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Superconductivity and magnetism in noncentrosymmetric LaPtGe3 and CePtGe3
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LaPtGe3 and CePtGe3 crystallize with a noncentrosymmetric body-centered tetragonal (space group I4mm)
BaNiSn3-type of structure. LaPtGe3 is a weakly coupled BCS-like s-wave type-I superconductor with Tc =
0.55 K, Bc � 14 mT, and Ginzburg-Landau parameter κGL = 0.021 < 1/

√
2. CePtGe3 is a nonsuperconducting

(Tnsc = 0.35 K) metal with an effective magnetic moment μeff = 2.46μB. The Ce moments show two antiferro-
magnetic ordering transitions at TN1 ≈ 3.7 K and TN2 ≈ 2.7 K and a ground-state multiplet J = 5/2 splitting into
three doublets (energy splittings from the ground state �1 = 46 K and �2 = 137 K). The moderately enhanced
Sommerfeld coefficient γ0 and the observation of almost the full critical magnetic entropy at TN1 suggest that
magnetic Ruderman-Kittel-Kasuya-Yosida-type interactions are dominant in CePtGe3, leading to a magnetically
ordered ground state.
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I. INTRODUCTION

Superconductors (SCs) revealing unconventional mecha-
nisms which do not obey the BCS theory and its strong
electron-phonon coupling extensions attract special attention
in modern solid-state science. Very frequently such effects
can be observed in compounds crystallizing in crystal struc-
tures without a center of inversion. Noncentrosymmetric spa-
tial symmetry can give rise to a Rashba-type antisymmetric
spin-orbit coupling and thus the mixing of spin-singlet and
spin-triplet Cooper-pairing channels. This may result in a
multicomponent order parameter and enhanced upper critical
field Bc2, which is then much higher than the Pauli limit
[1]. The most prominent examples of noncentrosymmetric
SCs with unusual superconducting mechanisms are LaNiC2,
Mo3Al2C, and Li2Pt3B. As shown in [2,3] the time-reversal
symmetry-breaking triplet state in LaNiC2 can exist only
with weak antisymmetric spin-orbit coupling. The spin-triplet
Cooper pairing in Mo3Al2C is assumed in [4,5] to be mainly
due to the possibility of a nodal gap. However, later studies
[6,7] reported a fully opened gap with the previous evidence
for nodal SC being ascribed to an impurity phase. The su-
perconductivity in Li2Pt3B is based on a mixture of singlet
and triplet components, rather than a pure spin-triplet pairing
state [8,9].

The discovery of these compounds in the past decade gave
strong impetus to the investigation of ternary silicides and
germanides with 1:1:3 stoichiometry. Typical compounds
consist of alkaline-earth (A), rare-earth (R), and transition
(T ) d metals of IX–XI subgroups. Crystallizing with the
tetragonal body-centered noncentrosymmetric BaNiSn3-type
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of structure (space group I4mm) [10] {A,R}T {Si, Ge}3 (R =
nonmagnetic rare earth) seemed to fulfill the above-mentioned
conditions for unconventional SCs. However, further investi-
gations indicated a simple s-wave BCS-like superconductivity
with transition temperatures Tc < 4 K and rather low critical
magnetic fields Bc2 < 500 mT for SrNiSi3 [11], CaIrSi3 [12–
15], APdSi3 (A = Sr, Ba [11]), MPtSi3 (M = Ca [16,17],
Sr [11], Ba [18–20], La [21,22]), SrAuSi3 [23–25], SrPdGe3,
and SrPtGe3 [11,20]. Moreover, combined muon spin rotation
and transport property studies unexpectedly showed such
ternary complex compounds as LaRhSi3 (Tc = 2.16 K; Bc =
17.2 mT) [26], LaIrSi3 (Tc = 0.72 K; Bc = 6 mT) [27,28],
and LaPdSi3 (Tc = 2.65 K; Bc = 18.3 mT) [21] to be simple
type-I SCs. Interestingly, no superconductivity is observed for
the La{Rh, Ir, Pd}Ge3 germanides down to 0.35 K [29,30].

The combination of noncentrosymmetric crystal structure
with strong f -electron correlations, as in CePt3Si, leads to
such interesting phenomena as the coexistence of magnetic
ordering, the heavy-fermion effect, and superconductivity
[31,32]. Such cases are of special interest because the Cooper
pairs are then believed to consist of electrons with enhanced
masses. Analogous to CePt3Si, such a behavior is induced
by applying high pressure in CeT Si3 (T = Rh [33–35], Ir
[36–38]) and CeT Ge3 (T = Co [39,40], Rh [41], Ir [42]),
which crystallize with a BaNiSn3-type of structure. In R-
Pt-Ge systems only one isostructural, EuPtGe3, germanide is
reported to exist [43]. It is an antiferromagnet with TN = 11 K
and two antiferromagnetically coupled Eu2+ sublattices.

Investigating R-Pt-Ge systems, we succeeded in the prepa-
ration of R3Pt4Ge13 phases under high pressure (where R =
Y, Pr, Sm, Gd, Tb, Tm, Yb) [44–46] with crystal structures
derived from the primitive cubic Yb3Rh4Sn13 of the Remeika
type [47]. Therefore, the question of whether isostructural
compounds with light R atoms (La-Sm) could be obtained
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arose. However, applying high-pressure synthesis, we ob-
served the formation of germanides with the {La, Ce}PtGe3

composition crystallizing with a tetragonal noncentrosymmet-
ric BaNiSn3-type of structure instead of the 3:4:13 target
compounds. Further syntheses of the samples with 1:1:3
compositions revealed that LaPtGe3 can be synthesized by
the annealing of the arc-melted specimen, while CePtGe3 can
be obtained only by applying a high-pressure technique (i.e.,
8 GPa and 850 ◦C). The studies of magnetic and transport
properties revealed LaPtGe3 to be a type-I BCS-like super-
conductor with low Tc and CePtGe3 to be a Ce3+ stable-valent
antiferromagnet with a complex magnetic structure displaying
no SC down to Tnsc = 0.35 K.

II. EXPERIMENT

LaPtGe3 and CePtGe3 samples were synthesized from
lanthanum and cerium ingots (Ames, 99.9 wt %), platinum
foil (Chempur, 99.95 wt %), and crystalline germanium
(Chempur, 99.9999 wt %). The starting materials were arc
melted (mass loss of <0.5%), sealed in tantalum tubes en-
closed in evacuated silica ampoules, heat treated at 700 ◦C or
850 ◦C for 240 h, and quenched in water. The samples were
handled in argon-filled glove boxes [p(O2/H2O) < 1 ppm].
After such synthesis the LaPtGe3 sample was found to be
single phase (see text below). Since the CePtGe3 sample
was multiphasic after the treatments described above, it was
used as a precursor for high-pressure synthesis, which was
performed in a multianvil press at 8 GPa and 850◦C. The
force redistribution in the press was realized by a Walker
module and MgO octahedra with edge lengths of 18 mm
[48]. Boron nitride crucibles were used as a sample container.
The typical annealing time was 2 h, followed by quenching
to room temperature by switching off the heating before
decompression. The ingot could be easily recovered from the
crucible and proved to be stable in air.

All samples were characterized by powder x-ray diffraction
(XRD) on a Guinier camera G670, with Cu Kα1 radiation.
High-resolution (HR) powder XRD data for structure refine-
ment were collected at room temperature at the BM20 beam-
line of the European Synchrotron Radiation Facility (ESRF,
Grenoble; λ = 0.45923 Å, 2θmax = 45◦) on powder enclosed
in a quartz capillary with an outer diameter of 0.3 mm. The
images acquired on a Pilatus3 X 2M detector [49] were inte-
grated with the BUBBLE software [50], which is based on the
PYFAI library [51]. The phase analysis was performed using
the WINXPOW program package [52]. The lattice parameters
and crystal structures were refined by least-squares fitting
(program package WINCSD [53]).

The magnetization was measured with a superconducting
quantum interference device magnetometer (MPMS XL-7,
Quantum Design). The electrical resistivity and the heat ca-
pacity were measured down to 0.35 K (PPMS9, Quantum De-
sign) using an ac resistivity bridge (LR-700, Linear Research)
and the heat capacity option of the PPMS9, respectively.
Electrical contacts were made with silver-filled epoxy.

The electronic structure of LaPtGe3 was calculated within
the local-density approximation of the density-functional the-
ory (DFT) using the full-potential FPLO code (version 9.01-35)
[54] with the basis set of local orbitals. In the scalar relativistic

TABLE I. Crystallographic data and interatomic distances d for
LaPtGe3 and CePtGe3 (structure type BaNiSn3, space group I4mm,
Z = 2).

Compound

LaPtGe3 CePtGe3

a (Å) 4.5064(2) 4.4922(4)
c (Å) 9.8239(4) 9.807(1)

V (Å
3
) 199.50(3) 197.90(5)

ρ (g cm−3) 9.19(1) 9.28(1)
Wavelength λ (Å) 0.45923 1.54056
RI/RP 0.027/0.073 0.045/0.104
R in 2a (0, 0, z), z 0.0001(1) 0.0001(1)

Biso 1.11(3) 1.3(1)
d (R-4Ge2) (Å) 3.262(2) 3.234(7)
d (R-4Ge1) (Å) 3.3261(8) 3.312(4)
d (R-4Ge2) (Å) 3.405(2) 3.418(7)
d (R-1Pt) (Å) 3.412(2) 3.406(6)
d (R-4Pt) (Å) 3.5217(7) 3.512(3)
d (R-1Ge1) (Å) 3.958(3) 3.97(1)

Pt in 2a (0, 0, z), z 0.3474(2) 0.3474(7)
Biso 1.08(2) 1.2(1)
d(Pt-1Ge1) (Å) 2.453(3) 2.43(1)
d(Pt-4Ge2) (Å) 2.487(1) 2.492(5)

Ge1 in 2a (0, 0, z), z 0.5971(3) 0.595(1)
Biso 1.08(4) 1.2(1)
d(Ge1-4Ge2) (Å) 2.656(2) 2.642(8)

Ge2 in 4b (0, 1/2, z), z 0.2401(3) 0.237(1)
Biso 1.18(4) 1.3(1)
d(Ge2-4Ge2) (Å) 3.1865(1) 3.1765(2)

calculation the exchange-correlation potential by Perdew and
Wang [55] was used. The k mesh included 27 000 points in
the full Brillouin zone.

III. RESULTS AND DISCUSSION

A. Crystal structures of {La, Ce}PtGe3

All 174 peaks in the HR synchrotron XRD pattern of
LaPtGe3 sample were indexed in a tetragonal lattice with
the unit cell parameters given in Table I. The analysis of
extinction conditions indicated eight possible body-centered
space groups (SGs) of the diffraction symbol I − − −. In the
beginning we performed the refinement of the crystal structure
assuming the SG I4/mmm (highest possible symmetry) and
thus the structural model of the ThCr2Si2 type [57]. However,
it resulted in the wrong LaPt2.4Ge1.6 composition and unac-
ceptably high reliability factors RI = 0.100 and RP = 0.201.
The ThCr2Si2 model fails completely to describe numerous
peaks in the HR XRD pattern of LaPtGe3 [Fig. 1(b)]. There-
fore, the structural model of the noncentrosymmetric (SG
I4mm) BaNiSn3 type [10] was used. The final parameters of
this refinement are collected in Table I, and the experimentally
measured, theoretically calculated, and differential profiles
are depicted in Fig. 1(a). The crystallographic parameters
together with the low values of R factors confirm the non-
centrosymmetric nature of the structure of LaPtGe3.

184516-2



SUPERCONDUCTIVITY AND MAGNETISM IN … PHYSICAL REVIEW B 98, 184516 (2018)

(a)

(c) (d)

(b)

FIG. 1. Experimental, calculated, and difference XRD patterns
together with the peak positions for (a) LaPtGe3 and (c) CePtGe3.
Background-to-intensity ratios are 11 and 22, respectively. (b) The
(0 2 4) and (0 0 6) reflections assuming centro- and noncentrosym-
metric structural models. (d) Dependence of unit cell volumes of
RPtGe3 (R = La, Ce, Eu [43]) versus ionic radii of Rn+ ions [56].

The phase analysis of the powder XRD pattern for a
CePtGe3 sample annealed at 700 ◦C for 6 days revealed it to
be inhomogeneous and to consist of five phases: elemental
germanium, CePtGe2 [59], Ce3Pt4Ge6 [60], CePt2Ge2 [61],
and CePt4Ge12 [62]. After high-pressure treatment, the ma-
jority noncentrosymmetric CePtGe3 with the BaNiSn3 type
of structure phase [10] together with a small admixture of
CePt4Ge12 and Ce2Pt3Ge5 [63] was identified [Fig. 1(c)].
Since the impurities do not contribute to the x-ray intensities
of the main phase, the peaks corresponding to these impurity
phases were excluded from the further Rietveld refinement,
which converged to the parameters presented in Table I.

FIG. 2. Crystal structures of LaPt2Ge2 (SG I4/mmm, ThCr2Si2

type; left) [58] and LaPtGe3 (I4mm type; right). La atoms are shown
in light gray, Pt atoms are in blue, and Ge atoms are shown as black
balls. The distortions in the latter structure are visible in the changes
in distances between the central La atoms and the tops of the 18-
vertice polyhedron.

The refined interatomic distances in the crystal struc-
tures of LaPtGe3 and CePtGe3 correlate well with the
sum of atomic radii of the elements (rLa = 1.88 Å; rCe =
1.82 Å; rPt = 1.38 Å; rGe = 1.23 Å) [64]. R-Ge, R-Pt, and
Ge-Ge contacts are slightly larger than the corresponding
sums, while Pt-Ge distances are shorter by 6%–7%. The
dependence of the unit cell volumes of known RPtGe3 (R =
La, Ce, Eu [43]) germanides versus ionic radii of Rn+ ions
[56] is plotted in Fig. 1(d). The observed linear dependence
suggests a stable 3+ oxidation state for Ce (and La) in the
studied compounds.

The close structural relationship of the ThCr2Si2 [57]
and BaNiSn3 [10] types on the basis of a group-subgroup
scheme was discussed in [65]. As one can see from Fig. 2,
the translationsgleiche symmetry reduction of index 2 (i.e.,
transition from SG I4/mmm to I4mm) results from different
site occupancies and slight distortions (shown for the example
of the shift of two vertices in the coordination polyhedron of
La atoms).

B. LaPtGe3

The magnetic susceptibility χ (T) for LaPtGe3 is depicted
in Fig. 3(a). It is diamagnetic in the whole measured tem-
perature range with χ0 = −97 × 10−6 emu mol−1. An upturn
below 100 K is due to a minor paramagnetic impurity contri-
bution (0.085μB, equivalent to 0.24% of magnetic S = 1/2
species). The measured χ (T) reveals no indications of any
phase transition in the temperature range 1.8–400 K.

The electrical resistivity ρ(T) for LaPtGe3 decreases with
decreasing temperature from 300 down to 1 K [Fig. 3(b)].
In this temperature range it fits nicely to the Bloch-
Grüneisen (BG) formula [66,67] with n = 5 [indicating
ρ(T) is dominated by phonon-electron scattering processes],
ρ0 = 4.76(2) μ� cm, phonon contribution coefficient A =
0.11(2) μ� cm, and Debye temperature �R(0) = 230(3) K.

The last value is in good agreement with �D(0) = 250 K
obtained from the specific heat (see below), which indicates
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(a)

(b)

FIG. 3. (a) Magnetic susceptibility χ (T ) for LaPtGe3. (b) Elec-
trical resistivity ρ(T ) together with the BG fit. Inset: Evolution of
ρ(T ) near the SC transition in different magnetic fields.

that the low-temperature transport properties are mainly due
to longitudinal phonons [68].

The electrical resistivity of LaPtGe3 starts to drop below
1.2 K and becomes zero at T 0

c = 0.57(1) K (Fig. 3, inset).
Such a broad SC transition is most likely due to chemical
inhomogeneities and crystallographic defects in the studied
sample. As seen in the inset in Fig. 3, the width of the
transition increases with increasing magnetic field, similar to
what was reported for SrPtSi3 [11], SrAuSi3 [24], CaPtSi3

[16], and AgMo6S8 [69]. This makes the estimation of the
critical magnetic field Bc challenging. Taking into account
that the onset of superconductivity is still clearly visible for
B = 20 mT, Bc > 30 mT is expected, which is much larger
than the values obtained from the specific heat measurements
(see discussion below). Since the difference between critical
fields estimated from diverse methods exceeds the factor of
1.695 associated with Bc3 surface superconductivity and thin
limit physics [1], some other effects should be involved (e.g.,
anisotropy, enhanced superconductivity at the grain bound-
aries, etc. [16]).

The specific heat capacity of LaPtGe3 in the cp/T vs T 2

presentation for various magnetic fields is plotted in the inset
of Fig. 4. The data for B = 12 mT are analyzed using the
following equation, where the first term corresponds to the
electronic specific heat cel and the second one corresponds to
the phononic contribution cph:

cp(T ) = γnT + βT 3. (1)

The obtained values are γn = 3.50(1) mJ mol−1 K−2

and β = 0.62(2) mJ mol−1 K−4, which indicates a Debye
temperature �D = 250(3) K. After substracting cph, the SC
transition for zero field was analyzed by a graphical equal-
area approximation (entropy conserving). This revealed Tc =
0.55(1) K [in agreement with T 0

c = 0.57(1) K obtained from
the electrical resistivity measurements] and the specific heat

FIG. 4. Electronic specific heat for LaPtGe3 and a comparison
with the α model [70]. The nonsuperconducting normal state cel =
γnT is given by a dashed line. Inset: Specific heat for LaPtGe3 in
various magnetic fields together with the fit to Eq. (1).

jump �cp/γnTc = 1.26(4), which is close to the prediction of
the BCS theory (i.e., 1.43) for weak-coupled s-wave super-
conductors. Also, the electronic specific heat cel of LaPtGe3

below Tc fits nicely with the α model for the BCS energy gap
ratio αBCS ≡ �(0)/kBTc ≈ 1.764 [70] (Fig. 4).

The specific heat anomaly of LaPtGe3, corresponding to
the SC transition, is observed above 0.35 K only for B < 8 mT
(inset in Fig. 4). Using the two Tc values estimated from
the jumps in cp (Fig. 4, inset) the critical field Bc = 14 mT
is obtained. The calculation of the thermodynamic critical
field for LaPtGe3 [Eq. (2)] results in Bc = 13(2) mT, which
indicates a type-I SC for the studied compound:

B2
c = 2(Fn − Fs) = −γnT

2
c + 2

∫ Tc

0
cel(T )dT . (2)

This finding is in line with the observed low Tc and Bc values,
which are comparable with those reported for such type-I
superconductors as simple metals [71], noncentrosymmetric
TaSi2 [72], and LaT Si3 (T = Rh, Ir, Pd) [21,26–28].

To obtain the microscopic superconducting parameters for
LaPtGe3 the free-electron model was applied, where the Som-
merfeld coefficient is

γ = π2k2
BNAm

h̄2(3π2n)2/3
. (3)

The calculated carrier density is n � 4.6(2) × 1027 m−3, the
coherence length ξBCS(0) = 0.18h̄vF/kBTc = 1490(20) nm,
and the penetration depth λBCS(0) = (m/μ0ne2)1/2 =
66(2) nm.

The electron-phonon coupling parameter is calculated in
two ways: (i) λ = 0.37 is obtained from the McMillan formula
(with the repulsive screened Coulomb potential μ∗ = 0.1):

λ = 1.04 + μ∗ln(�D/1.45Tc)

(1 − 0.62μ∗)ln(�D/1.45Tc) − 1.04
. (4)
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FIG. 5. Electronic density of states (DOS) for LaPtGe3. Inset:
The electronic band structure of LaPtGe3. Only band 1 (red) and
band 2 (blue) cross the Fermi level EF.

(ii) The DFT calculations result in a DOS at the Fermi level
N (EF) = 1.27 states eV−1 f.u.−1 (see below), which corre-
sponds to the Sommerfeld coefficient γbare = 3 mJ mol−1 K−2

and hence λ = (γn/γbare ) − 1 = 0.17. Both obtained λ values
for LaPtGe3 are well below 1, indicating a weak phonon-
electron coupling, which is compatible with a type-I super-
conductivity.

The Fermi wave vector for the spherical Fermi surface is
calculated as kF = 3

√
3π2n = 52(1) Å, and hence, the effec-

tive mass of the charge carriers

m∗ = γnh̄
2k2

F

π2nk2
B

= 2.2(1)me. (5)

Taking the ρ0 value from the BG fit, we estimate the free
mean time by applying the Drude model for the free-electron
gas: τ = m∗/ρ0ne2 = 3.5(2) × 10−13 s, and the mean free
path l = vFτ = (h̄/m) (3π2n)1/3τ = 209(9) nm, which
is one order of magnitude smaller than the coherence
length ξBCS(0), thus indicating LaPtGe3 is in the dirty
limit, similar to what was reported for the LaIrSi3 type-I
superconductor [27]. For the dirty-limit superconductors
the Ginzburg-Landau coherence length and the penetration
depth are given as ξGL(0) = 8.57 × 10−7(γρ0Tc)−1/2(1 − T/

Tc)−1/2 = 8953(70) nm and λGL(0) = 6.42 × 10−3(ρ0/Tc)1/2

(1 − T/Tc)−1/2 = 189(2) nm, respectively [73]. Hence,
we calculate the Ginzburg-Landau parameter κGL =
λGL(0)/ξGL(0) = 0.021(1) � 1/

√
2, again confirming

LaPtGe3 is a type-I superconductor.
The electronic structure of LaPtGe3 is presented in Fig. 5.

It features a low-energy separate region (extending from about
−12.5 to −7.2 eV) and a broad valence band (−6.6 to 0 eV)
separated from each other by an energy gap of −0.6 eV. The
low-energy band is mainly due to the mixing of Ge 4s states,
while the valence band is dominated by Ge 4p and Pt 5d

electrons. The La 4f states form a broad maximum just above
EF. Also La 6s and 5d states lie at higher energies above EF,
which indicates a charge transfer from the positively charged
La atoms towards the Pt-Ge anionic framework. The DOS at

FIG. 6. Inverse magnetic susceptibility χ−1(T ) for CePtGe3 to-
gether with the CW fit. The inset shows χ (T ) near the antiferromag-
netic orderings in different magnetic fields.

EF is 1.27 states eV−1 f.u.−1 (mainly due to Ge 4p states),
which indicates LaPtGe3 is a simple metallic system. Similar
features of the electronic structure were reported for such
superconductors as the filled skutterudite LaPt4Ge12 [74] and
Y3Pt4Ge13 [45].

The electronic band structure of LaPtGe3 near the Fermi
level is given in the inset of Fig. 5. It is similar to those
reported for isostructural SrAuSi3 [24], where only two bands
cross EF.

C. CePtGe3

The temperature dependence of the inverse magnetic sus-
ceptibility χ−1(T ) of the CePtGe3 phase is depicted in Fig. 6.
In the temperature range 50–300 K the susceptibility fits the
Curie-Weiss (CW) law with an effective magnetic moment
μeff = 2.46μB (close to the free-ion value 2.54μB for a Ce3+

ion) and small negative Weiss temperature θCW = −1.8 K.
These results confirm that the properties of CePtGe3 are
not affected by the minor impurity Ce2Pt3Ge5 phase, where
θCW = −39.2 K is reported [62]. CePtGe3 shows two mag-
netic ordering transitions at TN1 ≈ 3.1 K and TN2 ≈ 2.5 K
(inset in Fig. 6), as does the isostructural Ce{Rh, Ir}Ge3

[41,42] and structurally related CeAu2Ge2 [75]. Since both
of them can be suppressed by fields μ0H > 3.5 T (to T <

1.8 K), they indicate bulk antiferromagnetic (AF) ordering for
CePtGe3. The TN observed here are well below TN = 4 K,
which was reported for Ce2Pt3Ge5 [63] (the minor impurity
phase identified in our sample).

The electrical resistivity of CePtGe3 is one order of magni-
tude larger than that of LaPtGe3 [Figs. 3(b) and 7]. It decreases
linearly down to a temperature of ∼120 K; then the slope
increases, and the resistivity falls to ≈5 μ� cm at 7 K. Such a
broad curvature can originate from the combination of such
effects as the crystal electric field (CEF) and weak Kondo
interaction. The single-ion Kondo model [76] suggests the
position of the curvature maximum (i.e., ∼120 K) to give a
rough estimate of the total CEF splitting energy. This value
is in good agreement with the overall splitting of 137 K
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(a)

(b)

FIG. 7. Electrical resistivity ρ(T ) for CePtGe3 (μ0H = 0 T).
(a) ρ(T ) near the antiferromagnetic ordering. (b) Temperature
dependence of the charge carrier concentration n for CePtGe3.

obtained from the specific heat data (see below). The ρ(T )
of CePtGe3 reveals features similar to those reported for
CeIr2B2 [77]. A further drastic decrease of ρ(T ) occurs at
≈3.2 K [Fig. 7(a)], which is in good agreement with TN1,
the AF ordering temperature in CePtGe3. As determined from
Hall-effect measurements, the charge carrier (holes) concen-
tration h(T ) [Fig. 7(b)] is almost temperature independent
(1.10–1.34 × 1022 cm−3). These values are in fair agreement
with the carrier concentration calculated for LaPtGe3 and are
within the range observed for several other metallic ternary
transition-metal compounds.

The specific heat cp(T ) for CePtGe3 (Fig. 8) reveals
three anomalies centered at TN1 ≈ 3.7 K, TN2 ≈ 2.7 K, and
T ∗ ≈ 1.5 K. The first two agree well with magnetic ordering
observed in χ (T ) measurements, while the nature of the
anomaly at T ∗ is less clear. A similar shoulder in the specific

FIG. 8. Specific heat versus temperature for CePtGe3 in different
magnetic fields. The inset displays cp/T versus T 2 together with a
linear fit for T above the observed anomalies.

FIG. 9. Magnetic specific heat cmag versus temperature for
CePtGe3 together with the three-level Schottky anomaly fit based on
the CEF model (see text). The inset shows the integrated entropy with
two horizontal dashed lines corresponding to Rln2 and Rln4 values,
respectively.

heat just below a λ anomaly corresponding to an antiferro-
magnetic transition is reported for isostructural EuPtGe3 [43].
There, the shoulder is explained by a combination of contri-
butions of a Schottky anomaly and magnons. However, such
a scenario can be excluded in the case of the doublet ground
state of Ce3+ ions. The linear extrapolation of cp/T versus
T 2 dependence (inset in Fig. 8) results in an estimation of
the Sommerfeld coefficient γ0 ≈ 155(5) mJ mol−1 K−2. This
moderately enhanced value is comparable to those reported
for the structurally related CeNi2As2 [78] and CeAu2Ge2 [75]
compounds and indicates correlation effects originating from
the Ce 4f electrons. In a field of 0.5 T the anomalies at TN1

and TN2 shift towards lower temperatures (Fig. 8), which is a
fingerprint of the antiferromagnetic nature of both orderings.
A further increase of the magnetic field leads to the broaden-
ing of the anomalies. The Schottky-type dependence observed
in the specific heat of CePtGe3 for μ0H > 3 T indicates the
splitting of the ground-state doublet by the Zeeman effect.

The magnetic specific heat cmag for CePtGe3 is obtained by
subtracting cph of the phonon-reference compound LaPtGe3.
A broad maximum in cmag centered at ∼30 K (Fig. 9) is
due to a Schottky anomaly arising from the Ce3+ ground-
state multiplet J = 5/2 splitting into three doublets. Thus,
applying the formula for the Schottky contribution for a three-
level system, we obtained the energy splitting from the ground
state �1 = 46.0(2) K and �2 = 136.7(8) K. The magnetic
entropy Smag for CePtGe3 is plotted in the inset in Fig. 9. It
reaches a value of Rln4 at ∼41 K, which further supports
the energy splitting of 46 K between the ground state and the
first excited state. The magnetic entropy Smag ∼ 0.8Rln2 at
TN1 = 3.7 K is slightly lower than the expected critical value
and agrees well with the prediction of the Ising model for fcc
lattices (e.g., 0.85Rln2) [79]. This finding together with an
enhanced Sommerfeld coefficient γ may suggest a very weak
Kondo effect in the studied compound. Using the mean-field
theoretical universal plot of the jump in specific heat �cmag
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vs TK/Tm proposed in [80], we found TK/Tm ≈ 0.82 for
�cmag = 6.1 J mol−1 K−1, and hence, TK ≈ 2.3 K at TN2 =
2.75 K. Thus, we conclude that in CePtGe3 the magnetic
Ruderman-Kittel-Kasuya-Yosida (RKKY)-type interaction is
strongly dominating, resulting in the magnetically ordered
states at low temperatures.

IV. CONCLUSIONS

New LaPtGe3 and CePtGe3 germanides were synthe-
sized by the arc-melting method and by applying high-
pressure, high-temperature synthesis, respectively. Rietveld
crystal structure refinement performed on the high-resolution
x-ray diffraction powder patterns confirmed both of the com-
pounds crystallize with the noncentrosymmetric BaNiSn3

type (space group I4mm).
The measurements of the magnetic susceptibility re-

veal LaPtGe3 is a diamagnet, while the temperature de-
pendence of the electrical resistivity in agreement with
the theoretical DFT calculations indicates LaPtGe3 is a
simple metallic system. At Tc = 0.55 K LaPtGe3 be-
comes superconducting with a critical field Bc ≈ 14 mT,
which together with the Ginzburg-Landau parameter κGL =
λGL(0)/ξGL(0) = 0.021(1) < 1/

√
2 indicates that LaPtGe3 is

a type-I superconductor with weak electron-phonon coupling
and s-wave BCS-like superconductivity.

Above 50 K CePtGe3 is a paramagnet with an effective
magnetic moment μeff = 2.46μB, which is close to that of

the free Ce3+ ion. Measurements of magnetic susceptibility
and specific heat reveal two antiferromagnetic transitions at
TN1 ≈ 3.7 K and TN2 ≈ 2.7 K for CePtGe3. The origin of
the anomaly at T ∗ ≈ 1.5 K observed in the specific heat
is unclear. Obviously, to clarify the magnetic structure of
CePtGe3 a study of a single-crystalline material would be
required. The magnetic specific heat of CePtGe3 shows a
clear Schottky anomaly corresponding to the Ce3+ ground-
state multiplet J = 5/2 splitting into three doublets with
the splitting energies from the ground state �1 = 46.0(2) K
and �2 = 136.7(8) K. The slightly lower magnetic entropy
Smag ∼ 0.8R ln 2 at TN1 = 3.7 K together with the moderately
enhanced Sommerfeld coefficient γ0 ≈ 155(5) mJ mol−1 K−2

suggests only weak Kondo interactions and thus dominat-
ing RKKY interactions, resulting in an antiferromagnetically
ordered ground state in CePtGe3. No superconductivity was
detected for T > 0.35 K.
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[38] Y. Ōnuki, H. Shishido, Y. Okuda, Y. Miyauchi, R. Settai, T.
Takeuchi, T. Matsuda, N. Tateiwa, Y. Haga, and H. Harima,
Physica B (Amsterdam, Neth.) 403, 963 (2008).

[39] R. Settai, I. Sugitani, Y. Okuda, A. Thamizhavel, M.
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