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a b s t r a c t

Ternary intermetallics SrMGe3 (M = Rh, Ir, Ni, Pd and Pt) have been prepared by arc melting. The crystal
structure of these intermetallics was determined by single-crystal X-ray diffraction for M = Ir, Pd and
Pt. The structure of those three intermetallics is BaAl4-derivative BaNiSn3-type with the space group
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I4mm (No. 107). The other two, Rh and Ni, are likely to take the same structure, speculated from the
corresponding XRD patterns using the powder samples. Neither of them shows superconductivity down
to 1.8 K.

© 2010 Elsevier B.V. All rights reserved.
-ray diffraction
agnetic measurements

. Introduction

Among ternary intermetallic compounds, ThCr2Si2-type inter-
etallics have been extensively studied, especially for the interest

f the superconducting and magnetic properties. The structure of
hCr2Si2 is the ordered ternary derivative of the binary BaAl4-
ype structure [1]. Although superconductivity is observed for
ome compounds, the critical temperature (Tc) is generally very
ow, as reported for LaPd2Ge2 and LaIr2Ge2 with Tc’s of 1.12
2] and 1.5 K [3], respectively. Many works were carried out for
he discovery of new intermetallic superconductors with higher
c’s. Finally, quaternary intermetallic superconductors AT2B2C with
hCr2Si2-derivative structure showing high Tc’s were discovered
4–7]. Among these borocarbides, YPd2B2C shows the highest
c of 23 K. Furthermore, recently new ThCr2Si2-type supercon-
uctors (Ba,Sr)1−x(K,Cs)xFe2As2 were discovered with Tc’s up to
8 K [8,9]. Thus, this structure is one of the keys to search
or new high-Tc intermetallic superconductors. Indeed, we have
ecently discovered ThCr2Si2-type ternary germanide SrPd2Ge2
hows superconductivity with a Tc of 3.0 K [10]. Other related
ermanides SrM2Ge2 (M = Ni and Ir) with the same ThCr2Si2-
ype structure do not show superconductivity down to 1.8 K

11].

Numerous intermetallics with this ThCr2Si2-type structure have
een reported. The ThCr2Si2-type structure is one of the derivatives
f the binary BaAl4-type structure, as mentioned above. The inter-
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metallics with other derivative structures such as CaBe2Ge2 and
BaNiSn3 have been much less reported. The structural difference
among these three types in A–M–X ternary systems is as fol-
lows: XMX–XMX in ThCr2Si2, MXM–XMX in CaBe2Ge2, MXX–MXX in
BaNiSn3. In this paper we report new BaNiSn3-type intermetallics
SrMGe3 (M = Ir, Pd and Pt). Neither of them shows superconductiv-
ity down to 1.8 K.

2. Experimental

Starting materials were Sr (sheet, 99% in purity), Rh (powder, 99.9%), Ir (powder,
99.9%), Ni (shot, 99.9%), Pd (sheet, 99.95%), Pt (sheet, 99.95%) and Ge (grain, 99.99%).
The Rh and Ir powders were preliminary arc melted to form small grains. They
were arc melted with a stoichiometric ratio of SrMGe3 (M = Rh, Ir, Ni, Pd and Pt)
under Ar gas atmosphere on a water-cooler copper hearth. The melting was repeated
several times with the button turned over between each melt. First M and Ge were
arc melted, and then the melted buttons were melted together with Sr in order to
minimize the loss of Sr. The weight loss after the melting was within a few percent.
The obtained buttons wrapped in a Ti foil were annealed in an evacuated silica tube
at 1173 K for one week and quenched into a cold-water bath.

Phase identification was carried out for crushed samples by an X-ray diffraction
(XRD) method with an X-ray diffractometer Rigaku RINT-TTR III with monochro-
matized Cu K� radiation. Single crystals for structural analyses picked up from
the crushed samples were glued on the top of a glass fiber and mounted on the
goniometer head. X-ray single crystal diffraction data were collected at room tem-
perature 293(2) K using a Bruker SMART APEX CCD area-detector diffractometer
with graphite monochromatized Mo K� radiation (� = 0.071073 nm). The absorption
correction and structural refinement were carried out using the programs SADABS
and SHELXL97 [12–14].
Microstructural observation was carried out using a scanning electron micro-
scope (SEM) JEOL JSM-6301F with an energy dispersive X-ray (EDX) spectrometer.

DC magnetization measurements were performed for polycrystalline bulk sam-
ples at temperatures above 1.8 K with a superconducting quantum interference
device (SQUID) magnetometer Quantum Design MPMS XL. Each measurement was
carried out for a few samples to check reproducibility.

dx.doi.org/10.1016/j.jallcom.2010.08.150
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Table 1
Atomic coordinates and equivalent thermal parameters for BaNiSn3-type SrMGe3 (M = Ir, Pd and Pt).

Site Atom Wyckoff position x y z Ueq × 104 (nm2)

Sr Sr 2a 0 0 0.0000(3)1 1.49(4)1

0.0000(2)2 1.45(3)2

0.0000(2)3 1.50(3)3

M M 2a 0 0 0.6493(1)1 1.21(2)1

0.6419(1)2 1.23(2)2

0.6448(1)3 1.30(1)3

Ge1 Ge 4b 0 1/2 0.2537(2)1 1.52(4)1

0.2532(1)2 1.34(2)2

0.2570(1)3 1.41(3)3

Ge2 Ge 2a 0 0 0.4123(2)1 1.55(5)1

Superscripts 1, 2 and 3 indicate the parameters for M = Ir, Pd and Pt, respectively.
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ig. 1. XRD patterns of crushed polycrystalline samples of SrMGe3 (M = Rh, Ir, Ni, Pd
nd Pt). Most of the XRD peaks are indexed on the basis of a tetragonal unit cell.

. Results and discussion

Fig. 1 shows the XRD patterns of crushed powder sample SrMGe3

M = Rh, Ir, Ni, Pd and Pt). Most of the diffraction peaks in the XRD
atterns are indexed on the basis of a tetragonal unit cell. The reflec-
ion condition of h + k + l = 2n. This indicates that the lattice is body
entered with one of suggested space groups I4̄m2, I4̄2m, I4mm,
422 and I4/mmm. The lattice parameters of SrIrGe3 are a = 0.446

able 2
rystal data and results of the structural refinements for BaNiSn3-type SrMGe3 (M = Ir, Pd

Compound SrIrGe3

Space group
Formula units/cell
Calculated density (gcm−3) 8.213
Crystal size (�m3) 40 × 40 × 100
Absorption coefficient (mm−1) 68.031
Rint 0.0288
2�max 80.48
Number of measured reflections 2262
Number of unique reflections 374
Number of reflections with I > 2�(I) 374
h k l range −8 ≤ h ≤ 8, −7 ≤ k ≤ 8, −12 ≤ l ≤ 18
Number of refined parameters 15
Final residual R[F2 > 2�(F2)] 0.0401
Weighted R (F2) 0.1106
Goodness of fit on F2 1.101
��max/��min (e/Å3) 3.001/−4.508
0.3994(2)2 1.43(4)2

0.4012(2)3 1.38(4)3

and c = 1.010 nm. The SrMGe3 with the other M’s show the lattice
parameters almost equal to those of SrIrGe3. The color of SrRhGe3
and SrIrGe3 is slightly red, the same as ThCr2Si2-type SrNi2Ge2 and
SrPd2Ge2, whereas the other intermetallics SrNiGe3, SrPdGe3 and
SrPtGe3 are metallic gray. Preliminary experiment revealed that
arc melting of SrMGe3 (M = Fe, Ru, Os and Co) did not form this
tetragonal phase at all.

SEM–EDX analyses were performed on the polished cross-
section of the buttons of SrMGe3. The metallographic observation
indicated that these samples were nearly single-phase, in agree-
ment with the XRD patterns shown in Fig. 1. The composition of
the main phase in these samples is Sr:M:Ge = 1:1:3, indicating that
the phase with the tetragonal cell is indeed SrMGe3.

Shiny crystals picked up from crushed samples of M = Ir, Pd
and Pt were used for structural refinement. Preliminary investi-
gations indicated that these crystals had almost the same lattice
parameters as the polycrystalline SrMGe3. The lattice param-
eters of SrMGe3 are almost equal to those of LaIrGe3 with
a = 0.4428(4) and c = 1.0042(9) nm and BaPtGe3 with a = 0.45636(2)
and c = 1.023416(6) nm [15,16]. The structure of these inter-
metallics is BaNiSn3-type with the space group I4mm (No. 107).
Therefore, the structural refinements were firstly carried out on
the basis of the model of BaNiSn3-type structure for SrMGe3.

Table 1 lists the atomic coordinates and equivalent thermal
parameters for SrMGe3 (M = Ir, Pd and Pt). The crystal data and the
results of structural refinements are listed in Table 2. The small R
factors for these three intermetallics indicate that the structure of
SrMGe3 is BaNiSn3-type. The difference of the number of refined

parameters in Table 2 is associated with the extinction effect. The
effect was ignorable for both SrPdGe3 and SrPtGe3 samples. Fig. 2
shows the crystal structure of BaAl4, together with its derivative
BaNiSn3-type SrMGe3 and ThCr2Si2. For the other two, SrRhGe3

and Pt).

SrPdGe3 SrPtGe3

I4mm (No. 107)
Z = 2

6.685 8.178
60 × 100 × 100 60 × 80 × 160
38.81 69.020
0.0315 0.0518
80.42 80.84
2271 2140
415 417
413 415
−8 ≤ h ≤ 7, −8 ≤ k ≤ 8, −18 ≤ l ≤ 17 −7 ≤ h ≤ 8, −7 ≤ k ≤ 7, −18 ≤ l ≤ 18
14
0.0431 0.0342
0.1018 0.0825
1.119 1.104
2.434/−1.585 4.380/−2.319
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ig. 2. Crystal structure of (a) BaAl4, together with its derivative (b) BaNiSn3-type
etrahedra.

nd SrNiGe3, we could not pick up single crystalline samples. The
attice parameters of those two intermetallics suggest that they are
ikely to take the same BaNiSn3-type structure and Rietveld struc-
ural refinements using the XRD patterns of those polycrystalline
amples are under way.

Table 3 lists the lattice parameters, atomic radii ri [17], inter-
tomic distances di−j and their corresponding relative dilatations
i−j in SrMGe3 (M = Ir, Pd and Pt), together with ThCr2Si2-type

rM’2Ge2 (M’ = Ir, Ni and Pd) for comparison [10,11]. Here �i−j is
efined as �i−j =

(
di−j −

∑
ri

)
/
∑

ri. The axial ratio c/a is almost
he same for BaNiSn3-type ternary germanides AMGe3, ranging
rom 2.24 in BaPtGe3 [16] to 2.30 in SrPdGe3. Small atoms such
s Y at the 2a site in AMGe3 have not been reported so far and the
ecrease in size of the atom A at the 2a site in the AMGe3 turns the
tructure to cubic Yb3Rh4Sn13-type with similar composition [15].

On the other hand, in the ThCr2Si2-type AM2Ge2 the c/a ratio
anges from 2.29 in LaPd2Ge2 to 2.73 in YMn2Ge2 [18,19]. The
ecrease in size of the atom A at the 2a site in AM2Ge2 does not
lways decrease the c-axis parameter. This relatively large range
f the c/a ratio in ThCr2Si2-type, compared with BaNiSn3-type, is
ssociated with the ability of accommodating various combinations
f three atoms. Hence, a huge number of intermetallic compounds
ith this structure are observed. On the other hand, the small range
f the c/a ratio in BaNiSn3-type means a smaller number of inter-
etallics with this structure.
These ThCr2Si2- and BaNiSn3-type structures have layers of

’Ge4 and Ge(2)M2Ge(1)2 tetrahedra, respectively, as shown in
ig. 2. These layers are connected with Ge–Ge and M–Ge(1) bonds.
e3 (M = Ir, Pd and Pt) with Ge(2)M2Ge(1)2 tetrahedra and (c) ThCr2Si2 with CrSi4

The �M−Ge(1) in SrMGe3 is almost equal and small, suggest-
ing strong interactions between the layers of the Ge(2)M2Ge(1)2
tetrahedra. On the other hand, the �Ge–Ge in SrM’2Ge2 is scat-
tered and large, suggesting weak interactions between the layers.
Other ThCr2Si2-type ternary germanides also show such scattered
�Ge–Ge, ranging from −11.3 in YCu2Ge2 to +4.2 in SrRu2Ge2 [19,20].
Therefore, the difference of the interactions between the layers
causes the difference of range in the c/a ratio and hence the number
of intermetallics for these two structures.

Fig. 3 shows temperature-dependent DC magnetization curves
measured in both zero-field cooling (ZFC) and field cooling (FC)
modes for polycrystalline samples of SrMGe3 (M = Ir, Pd and Pt).
The SrPdGe3 sample does not show diamagnetic signals down to
1.8 K, indicating that the sample is not superconducting. This is in
contrast to BaAl4-derivative ThCr2Si2-type SrPd2Ge2 with a Tc of
3.0 K [10].

On the other hand, the other two samples SrIrGe3 and SrPtGe3
show a diamagnetic signal at around 5 K with a broad transition.
The magnitude of magnetic shielding signal after being corrected
for demagnetization effects is below 1% of that estimated for perfect
diamagnetism. Taking into account the volume fraction of SrIrGe3
and SrPtGe3 phases in the samples from XRD analyses shown in
Fig. 1, we conclude that neither of SrIrGe3 nor SrPtGe3 is super-

conducting down to 1.8 K. In a binary system of Ir–Ge, IrGe shows
superconductivity with a Tc of 4.7 K [21]. In ternary systems of
A–Ir–Ge, some superconducting materials such as La3Ir2Ge2 with
a Tc of 4.7 K [22] have been reported so far. On the other hand, in a
Pt–Ge system, PtGe shows superconductivity with a Tc of 0.4 K [23].
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Table 3
Lattice parameters, atomic radii, interatomic distances and their corresponding relative dilatations in BaNiSn3-type SrMGe3 (M = Ir, Pd and Pt) and ThCr2Si2-type SrM’2Ge2

(M’ = Ir, Ni and Pd) [10,11]. Here �i−j is relative dilatations of the interatomic distances from atomic radii, defined as �i−j =
(

di−j −
∑

ri

)
/
∑

ri where di−j and ri denote

interatomic distances of i−j and atomic radius of i, respectively. The radius of Ge used is 0.137 nm [17].

Compound SrIrGe3 SrPdGe3 SrPtGe3 SrIr2Ge2 SrNi2Ge2 SrPd2Ge2

Lattice parameters
a (nm) 0.44653(1) 0.44623(2) 0.44778(2) 0.41916(2) 0.41801(1) 0.44088(2)
c (nm) 1.00909(5) 1.02737(7) 1.01366(9) 1.0674(1) 1.02409(6) 1.01270(8)
c/a 2.2598 2.3023 2.2637 2.5465 2.4499 2.2970

Cell volume (nm3) 0.20120(1) 0.20457(2) 0.20325(2) 0.18753(2) 0.17894(1) 0.19684(2)
Atomic radius of M(M’) (nm) 0.135 0.137 0.139 0.135 0.125 0.137

dSr–M (nm) 0.3499(1) 0.34758(8) 0.34901(8)
0.3539(3) 0.3679(2) 0.3600(2)

dSr–Ge(1) (nm) 0.3341(2) 0.3378(2) 0.3344(2)
0.3397(2) 0.3427(2) 0.3420(1)

dSr–Ge(2) (nm) 0.3279(1) 0.33202(8) 0.33209(8)
dM–Ge(1) (nm) 0.24688(9) 0.25070(7) 0.25021(6)
�M–Ge(1) (%) −9.2 −8.5 −9
dM–Ge(2) (nm) 0.2391(3) 0.2491(2) 0
dGe(1)–Ge(2) (nm)
�Ge–Ge (%)
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[
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[
[

[

[

[
[
[
[21] B.T. Matthias, Phys. Rev. 92 (1953) 874–876.
ig. 3. Temperature-dependent DC magnetization curves for polycrystalline sam-
les of SrMGe3 (M = Ir, Pd and Pt). The data were recorded in both zero-field cooling
ZFC) and field cooling (FC) modes. The applied field was 10 Oe.

n the corresponding ternary system, SrPt4Ge12 shows supercon-
uctivity with a Tc of 5.4 K [24]. Therefore, the superconductivity
bserved in our samples is possibly due to the presence of such
inary or ternary germanides.

SrIrGe3 does not show superconductivity down to 1.8 K, as men-
ioned above. However, the color of the SrIrGe3 sample is slightly
ed, the same as superconducting SrPd2Ge2. Therefore, SrIrGe3 may
how superconductivity below 1.8 K.
. Conclusions

We have prepared ternary germanides SrMGe3 (M = Rh, Ir, Ni,
d and Pt) by arc melting. The germanides have a body-centered
etragonal unit cell with BaNiSn3-type structure with the space

[

[
[

.3

.2470(2)
0.2766(3) 0.28332(7) 0.2626(1)

+0.9 +3.4 −4.2

group I4mm (No. 107) for M = Ir, Pd and Pt, determined by single-
crystal X-ray diffraction. The other two are also likely to take the
same structure. DC magnetization measurements indicated that
neither of them shows superconductivity down to 1.8 K.
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