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High quality single crystals of some representatives of half-Heusler family were grown from Bi-flux. For single
crystals characterization, X-ray diffraction and scanning electron microscopy techniques were used. The low-
temperature physical properties of the synthesized crystals were determined by means of magnetization, magnetic
susceptibility, electrical resistivity and heat capacity measurements. For each compound but LuPtBi, the electrical
resistivity varies in a semimetallic manner at high temperatures, and exhibits a metallic character at low temper-
atures. LuPtBi is metallic in the whole temperature range studied. The bismuthides HoPdBi, LuPdBi, LuPtBi
and YPtBi were found superconducting below the critical temperature Tc = 0.7, 1.8, 0.9, and 0.96 K, respectively.
For the compounds GdPdBi, DyPdBi and HoPdBi, an antiferromagnetic ordering was found to set in below TN =
12.8, 3.7, and 1.9 K, respectively. HoPdBi is thus an intriguing material in which both cooperative phenomena
coexist.
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1. Introduction

Half-Heusler phases form a large family of materials,
which crystallize with the noncentrosymmetric MgAgAs-
type structure and exhibit a variety of physical prop-
erties. Thermoelectrics, superconductors, shape mem-
ory alloys, spintronic materials, topological insulators are
just few examples of the observed characteristics, some
of them useful for practical applications [1].

Rare-earth (R) containing bismuthides RMBi with M
being palladium or platinum form a very exciting group
of half-Heusler phases, as a few of them have been pre-
dicted theoretically to be topological insulators [2, 3].
Besides non-trivial topology, these compounds attract at-
tention due to interesting combination of their physical
behaviors. For example, coexistence of superconductiv-
ity and non-trivial topology could be a turning point in
quantum computing [4, 5]. Remarkably, the supercon-
ductivity in these materials possibly has an unconven-
tional character with mixed spin-singlet/spin-triplet pair-
ing symmetry [6]. Most recently, a novel concept of anti-
ferromagnetic topological insulator (AFTI) has been in-
troduced for the RMBi phases, that combines non-trivial
topology with long-range magnetic ordering [7].

In this article, we briefly review our experimental re-
sults obtained to date in the course of our comprehensive
investigations of the RMBi compounds.

2. Experimental details

High-quality single crystals of the RMBi ternaries were
grown in Bi flux. Purity of the elemental constituents
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was R: 99.9 wt%, Pd: 99.99 wt%, Pt: 99.9 wt%, Bi:
99.999 wt%. Excess of flux was removed by centrifuga-
tion and then etching with nitric acid. X-ray diffraction
performed on an Oxford Diffraction Xcalibur four-circle
diffractometer confirmed the cubic MgAgAs-type crystal
structure. The refined lattice parameter was a = 6.613,
6.634, 6.666, 6.565, 6.630, and 6.570 Å for HoPdBi,
DyPdBi, GdPdBi, LuPdBi, YPtBi, and LuPtBi, respec-
tively, in good agreement with literature data [8].

Chemical composition of the obtained single crystals
was examined on a FEI scanning electron microscope
(SEM) equipped with an EDAX Genesis XM4 spectro-
meter. The crystals were found homogeneous and free of
foreign phases, with the stoichiometry very close to the
equiatomic one.

Electrical transport and heat capacity measurements
were performed in the temperature range from 0.4 K to
300 K and in magnetic fields up to 9 T using a Quantum
Design PPMS platform. DC and AC magnetic suscepti-
bility measurements were carried out in the temperature
interval 0.5–20 K employing a Quantum Design MPMS-
XL SQUID magnetometer equipped with an iHelium3
refrigerator.

3. Results and discussion

For all the single crystals studied but that of LuPtBi,
the temperature dependences of the electrical resistivity
ρ(T ) (see Fig. 1a) indicate a semiconducting-like behav-
ior at high temperatures. However, when temperature
drops below a certain value T ∗, different for distinct ma-
terials, a metallic behavior is observed (dρ/dT > 0).
Only LuPtBi shows a metallic-like conductivity in the
whole temperature range inspected. The overall behav-
iors of ρ(T ) are similar to those reported for poly- [9] and
single-crystalline [6, 10–13] samples.
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Fig. 1. (a) Temperature dependences of the electrical
resistivity of single-crystalline RPdBi (R = Ho, Dy, Gd,
Lu) and RPtBi (R = Y, Lu) measured above 2 K. (b)
Normalized electrical resistivity data (ρT > Tc is the
lowest resistivity observed in the normal state) versus
temperature measured for superconducting half-Heusler
phases down to 0.4 K.

As displayed in Fig. 1b, YPtBi, LuPtBi, HoPdBi, and
LuPdBi exhibit superconductivity below 0.96, 0.9, 0.7,
and 1.8 K, respectively (see also our papers [14–16]).
These values of the critical temperature agree fairly well
with those reported before [6, 11–13]. The superconduct-
ing transitions have been confirmed for each compound
by means of AC magnetic susceptibility measurements.
As an example, Fig. 2 presents the temperature varia-
tions of the real, χ′AC, and imaginary, χ′′AC, components
of the AC susceptibility of single-crystalline HoPdBi.
The onset of superconductivity at Tc = 0.9 K can be
easily identified on χ′AC(T ) and χ

′′
AC(T ), and the behav-

ior of both components above Tc is fully in line with the
antiferromagnetic ordering at TN = 1.9 K [15] (see also
Fig. 3a).

The inset to Fig. 2 shows the AC driving field depen-
dencies of χ′AC and χ′′AC of HoPdBi taken at T = 0.49 K.
Both curves have shapes typical for type-II superconduc-
tors. The lower critical field, Bc1, derived from these data
is as small as about 10 µT. Similar magnitude of Bc1 was
reported for other half-Heusler superconductors [14, 17].

The DC magnetic susceptibility measurements car-
ried out on single crystals of DyPdBi and GdPdBi re-
vealed their antiferromagnetic ordering below TN =
3.7 and 12.8 K, respectively (see Fig. 3). These Néel

Fig. 2. Temperature dependences of the AC magnetic
susceptibility of HoPdBi single crystals, measured in a
field 15 µT alternating with a frequency 107 Hz. The
arrow indicates the critical temperature. Inset: real and
imaginary components of the AC magnetic susceptibil-
ity versus driving field measured at 0.49 K. The arrow
marks the lower critical field.

Fig. 3. (a) Low-temperature dependences of the DC
magnetic susceptibility of single-crystalline DyPdBi and
HoPdBi measured in an applied magnetic field of 0.02 T.
(b) Field variation of the magnetization of DyPdBi and
HoPdBi single crystals taken at 1.8 K. (c) DC magnetic
susceptibility of single-crystalline GdPdBi versus tem-
perature measured in a magnetic field of 0.05 T.

temperatures are close to those reported in the litera-
ture [9, 10, 13]. An antiferromagnetic ground state was
found also for ErPdBi below 1.2 K [18] (TN = 1.06 K
was reported in Ref. [19]).

At T = 1.8 K, i.e. below TN , the magnetization of
single-crystalline HoPdBi and DyPdBi varies nearly lin-
early with increase of the magnetic field up to B = 2 T
and 3 T, respectively. In stronger fields, distinct bending
in the σ(B) curves is observed (see Fig. 3b), which can
be attributed to a kind of metamagnetism. No hysteresis
effects nor remanence were found in the σ(B) data in the
entire magnetic field range investigated.

The antiferromagnetic phase transitions in GdPdBi
and DyPdBi manifest themselves as sharp λ-shaped
anomalies in the temperature dependences of the spe-
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Fig. 4. Low-temperature variations of the specific heat
of single-crystalline GdPdBi (a) and DyPdBi (b).

cific heat (see Fig. 4). Applied magnetic field has very
weak impact on C(T ) of GdPdBi; a tiny shift of TN by
only 0.3 K was found in a field of 9 T. As regards the su-
perconducting half-Heusler phases, no anomaly in C(T )
has been found near Tc for any of the investigated mate-
rials [14–16].

Fig. 5. (a) Transverse magnetoresistance versus mag-
netic field measured for single-crystalline LuPdBi at sev-
eral temperatures between 2.5 and 300 K. (b) Low-field
dependences of the conductivity isotherms of LuPdBi.
The solid lines emphasize a weak antilocalization behav-
ior. Figure adapted from Ref. [15].

The key objective in our on-going detailed studies
on half-Heusler bismuthides is experimental verification
of the hypothesis on their non-trivial topological na-
ture. In line with the behavior expected for topologi-
cal insulators, the electrical conduction in a few RMBi
compounds was found governed by two parallel chan-
nels: semiconducting- and metallic-like, with the former
one being negligible at low temperatures (for details see
Refs. [14–16]). In weak magnetic fields, the transverse
magnetoresistance (MR) of LuPdBi (Fig. 5), HoPdBi and

YPtBi [14–16] exhibits a sharp increase, identified as a
weak antilocalization (WAL) effect, which is a charac-
teristic feature of the Dirac materials [20]. In stronger
magnetic fields, positive MR of LuPdBi and YPtBi is
linear in a wide range of temperature from 2 to 300 K
(see Fig. 5a). For the compounds containing magnetic
rare-earth, MR is also non-saturating, yet negative at low
temperatures, and positive at high temperatures [15].

Most remarkably, in strong magnetic fields, the
low-temperature resistivity of single-crystalline LuPdBi,
YPtBi and HoPdBi was found to exhibit periodic
Shubnikov–de Haas (SdH) oscillations [14–16]. Numer-
ical analyses of the SdH effect yielded several important
characteristics of the Fermi surfaces and charge carriers
in these materials. Key parameters are listed in Table I
and compared to that of Refs. [6, 13]. For all the com-
pounds investigated, the effective masses are very small,
and the Berry phases are finite. Moreover, the derived
values of the Berry phase are very close to those theoret-
ically predicted for the Dirac fermions.

TABLE I

Parameters obtained from the SdH data of RMBi.

Material Frequency [T]
Berry Effective

Ref.
phase mass, me

YPtBi
24.7 0.7π 0.15 [16]
46 – 0.15 [6]
78.5 1.3π 0.44 [15]

HoPdBi 143.9 0.76π 0.28 [15]
75 – < 0.5 [13]

LuPdBi 11.9 0.72π 0.06 [14]

4. Conclusions
At low temperatures, single-crystalline YPtBi, LuPtBi

and LuPdBi exhibit superconductivity, while DyPdBi,
GdPdBi and HoPdBi order antiferromagnetically. Most
interestingly, the latter phase shows a coexistence of the
two cooperative phenomena. All the compounds studied
except LuPtBi are semimetals with two parallel conduc-
tion channels of semiconducting and metallic character.
LuPtBi behaves like a poor metal in the whole range of
temperatures covered.

For HoPdBi, LuPdBi and YPtBi, strong clues at their
non-trivial topology were obtained from the electronic
transport data. These include weak antilocalization ef-
fect, non-saturating magnetoresistance, as well as very
small effective masses of charge carriers and non-zero
Berry phases determined from the SdH oscillations.

References

[1] T. Graf, C. Felser, S.S. Parkin, Prog. Solid State
Chem. 39, 1 (2011).

[2] H. Lin, L.A. Wray, Yuqi Xia, Suyang Xu, Shuang
Jia, R.J. Cava, Arun Bansil, M. Zahid Hasan, Nat.
Mater. 9, 546 (2010).

[3] S. Chadov, X. Qi, J. Kübler, G.H. Fecher, C. Felser,
S.C. Zhang, Nat. Mater. 9, 541 (2010).

http://dx.doi.org/10.1016/j.progsolidstchem.2011.02.001
http://dx.doi.org/10.1016/j.progsolidstchem.2011.02.001
http://dx.doi.org/10.1038/nmat2771
http://dx.doi.org/10.1038/nmat2771
http://dx.doi.org/10.1038/nmat2770


576 O. Pavlosiuk, D. Kaczorowski, P. Wiśniewski

[4] L. Fu, C.L. Kane, Phys. Rev. Lett. 100, 096407
(2008).

[5] A.R. Akhmerov, J. Nilsson, C.W.J. Beenakker, Phys.
Rev. Lett. 102, 216404 (2009).

[6] N.P. Butch, P. Syers, K. Kirshenbaum, A.P. Hope,
J. Paglione, Phys. Rev. B 84, 220504(R) (2011).

[7] R.S.K. Mong, A.M. Essin, J.E. Moore, Phys. Rev. B
81, 245209 (2010).

[8] M.G. Haase, T. Schmidt, C.G. Richter, H. Block,
W. Jeitschko, J. Solid State Chem. 168, 18 (2002).

[9] K. Gofryk, D. Kaczorowski, T. Plackowski, A. Leithe-
Jasper, Yu. Grin, Phys. Rev. B 72, 094409 (2005).

[10] Y. Nakajima, Rongwei Hu, K. Kirshenbaum,
A. Hughes, P. Syers, Xiangfeng Wang, Kefeng Wang,
Renxiong Wang, S.R. Saha, D. Pratt, J.W. Lynn,
J.P. Paglione, Sci. Adv. 1, e1500242 (2015).

[11] F.F. Tafti, T. Fujii, A. Juneau-Fecteau, S.R. de Co-
tret, N. Doiron-Leyraud, A. Asamitsu, L. Taillefer,
Phys. Rev. B 87, 184504 (2013).

[12] Guizhou Xu, Wenhong Wang, Xiaoming Zhang, Yin
Du, Enke Liu, Shouguo Wang, Guangheng Wu,
Zhongyuan Liu, Xi Xiang Zhang, Sci. Rep. 4, 5709
(2014).

[13] A.M. Nikitin, Y. Pan, X. Mao, R. Jehee, G.K. Araizi,
Y.K. Huang, C. Paulsen, S.C. Wu, B.H. Yan,
A. de Visser, J. Phys. Condens. Matter 27, 275701
(2015).

[14] O. Pavlosiuk, D. Kaczorowski, P. Wiśniewski, Sci.
Rep. 5, 9158 (2015).

[15] O. Pavlosiuk, D. Kaczorowski, P. Wiśniewski, Sci.
Rep. 6, 18797 (2016).

[16] O. Pavlosiuk, D. Kaczorowski, P. Wiśniewski, Phys.
Rev. B 94, 035130 (2016).

[17] T.V. Bay, M. Jackson, C. Paulsen, C. Baines, A. Am-
ato, T. Orvis, M.C. Aronson, Y.K. Huang, A. de
Visser, Solid State Commun. 183, 13 (2014).

[18] O. Pavlosiuk, K. Filar, P. Wiśniewski, D. Kac-
zorowski, Acta Phys. Pol. A 127, 656 (2015).

[19] Y. Pan, A.M. Nikitin, T.V. Bay, Y.K. Huang,
C. Paulsen, B.H. Yan, A. de Visser, Europhys. Lett.
104, 27001 (2013).

[20] Y. Ando, J. Phys. Soc. Jpn. 82, 102001 (2013).

http://dx.doi.org/10.1103/PhysRevLett.100.096407
http://dx.doi.org/10.1103/PhysRevLett.100.096407
http://dx.doi.org/10.1103/PhysRevLett.102.216404
http://dx.doi.org/10.1103/PhysRevLett.102.216404
http://dx.doi.org/10.1103/PhysRevB.84.220504
http://dx.doi.org/10.1103/PhysRevB.81.245209
http://dx.doi.org/10.1103/PhysRevB.81.245209
http://dx.doi.org/10.1006/jssc.2002.9670
http://dx.doi.org/10.1103/PhysRevB.72.094409
http://dx.doi.org/10.1126/sciadv.1500242
http://dx.doi.org/10.1103/PhysRevB.87.184504
http://dx.doi.org/10.1038/srep05709
http://dx.doi.org/10.1038/srep05709
http://dx.doi.org/10.1088/0953-8984/27/27/275701
http://dx.doi.org/10.1088/0953-8984/27/27/275701
http://dx.doi.org/10.1038/srep09158
http://dx.doi.org/10.1038/srep09158
http://dx.doi.org/10.1038/srep18797
http://dx.doi.org/10.1038/srep18797
http://dx.doi.org/10.1103/PhysRevB.94.035130
http://dx.doi.org/10.1103/PhysRevB.94.035130
http://dx.doi.org/10.1016/j.ssc.2013.12.010
http://dx.doi.org/10.12693/APhysPolA.127.656
http://dx.doi.org/10.1209/0295-5075/104/27001
http://dx.doi.org/10.1209/0295-5075/104/27001
http://dx.doi.org/10.7566/JPSJ.82.102001

