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We report the electrical resistivity, magnetic susceptibility, and heat capacity studies on a new intermetallic
compound YbPtAs, which crystallizes in a modified AlBs type structure. The Yb ions in YbPtAs are in a trivalent
state and order antiferromagnetically around Néel temperatures Tn1 = 6.5 K and Tna = 2.2 K, respectively,

deduced both from the magnetic susceptibility x(T') and heat capacity C(T) measurements.

The magnetic

contribution in resistivity, pm(T), exhibits a broad maximum at around 100K and a logarithmic temperature
dependence in the high-temperature region, indicative of the presence of the Kondo effect in YbPtAs.

PACS: 75.30.Mb, 71.27.+a, 75.30.Cr, 75.20.Hr

Transition metal pnictides have attracted con-
siderable attention owing to their peculiar elec-
tronic and magnetic properties.l' ? The discovery of
high-temperature superconductivity in iron pnictides
raised the hopes of setting a new 7. record!' ~* and
the possibility of an unconventional superconducting
mechanism.['"~ "% Very recently, SrPtAs, crystalliz-
ing in a hexagonal AlBs-type structure, was reported
to be a new novel superconductor with some uncon-
ventional superconducting states, which is strongly
related to the local lack of inversion symmetry of
the two distinct conducting layers in the unit cell of
SrPtAs.[* 19151 MgB, is another well-known high-T.,
superconductor with the same AlBa-type structure.!'?!
In the ternary system AMX (A: alkaline-earth; M:
transition metal; X: pnicogen) with the AlBg struc-
ture such as SrPtAs, alkaline-earth cations occupy the
Al sites, while transition metal and pnicogen take the
position of the boron atoms forming hexagon layers.

On the other hand, upon the substitution of
alkaline-earth with rare-earth metals, the ternary
AMX monopnictides also show a rich variety of un-
conventional phenomena: such as the Kondo insu-
lating state in CeRhAs,>'7~ 19 the topological su-
perconductivity in YPtBil*?) and LuPtBi,l"*! and
the Weyl fermions in GdPtBi.l") However, these com-
pounds crystallize with different structure types. For
the diverse physical properties shown in ternary rare
Earth pnictides, these materials are appropriate can-
didates to study these novel quantum phenomena.
Strangely, a few decades ago, YbPtAsl*>? was re-
ported to crystallize in an AlBy derived hexagonal
structure, the same as SrPtAs, but there has been lit-
tle study on the physical properties. In this case, the
substitution of Sr with Yb would introduce a localized
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moment from 4f electrons, and the hybridization be-
tween the localized 4 f-electrons and conduction elec-
trons can produce exotic properties, like the heavy
fermion superconductivity.

In this Letter, we report a systematic experimental
study on polycrystalline samples of YbPtAs. Powder
x-ray diffraction (XRD) is used to verify the structure.
The magnetic susceptibility, electrical resistivity, and
heat capacity of YbPtAs are measured at tempera-
tures down to 1.8 K under different fields. To study
the contribution of 4f electrons, LuPtAs is investi-
gated as a reference material. Two antiferromagnetic
(AFM) transitions related to Yb®* ions are confirmed
in magnetic and heat capacity measurements. The
hump in electrical resistivity strongly implies the pres-
ence of the Kondo coherence.

In the experiment, the polycrystalline sample of
YbPtAs was prepared using a solid state reaction
method. The starting materials Yb, Pt, and As were
mixed together at a molar ratio of 1:1:1 under a high
purity argon atmosphere in a glove box. The mix-
ture was pressed into pellets and sealed into an evacu-
ated quartz tube, which was heated at 1000°C for 50 h,
followed by a natural cooling down. To characterize
the structure, XRD with Cu K, radiation was carried
out at ambient temperature. Magnetic measurements
were performed on a quantum design magnetic prop-
erty measurement system (MPMS). Resistivity and
specific heat were measured in a quantum design phys-
ical property measurement system (PPMS).

The powder XRD pattern of the as-prepared YbP-
tAs is shown in Fig. 1. To obtain the crystal structure
and lattice constant, Rietveld refinement has been per-
formed using the GSAS program. The black solid line
shows the calculated pattern and the red dots show
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the observed data. The main peaks are indexed well
to a hexagonal AlBs-type structure with space group
P63/mme (No. 194). The lattice parameters derived
from the Rietveld analysis are a = b = 4.234(2) A and
¢ = 14.84(1) A, which are coincident with those re-
ported in the literature.”*** The insets indicate the
hexagonal structure of YbPtAs and the alternating
layers of Yb and PtAs hexagon could be seen clearly
along the c-axis in the right inset.
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Fig. 1. Typical results of Rietvled refinement with GSAS
for the YbPtAs XRD pattern. The insets are the crystal
structures of YbPtAs viewed along different directions.
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Fig.2. Magnetic susceptibility versus temperature of

YbPtAs at magnetic field uoH = 0.5T and 7T, respec-
tively. The blue line presents the inverse magnetic sus-
ceptibility 1/x and the good fitting with the Curie-Weiss
law for ' > 100K. The upper left inset shows the en-
larged plot and the corresponding differential curve for
poH = 0.5T. The lower right inset is the enlarged plot of
Xx(T) at poH =7T and T < 10K.

In Fig.2, the lines in black and red are the sus-
ceptibility x as a function of temperature 7" measured
under the magnetic field ygH = 0.5T and 7T, re-
spectively. The upper left inset shows the enlarged
plot of x—T (red) and the corresponding differential
curve (blue) measured at poH = 0.5T below 10K.
Two anomalies at 2.2 K and 6.5 K are observed, indi-
cating AFM ordering and the two Néel temperatures
are Tn1 = 6.5K and Tne = 2.2K. The lower right
inset is the enlarged view of x—T for ugH = 7T. As
the increase of magnetic field, the first AFM transition
is suppressed to 6 K and the second AFM transition
could not be observed down to 1.8 K. The blue line is

the inverse magnetic susceptibility versus temperature
for poH = 0.5T. The x(T') data above T'= 100K ex-
hibits good Curie-Weiss behavior, and can be well fit-
ted to x = xo+C/(T —0,), the value of paramagnetic
Curie temperature 6, is —65 K indicating AFM cor-
relations. The Curie constant C' = 2.58 emu-K-mol !
corresponds to the effective magnetic moment peg =
4.51up, which is very close to the value expected for
the free Yb3* ion, 4.54p, indicating that the Yb ion
is primarily in a 4f'3 configuration in this compound.
Below 100K, 1/x(T") shows a slight curvature, which
is very likely due to crystal-electric-field (CEF) effects.
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Fig.3. Isothermal magnetization as a function of ap-

plied magnetic field at 1.8 K, 5K, and 8 K. The inset is
the derivative of magnetization for poH > 0T.

Figure 3 shows the isothermal M (H) of YbPtAs
for |uoH| < 7T at the selected temperatures of 1.8K,
5K, and 8 K. The isothermal M(H) at 8K is almost
linear while below Tn1, at 1.8 K and 5K, isothermal
M (H) shows nonlinear behavior. The inset shows the
behavior of dM/dH versus poH for T = 1.8 K. The
slope decreases gradually with increasing the field as
shown in the dM/dH curve and the noteworthy fea-
ture in the M (H) curve shows a tendency towards sat-
uration. This feature appears to be a metamagnetic
transition induced by the magnetic field.[**2%]
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Fig. 4. Temperature dependence of electrical resistance of
YbPtAs. Here ppy, is the contribution of 4f electrons ob-
tained by subtracting the resistivity of LuPtAs from that
of YbPtAs. The red and blue lines in the inset are the
resistivities of YbPtAs and LuPtAs, respectively.

The transport properties of YbPtAs and LuPtAs
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are depicted in Fig.4. The inset presents the temper-
ature dependence of resistivity of YbPtAs and LuP-
tAs, respectively. The 4 f-orbitals in LuPtAs are com-
pletely filled, and the hybridization of 4 f-electrons
with conduction electrons is expected to be too small
to affect the electronic properties in LuPtAs. Here we
use LuPtAs as a reference material to extract mag-
netic and electronic properties of YbPtAs caused by
4 f-electrons. At high temperature, the resistivity of
YbPtAs decreases linearly as a conventional metal.
In contrast to LuPtAs, a prominent decrease from the
linear behavior was observed in the p—T curve at about
100 K. This is a distinct feature of the Kondo lattice
system and could be interpreted as the onset of the co-
herent Kondo scattering on account of the hybridiza-
tion between the localized 4 f and the conduction elec-
trons. If one subtracts the resistivity of non-magnetic
LuPtAs to get rid of the phonon contribution, i.e.,
Pm = PYbPtAs — PLuPtAs, & broad peak around 100K,
and a logarithmic temperature dependence in the high
temperature regions are clearly observed in pp, (T, re-
sembling the temperature dependence of p(T) of the
heavy-fermion compounds.!?®~']
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Fig. 5. Temperature dependences of specific heat are plot-
ted for YbPtAs (red) and LuPtAs (blue), respectively.
The obvious anomaly is observed at 6.6 K in YbPtAs data.
The inset shows an enlarge view of the YbPtAs curve and
~ derived from extrapolating the C—T" plot.

Figure 5 presents the heat capacity C' as a func-
tion of temperature T'. The red curve is for YbPtAs
and the blue one is for LuPtAs. At high temperature,
the heat capacity in YbPtAs reduces with decreasing
temperature, which is the same as that of LuPtAs.
However, a distinct anomaly is observed at 6.6 K for
YbPtAs, which is consistent with the transition in sus-
ceptibility, indicating the second order transition aris-
ing from the occurrence of AFM. The inset shows the
enlarged plot of YbPtAs below 30 K. Another anomaly
is observed at 2.2K in accordance with the abnormal
of magnetic susceptibility, which is rather small com-
pared with the first transition of 6.6 K. To exclude
this anomaly arising from the impurity phase, we have
tried to prepare the single crystals, but the obtained
crystals are very small. The heat capacity obtained
by measuring about twenty single crystals simulta-
neously shows the same rise at 2.2 K, which demon-

strates clearly that the second anomaly is an intrinsic
characteristic of YbPtAs and excludes the contribu-
tion of impurity. The crystal structure of YbPtAs has
inequivalent Pt-As layers as shown in Fig. 1; this lo-
cal inversion symmetry breaking has an effect on the
Yb3t ions and may yield two AFM phases. In the nor-
mal state, the specific heat capacity C' can be written
as
C =~T + BT + 6T,

where vT" is the contribution of electronic heat capac-
ity C,, and BT+ 0T is the common low temperature
approximation for the lattice heat capacity C|. A fit of
the data to the formula yields the Sommerfield coeffi-
cient v = 3.4mJ-mol~*K~2 for LuPtAs (not shown).
As shown in the inset, the Sommerfield value of YbP-
tAs obtained from an extrapolation of the T2 depen-
dence gives v = 213mJ-mol"'K~2. The Sommerfield
coefficient for YbPtAs is nearly 70 times larger than
that of LuPtAs, indicating the correlated effect con-
tributed from 4 f electrons.
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Fig. 6. The magnetic specific heat Crn /T arising due to
4f electrons versus T. To the right, the magnetic entropy
gain calculated from magnetic specific heat data.

Since YbPtAs and LuPtAs have almost the same
phonon contribution, the 4f electron contribution to
the specific heat Cy,, was calculated by subtracting the
specific heat of LuPtAs from the specific heat of YbP-
tAs as shown in Fig. 6. Two obvious A type anomalies
in C}, at 6.6 K and 2.2 K can be clearly observed. The
magnetic entropy Sy, calculated by integrating Ci, /T
over temperature is present in Fig.6. The magnetic
entropy reaches 0.6R1In2 at about 15K, which is far
lower than the twofold degeneracy, a Kramers dou-
blet. Here S, is close to RIn2 at 90 K. The reduced
magnetic entropy may result from the Kondo inter-
actions that partially destroyed the degeneracy of the
doublet ground state and the short range order above
Ty 13132

In summary, we have prepared polycrystalline
YbPtAs samples and investigated the magnetization,
resistivity, and specific heat properties. YDbPtAs is
confirmed to be a new compound of the AFM Kondo
lattice. The Kondo coherent behavior appeared in
p(T) and two successive AFM transitions of Yb3T
ions have been observed at Tn1 = 6.5K and Tyno =
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2.2 K, respectively. The obtained effective moment
et = 4.51up and the Sommerfeld coefficient v =
213mJ-mol~'K~2 are due to the contribution from
4f electrons.
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