tcoh ≈
12 K. For T � Tcoh, the MR is negative, and ρxy displays a
linear field dependence; whereas for T � Tcoh, the MR starts
to become positive [inset of Fig. 8(a)], and ρxy gradually
becomes nonlinear. Considering that Kondo coherence devel-
ops below Tcoh, the different MR behaviors could be due to
different quasiparticle scattering mechanisms. For T � Tcoh,
incoherent scattering arising from single-ion Kondo processes
may be suppressed by magnetic fields, leading to a neg-
ative MR, similar to many other Yb-based heavy-fermion
compounds [21,23]. However, below Tcoh, Kondo coherence
greatly suppresses the scattering and, therefore, applied mag-
netic fields destroying the coherence will lead to an increased
resistivity [41,42]. As shown in the inset of Fig. 8(a), the MR
at temperatures near Tcoh increases first and then decreases,
implying competition between the two mechanisms. Note that

075132-5



W. XIE et al. PHYSICAL REVIEW B 106, 075132 (2022)

FIG. 7. (a) Temperature dependence of the magnetic susceptibil-
ity χ (T), and (b) specific-heat C(T )/T measured in different applied
magnetic fields. The inset of (a) shows the temperature dependence
of dχ/dT , the inset of (b) shows the T 3 dependence of C(T )/T .

the weak negative MR at low fields at 1.9 K likely arises from
the suppression of the AFM ordering of the Yb2O3 impurity.

The field dependence of ρxy shows linear behavior at
T � Tcoh with a negative slope, indicating the dominance
of electron-type charge carriers. Meanwhile, the increasingly
nonlinear ρxy(H ) upon cooling below Tcoh is due to the pres-
ence of an anomalous Hall effect (AHE) arising from the
enhancement of Kondo coupling strength [43]. For a Kondo
lattice compound, the dominant AHE mechanism is skew
scattering where the conduction electrons are asymmetrically
scattered by the magnetic impurity potentials, leading to a
contribution that varies linearly with the electrical resistivity
[44–47]. The temperature dependence of the Hall resistivity
−ρxy(T ) is shown in the inset of Fig. 8(c). It can be seen that
−ρxy(T ) shows similar behavior to the resistivity ρ(T ) with a
broad hump centered at Tcoh.

The carrier density n at different temperatures can be esti-
mated using a single-band model, i.e., RH = ρxy/B = 1/(ne).
This yields a considerable decrease in n from about 6.2 ×
1021 cm−3 at 200 K to 5.24 × 1019 cm−3 at 12 K. However,
although linear ρxy(H ) behavior is observed for T � 12 K,
the Hall resistivity and MR data cannot be accounted for
by a semiclassical two-band model [48], which especially
cannot account for the negative MR. In YbPdAs, two-band
effects, magnetic scattering, and Kondo hybridization may
all contribute to the transport behavior, which makes the

FIG. 8. (a) Field-dependent magnetoresistance (MR) at different
temperatures from 200 to 1.9 K. The inset shows the enlarged data
near Tcoh = 12 K; (b) field-dependent Hall resistivity ρxy(H) at differ-
ent temperatures from 300 to 1.9 K. The inset shows the fit of ρxy(H)
at 2 and 20 K (see the text); (c) field-dependent magnetization M(H)
at different temperatures. The inset in (c) shows the temperature
dependence of −ρxy(H) at H = 9 T.

different contributions difficult to disentangle. Note that the
DFT calculations (see below) suggest that YbPdAs is a two-
band system with the presence of both electron and hole
carriers.

The field-dependent magnetization M(H ) are shown in
Fig. 8(c), which increase smoothly at all temperatures without
saturation up to 9 T. The absence of spontaneous magnetiza-
tion at 2 K corroborates the AFM nature of the magnetically
ordered state, and the absence of a metamagnetic transition
at 2 K is consistent with the robustness of TN observed in
χ (T ) and C(T )/T . To quantitatively characterize the Hall
resistivity, we have analyzed ρxy(H ) with [39],

ρxy = RHH + Rsμ0M(H ), (1)
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FIG. 9. (a) Band structure (with SOC), and (b) Fermi pockets
(without SOC) of YbPdAs obtained from DFT calculations, assum-
ing well-localized 4 f electrons on the Yb3+ ions. The Brillouin zone
with labeled high-symmetry points is also shown in (b). The insets
of (a) highlight the two features near the Fermi level where the bands
nearly cross.

where RH is the normal Hall coefficient (assuming single-band
behavior), and the second term characterizes the AHE con-
tribution with M(H ) being the experimental data displayed
in Fig. 8(c). As shown in the inset of Fig. 8(b), ρxy(H )
at 2 and 20 K are reasonably fitted by Eq. (1) with RH =
−46.1 μ� cm/T, Rsμ0 = 350 μ� cm/μBf.u.−1) for 2 K, and
−10.1 μ� cm/T, 4 μ� cm/(μB/f.u.), respectively, for 20 K.
This corresponds to electron-type carriers with n = 1.35
×1019 cm−3 at 2 K (6.25 ×1019 cm−3 at 20 K), which are
compatible with the above estimate of n at 12 K.

C. Band structure

To obtain further information about the electronic struc-
ture, we have performed DFT calculations for YbPdAs, where
the 4 f electrons are assumed to be well localized (core elec-
trons). The calculated band structure is shown in Fig. 9(a)
where SOC is taken into account. It can be seen that there
are two doubly degenerate bands crossing the Fermi level,
which are split into four by the SOC. At first glance, without
SOC these two bands go through each other forming two band
crossings at around 22 meV (navy) and 100 meV (magenta)
below EF, respectively, which further split to form eight band
crossings under SOC. However, careful examination shows
that all of them are actually separated even without SOC with
small separations. With the inclusion of SOC, the separations
are enhanced to 10.0 meV (navy) and 5.0 meV (magenta) as
shown in the inset of Fig. 9(a).

The Fermi pockets in the absence of SOC are shown in
Fig. 9(b) with two oblate hole pockets (magenta) and one
circular electron pocket (olive). Each of them is further split
by the SOC, but their shape is maintained. Note that the hole
pockets are not visible in the band structure shown above,
which only contains information along the high-symmetry
path. The volume of the Fermi pockets is relatively small,
which is consistent with the low carrier concentration, ac-
cording to Luttinger’s theorem [49]. The carrier densities
for electrons and holes are calculated to be 7.39 ×1020 and
7.82 ×1020 cm−3, respectively, which are moderately small,
comparable to those of semimetallic YbAs [27]. However, a
small carrier density is not likely the origin of the increase
of resistivity upon cooling at intermediate temperatures since
purely metallic behavior is found in LuPdAs, which has sim-
ilarly small Fermi surfaces. This points to the importance of
f -electron effects, in particular, Kondo scattering. The density
of Yb3+ ions in YbPdAs is approximately 1.81 ×1022 cm−3,
which is about two orders of magnitude larger than the carrier
densities obtained from calculations.

IV. SUMMARY

We have synthesized polycrystalline sample of YbPdAs
and characterized the physical properties. This compound
crystallizes in the hexagonal ZrNiAl-type structure (space-
group P6̄2m) in which the in-plane Yb atoms form a distorted
kagome lattice with relatively large nearest-neighbor Yb-Yb
distances out of the hexagonal plane.

Temperature-dependent measurements of the specific heat,
magnetic susceptibility, and resistivity show evidence for a
second-order AFM transition at TN = 6.6 K, which is only
slightly suppressed by applied magnetic fields up to 9 T. The
Kondo effect is evidenced by a − ln T dependence of the
resistivity at intermediate temperatures and reduced magnetic
entropy at TN. Magnetic fluctuations above TN = 6.6 K are
indicated by a logarithmic increase in Cel/T upon cooling
below 15 K. Furthermore, the carrier concentration is rela-
tively small as revealed by transport measurements and DFT
calculations. These results suggest that YbPdAs is a good
candidate for examining the interplay of magnetic frustration
and the Kondo effect in semimetallic systems. Measurements
of the anisotropic properties on single crystals are highly de-
sirable as well as microscopic probes of the magnetic ground
state and excitations using neutron scattering and muon-spin
relaxation.
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