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The SmPdslIn, compound was synthesized from the elements by arc-melting followed by
annealing at 870 K. The crystal structure was refined from powder synchrotron X-ray diffraction. It
crystallizes with the CePdsln,-type structure, space group Pnma, a = 10.2859(13), b = 4.5865(4),
€ =9.7474(12) A, Z = 4, Ry = 2.56 %, Rgagg = 3.74 %. The refined lattice parameters of the SmPdIn,
compound are the smallest in the REPd;In, series, where RE = La, Ce, Pr, Nd, and Sm. The structure
is two-layered along the shortest cell parameter and contains chains of octahedral voids [E Sm,Pd,In,]
extended along the [010] direction.

The crystal structure of the SmPdIn compound (the ZrNiAl-type structure, space group
P-62m, a = 7.6596(10), ¢ = 3.9366(6) A, Z = 3, Rt = 2.91 %, Rpagq = 5.05 %), which is in equilibrium
with SmPd;In,, was also refined.
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1. Introduction

The RE-Pd-In ternary systems, where RE stands for rare-earth elements, have
attracted broad interest in recent years due to the wide variety of stoichiometry of existing
ternary compounds and their physical properties. Best examples are well-known cerium-
based heavy-fermion antiferromagnets CePdIn [1] and CegPdyln [2], or heavy-fermion
superconductors Ce,PdIng [3] and CezPdIng; [4]. The isothermal sections of the Ce—Pd-In
phase diagram at 1023 K [5] and the Yb—Pd-In phase diagram at 873 K [6] have been
reported in the whole concentration ranges. Meanwhile, the isothermal sections of the
Tb—Pd-In and Ho—Pd-In phase diagrams at 1023 K have been constructed partially around
the RE,Pd,In compounds and along the 50 at. % Pd iso-concentration line [7]. Ternary
systems with other rare earths have been studied to search for new representatives of known
structure types.
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According to Ref. [5], few ternary compounds have been found to exist in the
Pd-rich corner of the Ce—Pd-In system: CegPd,4In, CePd,In, Ce,Pd-In;, CePdsln, at 1023 K
[5] where last two phases have been reported with unknown structures.

Using the single-crystal XRD method, the authors of [8] revealed that the CePdsln,
compound crystallizes with a new structure type. The formation of the isostructural
LaPdsln, phase has been established by the powder X-ray diffraction (XRD) method [9].
The CePdzln, compound has been reported as an antiferromagnet below
Ty = 2.1 K, and the LaPdsIn, compound, in turn, is a Pauli paramagnet [9].

New representatives of the REPdsln, compounds with the CePdsln,-type structure
have been reported recently [10]. The crystal structures of the compounds with RE = Pr and
Nd have been solved from X-ray single crystal diffraction data, while the structure type has
been assigned and the cell parameters have been determined for the compounds with
RE = La and Sm based on Guinier X-ray powder diffraction patterns. We observed the
formation of the SmPdsln, compound while studying the Sm—Pd-In ternary system at
870 K, and in this paper we report the results of complete structure determination from the
synchrotron X-ray powder diffraction data.

2. Experimental Section

A sample with a total weight of about 1 g was arc-melted under a pure argon
atmosphere on a water-cooled copper hearth. Argon was purified by a preliminary melting
titanium sponge. Given the possible losses of samarium and indium during synthesis, the
initial composition of the sample Sm,oPdssinss was slightly different from the ideal
1:3:2 atomic ratio, i.e. Smyg;Pdsglnsss. Ingots of samarium of purity not lower than
99.8 wt. %, palladium 99.9 wt. %, and indium 99.99 wt. % were used as the starting
materials. The sample was turned over and remelted two times to achieve homogeneity.
The weight loss after the arc-melting procedure was smaller than 1 wt. %. The sample was
sealed in an evacuated silica tube, annealed at 870 K for two months, and subsequently
quenched in cold water.

The annealed sample was polished and semi-quantitatively investigated by
EDX analyses using a REMMA-102-02 scanning electron microscope. Its phase
composition was determined, and no impurity elements were detected.

Unfortunately, no single crystals suitable for crystal structure investigations were
found in the ingot and annealed sample.

Powder diffraction data of the Sm,,Pdssinss sample were obtained at room
temperature using a PANalytical X’Pert PRO diffractometer (Cu Ko radiation,
Bragg-Brentano geometry, measured angle interval 26 = 10-90°, step scan mode, step size
in 20 = 0.03°, 30 s per step). Because of severe absorption effects caused by the high Pd
content in the sample, the XRD patterns generally suffered from weak peak intensities and
high backgrounds. Therefore, further analysis of the Smy,PdssInss sample was carried out
using synchrotron radiation. Powder XRD patterns were collected at the Canadian Light
Source (Saskatoon, Canada) on the Canadian Macromolecular Crystallography Facility
08B1-1 beamline, 28 which is equipped with a Si(111) double-crystal monochromator and
a two-dimensional Rayonix MX300HE detector with an active area of 300 x 300 mm?. The
data were collected with a wavelength of A = 0.6887 A and a sample distance of 150 mm.
Phase analysis and Rietveld refinements were carried out using the FullProf program
package [11].
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3. Results and discussion

At first, the annealed Smy,PdysInss sample was examined in detail by metallographic
analysis. Scanning electron microscopy revealed two phases with detected compositions
Smyg7Pdsg Iz (Major dark phase) and Sma, 1Pdss 41ns, 5 (Minor light phase) in the alloy.
The scanning electron micrograph is presented in Fig. 1.

The phase analysis of the annealed sample confirmed the presence of two phases
(Fig. 2): SmPdsln, (the CePdsln,-type structure, space group Pnma) and SmPdIn (the
ZrNiAl-type structure, space group P-62m). Therefore, the dark phase in the micrograph
(Fig. 1) corresponds to the SmPdsln, compound, and the light phase is the SmPdIn
compound.

i
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Fig. 1. Scanning electron micrograph of the SmyyPdsInss sample (annealed at 870 K for 2 months):
Two phases are present in the sample: Smyg;Pd g 3In330 (the SmPd;In, compound, dark phase)
and Sma, 1Pd3s 4In35 5 (the SmPdIn compound, light phase)
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Fig. 2. Rietveld refinement (line) of the synchrotron powder XRD pattern (dots)
and the difference curve (bottom line) for the Smy,Pd4sInss sample. The vertical bars indicate the
positions of the Bragg reflections for the SmPdIn (upper row) and SmPdslIn; (lower row) compounds
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The experimental details of the structural refinements on powder synchrotron XRD
data obtained from the annealed Sm,oPdsslnss sample are presented in Table 1. The
respective diffraction pattern is shown in Fig. 2. The refined atomic coordinates and the
displacement parameters for the SmPdsln, and SmPdIn compounds are listed in Table 2. It
was found that the Sm,oPd,sInss sample contains 78(1) wt. % of the SmPd;ln, phase and
22(1) wt. % of the SmPdIn phase.

Table 1
Experimental details and crystallographic data for SmPd3In, and SmPdIn
(in the SmyyPdysInss sample)
Compound SmPdsln, SmPdIn
Structure type CePdsln, ZrNiAl
Space group, No Pnma, 62 P-62m, 189
z 4 3
Pearson’s symbol oP24 hP9
Fraction in the sample [wt. %] 78.1(8) 22.0(4)
Lattice parameters:
a, A 10.2859(13) 7.6596(10)
b, A 4.5865(4)
c, A 9.7474(12) 3.9366(6)
Vv, A 459.85(12) 200.01(5)
Calculated density [g/cm?] 10.100 9.256
Diffractometer, radiation synchrotron, A = 0.6887 A
26 range [deg] 2.00-38.99
Step size in 26 [deg] 0.01
Rp, Rups 2 7.17,9.70,5.71
Reraga Re 3.74, 2.56 | 5.05,2.91
Table 2

Atomic coordinates and isotropic displacement parameters for SmPdslIn, (structure type CePdsln,,
space group Pnma) and SmPdIn (structure type ZrNiAl, space group P-62m)

Wyckoff 2
Atom position X y z Bio, A
SmPdslin,
Sm 4c¢ 0.229(1) 1/4 0.050(1) 0.9(2)
Pd1 4c¢ 0.126(1) 1/4 0.354(2) 0.8(4)
Pd2 4c¢ 0.242(2) 1/4 0.754(1) 1.3(4)
Pd3 4c¢ 0.474(1) 1/4 0.603(2) 1.2(4)
Inl 4c¢ 0.015(1) 1/4 0.615(1) 0.7(3)
In2 4c 0.398(1) 1/4 0.334(1) 1.0(3)
SmPdIn
Sm 3f 0.588(1) 0 0 1.1(3)
Pd1 la 0 0 0 1.0(6)
Pd2 2d 1/3 2/3 1/2 2.0(9)
In 3g 0.254(2) 0 1/2 0.7(4)
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Fig. 3. Projection of the unit cell of SmPd3ln, onto the XZ plane
and coordination polyhedra of the atoms

All atomic sites in the SmPdsln, and SmPdIn structures are fully occupied by one
type of atom, i.e., no traces of atomic mixtures or deficiencies were detected. A projection
of the unit cell onto the XZ plane and the coordination polyhedra of the atoms of SmPdsIn,
are shown in Fig. 3. Interatomic distances compared to the sum of the respective atomic
radii [12] and the coordination numbers of atoms in the SmPd3ln, compound are provided
in Table 3. Samarium, indium, and palladium atoms have coordination polyhedra in the
form of pentagonal, tetragonal, and trigonal prisms with additional atoms, respectively.

So far, only structure type and cell parameters have been published for the SmPdIn
compound [13], while its physical properties have been studied in detail [14]. Therefore,
the refined atomic coordinates of SmPdIn are reported for the first time.

4. Conclusion

The investigated compound, evidently, completes the REPd3ln, series because the
concerned REqg7Pdsolnss 3 composition with the heavy rare earths Th, Ho, and Yb [6, 7]
corresponds to the solid solution RE,PdIn,, based on the PdIn binary compound. The
refined lattice parameters of the SmPd3lIn, compound are the smallest in the REPdsln, series
and agree well with the results of Ref. [10].

As shown in Fig. 1 of Ref. [8], rare earth atoms are located in the pentagonal
channels along the [010] direction in the REPd3In, structure.

The REPdsIn, compounds belong to the second group of RE-T—-In compounds (T stands
for transition metal), according to the review article [15]. These are usually two-layered
structures along the shortest cell parameter (~4.5 A) with average values of the
coordination numbers of atoms. Along the Y axis, their structure contains chains of
octahedral voids [E Sm,Pd,In,], which connect each other with faces and extend along the
[010] direction (Fig. 4). Since these chains contain rare earth atoms, the transition from Sm
to La will change their geometry at first and most noticeably along the Y axis.
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Therefore, this material can be used to store small atoms (molecules), such as
hydrogen. Similar chains of empty octahedra [E NiyIn,] are reported for LaNislng-type
compounds [16], while isolated octahedra [E REg] were found for RExsNi;In, [17].

-

z

Fig. 4. Empty octahedra [E Sm,Pd,In;] in the SmPdsln, structure
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3paszok st jpociimkeHHs SMmPdsln, cHHTE30BaHO eNeKTPOAYrOBHM IUIABJICHHSM [IHXTH
METaliB YHUCTOTO0 He MeHmie 99,8 mac. % OCHOBHOrO KommoHeHTa i Bimmaneno mpu 870K y
BaKyyMOBaHil KBapIOBii amIyii ynpoJoBX JBOX MicswiB. [lyis 3amoGiranHst BTpataMm camapilo Ta
IHIiI0 HOYAaTKOBHIA CKJIAJ] 3pa3Ka CTAaHOBHUB SmyoPd,5IN3s, 3aMicTh Smyg 7PdspINgs 3.

MacuBu nudpakmiiHUX JaHUX OTPUMAHO 3 BHKOpUCTaHHAM mudpaxromerpa PANalytical
X'Pert PRO (Cu K,-BunpomintoBannsi). Uepe3 cuIbHE MOTJIMHAHHSI, CIPHIMHEHE BUCOKHM BMiCTOM
Pd y 3pasky, peHTreHOrpamMy Manu ciadKi MiKA iHTEHCUBHOCTEH Ta BHCOKHHA (oH. ToMy 1Mo mambimii
aHami3 3paska SmyoPd5lN3s MPOBOAMIM 3 BUKOPHUCTAHHSIM CHHXPOTPOHHOTO BHIPOMIHIOBaHHS 3a
nopxunnM  xBuni A =0,6887 A (Canadian Macromolecular Crystallography Facility 08B1-1
beamline 28). ®a3oBuii aHami3 Ta YTOYHEHHs CTPYKTYpH METOAOM PiTBenbia mpoBogwin 3a
JIOTTIOMOT 010 Tiporpamuoro nakera FullProf.

Crpykrypa crnoiaykun SmPdsln, nanexwuts mo tumy CePdsln,, mpocropoBa rpyma Pnma,
a=10,2859(13), b=4,5865(4), c=9,7474(12) A, Z=4, R¢=2,56 %, Rpgy=3,74 %. Taxox
YTOYHEHO KpHUCTANiYHy CTpykTypy cnonykd SmPdIn (tunm ZrNiAl, mpocropoBa rpyma P-62m,
a=7.6596(10), ¢ =3.9366(6) A, Z=3, Ry=2,91 %, Rgagg = 5,05 %), sixa nepeGysae y pisHOBasi 3
SmPd;lIn,. ¥V cmoiykax SmPdsln, i SmPdIn yci coptit aToMiB yHopsAKOBaHO 3aiiMarOTh BiIMOBiAHI
IPaBUIIbHI CHCTEMH TOUOK, TOOTO MM HE BUSBHIIM CyMillIeil aTOMiB a00 1eeKTHOCTI CTPYKTYP.

VrtouHeHi mapamerpu koMipku SmPdsIn, e naiimenmmmu B psini REPdsIn,, ne RE = La, Ce,
Pr, Nd i Sm. CtpykTypa € JBOIIApOBOIO Y HANMPSIMKY HAHKOPOTIIOro mapaMerpa KOMipKH i MICTHTh
JAHIFOKKH OKTaeApuuHuX mycToT [E Sm,Pd,In,], ButarayTi B3n0B:x Hanpsamky [010].

Kniouoei cnosa: camapiil, manamiid, iHIIH, IHTEpMETai TN, KPHCTAIIYHA CTPYKTYpa.
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