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The new intermetallic compounds Sr2Pd2In and Sr2Pt2In were synthesized from the elements in
sealed tantalum tubes in a water-cooled sample chamber of an induction furnace. Both indides crys-
tallize with the HT-Pr2Co2Al-type structure: C2/c, a = 1048.7(2), b = 603.5(2), c = 830.6(1) pm, β =
103.68(2)◦, wR2 = 0.0492, 743 F2 values for Sr2Pd2In; a = 1026.8(2), b = 599.0(1), c = 830.3(2) pm,
β = 103.17(1)◦ , wR2 = 0.0666, 885 F2 values for Sr2Pt2In with 25 variables per refinement. The
shortest interatomic distances occur for the Pd–In (Pt–In) and Pd–Pd (Pt–Pt) contacts. The strontium
atoms are embedded in complex three-dimensional polyanionic networks of compositions [Pd2In]
and [Pt2In].
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Introduction

The europium-transition metal (T ) indides EuxTyInz
have intensively been investigated in recent years with
respect to their structural chemistry and their interest-
ing magnetic and electrical properties. Prominent ex-
amples are the metamagnets EuPdIn (TN = 13 K) [1,
2] and EuAuIn (T N = 21 K) [1, 3], the antiferromag-
net EuRh2In8 [4, 5], or the ferromagnet EuPt4In [6].
Besides susceptibility measurements, the magnetic hy-
perfine interactions and the europium valence of these
compounds can effectively be studied by 151Eu Möss-
bauer spectroscopy. A large number of data are sum-
marized in a recent review article [7].

A comparison of the ionic radii of Eu2+ (117 pm)
and Sr2+ (118 pm) [8] implies, that divalent europium
in such intermetallic and related compounds might be
substituted by diamagnetic Sr2+. Prominent examples
for such a substitution are the oxides EuIIEuIII

2O4
[9 – 11] and SrEu2O4 [9], where strontium completely
substitutes for divalent europium. Therefore, a num-
ber of strontium-transition metal indides exist, which
are isotypic with the corresponding europium com-
pounds: SrT In (T = Pd, Pt, Au) [12 – 14], SrT In2
(T = Rh, Pd, Ir, Pt) [15], SrT In4 (T = Ni, Pd,
Ir, Pt) [16, 17], SrAu3In3 [18], Sr2Au3In4 [19], the
solid solution SrIn4−xAux [14, 20, 21], Sr2Rh2In3 [22],
SrRh2In8 [16], and SrT7In6 (T = Ni, Cu) [23, 24].
These strontium compounds do not contain strontium
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as majority component. In view of the interesting crys-
tal chemistry of the recently reported calcium-rich in-
dides Ca2Pd2In, Ca2Pt2In [25], and Ca3Au3In [26],
we were interested in the corresponding strontium-rich
systems. Herein we report on the synthesis and struc-
ture refinements of Sr2Pd2In and Sr2Pt2In which are
isotypic with the calcium compounds.

Experimental Section
Synthesis

Starting materials for the synthesis of Sr2Pd2In and
Sr2Pt2In were a strontium rod (Johnson Matthey, > 99.8 %),
palladium and platinum powder or shot (Heraeus, > 99.9 %),
and indium tear drops (Johnson Matthey, > 99.9 %). The el-
ements were weighed in the ideal 2 : 2 : 1 atomic ratio and
sealed in small tantalum tubes under an argon pressure of ca.
600 mbar [27]. The argon was purified before over molecu-
lar sieves, silica gel and titanium sponge (900 K). The am-
poules were then placed in a water-cooled sample chamber
of a high-frequency furnace (Hüttinger Elektronik, Freiburg,
type TIG 1.5/300) under flowing argon [28], were rapidly
heated to 1600 K and kept at that temperature for about 1 min
followed by slow cooling to 900 K. Finally the samples were
annealed for 4 h at that temperature. The temperature was
controlled through a Sensor Therm Methis MS09 pyrome-
ter with an accuracy of ±30 K. The samples could easily be
separated from the crucible material. No reaction with tanta-
lum was observed. Well-shaped single crystals of Sr2Pd2In
and Sr2Pt2In are stable in air over several days. Polycrys-
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Table 1. Crystal data and structure refinement for Sr2Pd2In
and Sr2Pt2In, space group C2/c (No. 15), Z = 4, Pearson code
mC20.

Empirical formula Sr2Pd2In Sr2Pt2In
Molar mass 502.86 680.24
Unit cell dimensions
(Guinier powder data)
a, pm 1048.7(2) 1026.8(2)
b, pm 603.5(2) 599.0(1)
c, pm 830.6(2) 830.3(2)
β , deg 103.68(2) 103.17(1)
V , nm3 0.5108 0.4973
Calculated density, g cm−3 6.54 9.09
Crystal size, µm3 40×40×50 20×60×80
Detector distance, mm 60 –
ω Range; increment, deg 0 – 180; 1 –
Exposure time, min 5 –
Integr. Param. A, B, EMS 13.2; 3.5; 0.010 –
Transmission (max/min) 1.80 1.91
Absorption coefficient, mm−1 31.9 44.3
F(000), e 868 1124
θ Range for data collection 3 to 30◦ 3 to 25◦
Range in hkl −13 ≤ h ≤ 14 −15 ≤ h ≤ 15

−7 ≤ k ≤ 8 0 ≤ k ≤ 9
−11 ≤ l ≤ 11 −12 ≤ l ≤ 12

Total no. reflections 2581 1766
Independent reflections 743 885

Rint 0.0676 0.0609
Reflections with I ≥ 2σ(I) 391 609

Rσ 0.1399 0.0815
Data / ref. parameters 743 / 25 885 / 25
Goodness-of-fit on F2 0.489 0.957
Final R indices [I ≥ 2σ(I)] R1 = 0.0238 R1 = 0.0391

wR2 = 0.0422 wR2 = 0.0598
R indices (all data) R1 = 0.0720 R1 = 0.0747

wR2 = 0.0492 wR2 = 0.0666
Extinction coefficient 0.0015(1) 0.0028(2)
Largest diff. peak and hole, e Å−3 1.03 / −1.35 2.46 / −2.69

talline samples and powders slowly hydrolyze in humid air.
Single crystals exhibit metallic lustre while ground powders
are light grey.

X-Ray diffraction

The samples were studied through Guinier powder pat-
terns (imaging plate technique, Fujifilm BAS-1800) us-
ing CuKα1 radiation and α-quartz (a = 491.30 and c =
540.46 pm) as an internal standard. The lattice parameters
(Table 1) were obtained from least-squares fits of the powder
data. To ensure correct indexing, the experimental patterns
were compared to calculated ones [29], taking the atomic
positions from the structure refinements. The lattice param-
eters determined on the single crystal diffractometers (a =
1049.9(2), b = 603.1(1), c = 829.3(2) pm, β = 103.62(3)◦ for
Sr2Pd2In and a = 1025.7(1), b = 598.2(1), c = 829.8(1) pm,
β = 103.14(1)◦ for Sr2Pt2In) were in agreement with the
powder data (Table 1).

Table 2. Atomic coordinates and isotropic displacement pa-
rameters (pm2) of Sr2Pd2In and Sr2Pt2In. Ueq is defined as
one third of the trace of the orthogonalized Uij tensor.

Atom Wyckoff x y z Ueq
site

Sr2Pd2In
Sr 8 f 0.35144(7) 0.1396(2) 0.35214(8) 72(2)
Pd 8 f 0.13313(6) 0.13567(19) 0.00301(7) 82(2)
In 4e 0 0.1345(2) 1/4 62(2)

Sr2Pt2In
Sr 8 f 0.35182(10) 0.1412(3) 0.35222(14) 106(2)
Pt 8 f 0.13609(5) 0.13773(10) 0.00256(6) 98(2)
In 4e 0 0.1312(3) 1/4 98(3)

Table 3. Interatomic distances (pm) in the structures of
Sr2Pd2In and Sr2Pt2In, calculated with the lattice parame-
ters obtained from X-ray powder data. Standard deviations
are all equal or smaller than 0.2 pm. All distances within the
first coordination spheres are listed.

Sr2Pd2In Sr2Pt2In
Sr: 1 Pd 321.6 Sr: 1 Pt 318.9

1 Pd 322.3 1 Pt 320.1
1 Pd 324.2 1 Pt 322.6
1 Pd 326.1 1 Pt 324.0
1 Pd 328.5 1 Pt 324.3
1 Pd 330.6 1 Pt 325.8
1 In 356.3 1 In 349.8
1 In 357.4 1 In 351.8
1 In 358.1 1 In 357.7
1 In 361.5 1 In 359.9
2 Sr 384.8 1 Sr 379.9
1 Sr 384.8 1 Sr 380.7
1 Sr 386.8 2 Sr 382.1
1 Sr 388.5 1 Sr 383.9

Pd: 1 In 274.1 Pt: 1 Pt 270.7
1 In 276.3 1 In 273.6
1 Pd 282.4 1 In 275.9
1 Sr 321.6 1 Sr 318.9
1 Sr 322.3 1 Sr 320.1
1 Pd 322.7 1 Sr 322.6
1 Sr 324.2 1 Pt 323.8
1 Sr 326.1 1 Sr 324.0
1 Sr 328.5 1 Sr 324.3
1 Sr 330.6 1 Sr 325.8

In: 2 Pd 274.1 In: 2 Pt 273.6
2 Pd 276.3 2 Pt 275.9
2 Sr 356.3 2 Sr 349.8
2 Sr 357.4 2 Sr 351.8
2 Sr 358.1 2 Sr 357.7
2 Sr 361.5 2 Sr 359.9

Single crystal intensity data of Sr2Pt2In were collected
at r. t. by use of a four-circle diffractometer (CAD4) with
graphite-monochromatized AgKα (56.086 pm) radiation and
a scintillation counter with pulse height discrimination. The
scans were taken in the ω/2θ mode. Intensity data for
Sr2Pd2In were measured at r. t. on a Stoe IPDS-II image
plate system in oscillation mode. Numerical absorption cor-
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rections were applied to both data sets. All relevant details
concerning the data collections and evaluations are listed in
Table 1.

Structure refinements

Small, irregularly shaped single crystals of Sr2Pd2In and
Sr2Pt2In were selected from the annealed samples by me-
chanical fragmentation and examined by use of a Buerger
camera equipped with an image plate system (Fujifilm BAS-
1800) in order to establish suitability for intensity data col-
lection. The isotypy with the monoclinic HT-Pr2Co2Al-type
[30], space group C2/c, was already evident from the powder
patterns.

The atomic parameters of Ca2Pd2In [25] were taken
as starting values and both structures were refined us-
ing SHELXL-97 [31] (full-matrix least-squares on F2) with
anisotropic atomic displacement parameters for all atoms.
The occupancy parameters were refined in separate series
of least-squares cycles. All sites were fully occupied within
two standard deviations and the ideal occupancies were as-
sumed again in the last cycles. The final difference Fourier
syntheses were flat (Table 1). The positional parameters and
interatomic distances of the refinements are listed in Tables 2
and 3.

Further details of the crystal structure investigation may
be obtained from Fachinformationszentrum Karlsruhe,
76344 Eggenstein-Leopoldshafen, Germany (fax: +49-
7247-808-666; e-mail: crysdata@fiz-karlsruhe.de, http://
www.fiz-informationsdienste.de/en/DB/icsd/depot anforde
rung.html) on quoting the deposition numbers CSD-391432
(Sr2Pd2In) and CSD-391433 (Sr2Pt2In).

Scanning electron microscopy

The bulk samples of Sr2Pd2In and Sr2Pt2In and the sin-
gle crystals investigated on the diffractometers were analyzed
in a LEICA 420 I scanning electron microscope equipped
with an OXFORD EDX analyzer. Since the crystals were
mounted by beeswax on glass fibres, they were first coated
with a carbon film. SrF2, Pd, Pt, and InAs were used as stan-
dards for the semiquantitative EDX measurements. The anal-
yses (41± 2 at.-% Sr : 39± 2 at.-% Pd : 20± 2 at.-% In and
38± 2 at.-% Sr : 41 ± 2 at.-% Pt : 21± 2 at.-% In) were in
good agreement with the ideal composition and no impurity
elements were observed.

Results and Discussion

Sr2Pd2In and Sr2Pt2In crystallize with the mono-
clinic HT-Pr2Co2Al-type structure [30] and they are
isotypic with Ca2Pd2In and Ca2Pt2In [25]. Due to the
larger size of strontium, the cell volumes increase for
Sr2Pd2In and Sr2Pt2In with respect to the calcium

Fig. 1. The crystal structure of Sr2Pt2In. The strontium, plat-
inum, and indium atoms are drawn as medium grey, black,
and open circles, respectively. The three-dimensional [Pt2In]
network is emphasized. For details see text.

compounds. As an example, a view of the Sr2Pt2In
structure approximately along the [110] direction is
shown in Fig. 1. The shortest interatomic distances
in this structure occur for Pt–Pt (271 pm) and Pt–In
(273 – 276 pm). Together, the platinum and indium
atoms build up a three-dimensional polyanionic net-
work which consists of Pt2 dumb-bells that are bridged
via the indium atoms. Larger channels within this net-
work extend along the [110] direction. They are filled
by the strontium atoms. In agreement with the course
of the electronegativities, bonding of strontium to the
[Pt2In] network proceeds via shorter Sr–Pt contacts
(319 – 326 pm), similar to SrPtIn [13]. For a more
detailed discussion on the coordination polyhedra in
this structure type we refer to the previous work on
Ca2Pd2In and Ca2Pt2In [25].

Finally we revert to the differences between the pal-
ladium and platinum compounds in both series. Al-
though the Pt–Pt distances are slightly longer in fcc
platinum with respect to fcc palladium [32] (the same
holds true for the course of the covalent radii [33]),
the cell volumes of Ca2Pt2In and Sr2Pt2In are about
2 % smaller than those of the corresponding palla-
dium compounds. Similar volume reduction occurs for
the pairs SrPtIn [13] and SrPdIn [12] as well as for
the binary alkaline earth (AE) compounds AEPd5 ⇔
AEPt5 and AEPd2 ⇔ AEPt2 [34]. This peculiar behav-
ior is most likely related to the relativistically caused
contraction (stabilization) of the platinum 6s orbitals
[35, 36].
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org. Mater. 2000, 2, 135.
[23] V. I. Zaremba, I. R. Muts, R.-D. Hoffmann, R. Pöttgen,
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Chem., in press.
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