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Abstract: Ternary intermetallic compound Sm2Ru3Sn5was
synthesized in the system Sm-Ru-Sn by arc-melting and
annealing at 600 °C in the field with high content of Sn. Its
crystal structure was determined using single crystal X-ray
diffraction data (at 240 K). The compound crystallizes in
cubic system with space group I43m (No. 217), unit cell
parameter is a = 9.4606 (8) Å, Z = 4, Pearson symbol c/40.
The intermetallic compound Sm2Ru3Sn5 represents an or-
dered version of the centrosymmetric Ru3Sn7 structure
(space group Im3m), in which 16f Sn-filled crystallographic
site is split into two 8c sites, each of which is solely occu-
pied of one sort of atoms – Sn or Sm. The occupation of
these two 8c sites leads to a reduction of symmetry due to
the removal of the inversion center.

Keywords: arc-melting; stannide; crystal chemistry;
scanning electron microscopy; intermetallics; X-ray
diffraction.

1 Introduction

Ternary intermetallic compounds of composition RE2T3X5

(RE – rare earth metals, T – transition element, X – Si, Ge,
Ga, In, Sn) are being intensively studied due to their un-
usual magnetic and electrical properties, namely, super-
conductivity (Lu2Fe3Si5 Tc = 6 K [1], Pr2Pt3Ge5 Tc = 8 K [2],
Tm2Fe3Si5 Tc = 1.7 K [3], Lu2Ir3Si5 Tc = 3.5 K [4]), mixed-
valence state (Ce2Ni3Si5 [5], Eu2Pt3Si5 [6], CaYbPt3Sn5 [7],
Ce2Rh3Si5 [8], Ce2Ir3Si5 [9]), heavy fermion behaviour
(Pr2Rh3Ge5 [10], Yb2Fe3Si5 [11]), unusually large magne-
toresistance (Pr2Pd3Ge5 [10]), antiferromagnetically

ordered dense Kondo systems (Ce2Rh3Ge5, Ce2Ir3Ge5 [12]),
ferromagnetic ordering behaviour (Pu2Pt3Si5 [13]) and
others.

RE2T3X5 intermetallics exhibit a wide diversity of
crystal structures. They crystallize in the six structural
types: (1) U2Mn3Si5 (P4/mnc) a = 10.57 Å, c = 5.435 Å [14]; (2)
U2Co3Si5 (Ibam) a = 9.59 Å, b = 11.13 Å, c = 5.617 Å [15]; (3)
Lu2Co3Si5 (C2/c) a = 10.640 Å, b = 11.358 Å, c = 5.432 Å,
β = 118.37° [16]; (4) Y2Rh3Sn5 (Cmc21) a = 4.387 Å, b =
26.212 Å, c = 7.1550 Å [17]; (5) Yb2Pt3Sn5 (Pnma) a = 7.295 Å,
b = 4.422 Å, c = 26.252 Å [7, 18]; (6) Ce2Au3In5 (Pmn21)
a = 4.6527 Å, b = 53.483 Å, c = 7.405 Å [19, 20]. The distri-
bution of ternary compounds of RE2T3X5 by structural types
was considered by D. Bugaris et al. in [21]. According to this
paper,more thanhalf of the RE2T3X5 compounds are of type
U2Co3Si5, while structural type U2Mn3Si5 includes a quarter
of compounds of this composition. The third structural
type, Lu2Co3Si5, which is a distortion variant of U2Co3Si5
type, includes about 20 compounds. The remaining three
structural types include a few (13) compounds with a
relatively large X component – In, Sn, or Bi. The crystal
chemical relationship of the structural types Y2Rh3Sn5,
Yb2Pt3Sn5, and Ce2Au3In5 is discussed in detail by Y. Gal-
adzhun et al. in Ref. [19]. According to [19], all three
structure types have the common supergroup Cmcm, and
the differences between these types result from different
ordering of the transition metal and tin or indium atoms
within the polyanionic network.

In the process of studying the Sm-Ru-Sn system, we
discovered a compound of the Sm2Ru3Sn5 composition
with a new type of crystal structure. Previously, only two
ternary compounds were found in this system: SmRuSn3,
which demonstrates the antiferromagnetic ordering at
TN = 6 K and the valence fluctuation of Sm atoms [22–24]
and SmRu4Sn6 [25], which exhibits the antiferromagnetic
ordering at TN = 8.3 K [26]. Unlike Sm-Ru-Sn system,
stannides with rhodium RE2Rh3Sn5 and a set of rare earths,
including samarium (RE = Y, Ce-Nd, Sm, Gd-Tm), have
been studied in more detail [17, 27, 28]. Their structures
belong to the structural type Y2Rh3Sn5 (Cmc21). Sm2Rh3Sn5
demonstrates antiferromagnetic ordering at TN = 3.5 K [27].
In the crystal structure of Ce2Rh3Sn5, Ce ions occupy two
different lattice positions, which leads to two antiferro-
magnetic ordering (TN1 = 2.9 K, TN2 = 2.4 K). Moreover, the
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compound demonstrate the coexistence of magnetic order
and valencefluctuations of Ce ions in theKondo lattice [28].
Tm2Rh3Sn5 is a superconductor below 1.8 K [29].

In this paper, we present the information about the
synthesis, crystal structure and its features for the novel
ternary stannide of samarium and ruthenium – Sm2Ru3Sn5.

2 Experimental section

2.1 Synthetic procedures

The sample Sm20Ru30Sn50 (at.%) was synthesized by arc-melting from
the pure elements Sm (99.9 mass% Sm), Ru (99.99 mass% Ru), Sn
(99.999 mass% Sn) in a purified argon atmosphere. To reach the ho-
mogeneity the fused mass was re-melted several times. The alloy was
annealed at 600 °C for 30 days after melting. The annealing temper-
ature was selected on the basis of the analysis of the phase diagram of
binary systems Sm-Ru [30, 31], Ru-Sn [32] and Sm-Sn [33]. The total
mass lost wasn’t higher than 1% of weight.

2.2 X-ray single crystal diffraction (XRSCD)

The suitable single crystal for X-ray structure analysiswas found at the
surface of the annealed alloy Sm20Ru30Sn50 (at.%). X-ray single crystal
diffraction experiment was performed using Bruker APEX3 diffrac-
tometer employed monochromated MoKα radiation (λ = 0.71073 Å) at
240 K. All obtained intensities were collected and derived using the
program Bruker SAINT [34]. Absorption correction was performed with
the SADABS program [35]. The structure was solved by direct methods
and refined with the SHELX-2018 program package [36].

2.3 X-ray powder diffraction (XRD)

X-ray powder diffraction data were collected using of STOE STADI P
transmission diffractometer (monochromated CuKα1 – radiation
(λ= 1.54056Å), 10° < 2θ < 89.99°, linear position-sensitive detector, step

scan 0.01° and counting time 10 s/point). Indexing the XRD pattern
and lattice parameters determination were done using TREOR program
included in the STOE WINXPOW package [37]. Quantitative refinement of
the powder X-ray pattern by Rietveld method was performed with the
FULLPROF program [38, 39], employing internal tables for X-ray atomic
form factors. Structure and atom polyhedra were visualized using the
DIAMOND program [40].

2.4 Scanning electron microscopy (SEM) and energy
dispersive X-ray spectroscopy (EDX analysis)

Microstructure and chemical composition of the prepared alloy was
established by scanning electronmicroscopy and by energy dispersive
X-ray spectroscopy using Carl Zeiss LEO EVO 50VXP microscope
equipped with an INCA Energy 450 EDX-spectrometer (Oxford In-
struments). Accelerating voltage was 20 kV. The measurement error
did not exceed 1 at.%.

3 Results and discussion

3.1 Sample characterization

EDX analysis revealed the overall chemical composition of
thepreparedas cast alloy to be close toSm20Ru30Sn50 (at.%).
The sample contained three phases: new main phase
Sm2Ru3Sn5 with the measured composition Sm19Ru30Sn51
(at.%), Ru (Ru99 (at.%)), and SmRuSn3 (Sm19Ru20Sn61
(at.%)) [23]. The microstructure of the as cast sample is
presented in Figure 1a. After the heat treatment of the ingot,
no other phases were detected by EDX analysis besides
Sm2Ru3Sn5 and Ru. The content of the SmRuSn3 phase was
so small that it was missing on the microstructure of the
sample (Figure 1b). However, according to results of XRD
analysis the presence of three phases, Ru, Sm2Ru3Sn5 and
SmRuSn3, in annealed ingot was proven.

Figure 1: Microstructure of the as cast (a) and annealed (b) Sm20Ru30Sn50 (at.%) ingot, obtained on a scanning electron microscope. Marked
are the measured points.
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3.2 Crystal structure description

According to XRD powder data, the new compound crys-
tallizes in the cubic system and the unit cell parameter
a= 9.4540(1) Å F30 = 64.1 (TREOR [37]). This parameter and the
distribution of diffraction intensities indicate a close
resemblance with the well-known binary compound Ru3Sn7
(space group Im3m) [41, 42]. The determinationof the crystal
structure of Sm2Ru3Sn5 was carried out on a single crystal
selected from the surface of a destroyed annealed sample.
The structure model of the new Sm2Ru3Sn5, obtained by
direct methods and refined using the SHELX program, has

non-centrosymmetric space group I43m. The absence of
inversion center in the structure of Sm2Ru3Sn5 was ensured
with use of PLATON program [43]. Refinement of the occu-
pancy of the crystallographic sites for all atoms indicated no
deviation from the ideal composition. To confirm the
structural model obtained from the XRSCD data and to
determine the content of impurity phases in the annealed
ingot, the Rietveld refinement of powder patternwas carried
out. The ordered distribution of Sm and Sn atoms in the

structurewith non-centrosymmetric space group I43m leads
to the best result (Figure 2). In the calculations, apart from
the major cubic phase of Sm2Ru3Sn5 (80 wt%), the contri-
butions due to Ru (15 wt%) and SmRuSn3 (5 wt%) impurity
phases were taken into account. The refined experimental
and theoretical patterns have good match of reflections
(Figure 2 and Table 1). The final Rietveld refinement resulted

inRF = 0.013,RB = 0.017, χ2 = 1.47. Themain crystallographic
details of the data collection and evaluation are presented in
Table 1. Atomic coordinates and displacement parameters
are summarized in Table 2, while the interatomic distances
are given in Table 3. Further details of the crystal structure
investigation may be obtained from CCDC/FIZ Karlsruhe,
76344 Eggenstein-Leopoldshafen, Germany (Fax: +49-7247-
808-666;E-mail: crysdata@fiz-karlsruhe.de), onquoting the
deposition number CSD-1942140.

Intermetallic compound Sm2Ru3Sn5 crystallizes in the

cubic unit cell, space group I43m, lattice parameter
a = 9.4606(8) Å (single crystal data). In the unit cell of
Sm2Ru3Sn5, atoms are located in four non-equivalent po-
sitions: Sm (8c), Ru (12e), Sn1 (12d), Sn2 (8c). Figure 3
demonstrates the projection of the unit cell of Sm2Ru3Sn5
along the direction [001].

A samarium atom is surrounded by 13 atoms at a dis-
tance up to 3.45 Å (3Ru + 4Sn2 + 6Sn1) forming distorted
hexagonal prism with one additional atom (coordination
number (CN), CN= 13, Figure 3a). Six tin atoms (2Sn2+ 4Sn1)
and additional two samarium and one ruthenium atoms
(2Sm + Ru) form a three-cap trigonal prism around ruthe-
nium atom at a distance up to 3.03 Å (CN = 9, Figure 3b). Sn1
atom occupies the center of a strongly distorted cubocta-
hedron (4Sm+ 4Ru + 4Sn1) formed by atoms at a distance of
up to 3.45 Å (CN = 12, Figure 3c). The bases of the cubocta-
hedron are strongly elongated rhombuses [2Ru+ 2Sn1] lying
in parallel planes and rotated 90° relative to each other
(Figure 3d). For greater clarity, this polyhedron is shown
twice in Figure 3(c and d). Sn2 atom is located inside a
10-vertexes polyhedron (4Sm + 3Ru + 3Sn2) (CN = 10,
Figure 3e). Interatomic distances of Sn2 with atoms forming
the coordination polyhedron do not exceed 3.21 Å.

The cubic structure of Sm2Ru3Sn5 could be presented
as a derivative from the structure of known binary com-
pound of Ru3Sn7 [41, 42], which crystallizes with the cubic

centrosymmetric space group Im3m, unit cell parameter
a = 9.3735 Å [42], own type of structure [41]. In the litera-
ture, this type of structure is also referred to as a Ir3Ge7 type
[44]. In the unit cell of Ru3Sn7, atoms are distributed over
three non-equivalent positions: Ru (12e), Sn1 (12d), and Sn2
(16 f). In the Sm2Ru3Sn5 structure, there is a loss of the
inversion center and splitting of the 16 f position into two 8c
positions, one of which contains samarium atoms, and the
other contains tin atoms. Beside Ru3Sn7, the unit cell of
Sm2Ru3Sn5 structure is similar to the body centered cubic
unit cell of the ternary Nb3Sb2Te5. Its structure, established
before in [45], was assigned to the Ir3Ge7 structural type, a

cubic system, space group Im3m with mixed Sb/Te posi-
tions. Authors of [45] noted the statistical distribution of Sb

Figure 2: Experimental powder diffraction pattern (red circles),
calculated diffraction pattern (black solid line), and the difference
curve (bottom blue line) for an ingot Sm20Ru30Sn50 (at.%) analyzed
in terms of Rietveld refinement. The content of three phases:
I – Sm2Ru3Sn5 (80 wt%), II – Ru (15 wt%), III – SmRuSn3 (5 wt%).
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atoms into two sites 12d and 16 f. Then, its structure was
solved by a single crystal experiment and reported in [46].
It was proved that Nb3Sb2Te5 crystallizes in a cubic cell
with a = 9.8180 Å and belongs to the structure type derived
from Ir3Ge7. The refinement of the structure in a non-

centrosymmetric space group I43m, where former position
16 f is split into two 8c sites, demonstrates an ordered
variant of the structure in which the Sb and Te atoms are
placed in 8c positions each. Since the Sb and Te atoms are

close in size (1.59 Å and 1.60 Å respectively [47]), their
atomic positions (x (Te2) = 0.166, x (Sb2) = 0.837) almost do
not differ from the position in the centrosymmetric version
of the structure (x (Te/Sb) = 0.165), and as a result, their
nearest coordination environments are the same and
similar to those in the prototype structure. Similar to
Nb3Sb2Te5, in the non-centrosymmetric crystal structure of
novel Sm2Ru3Sn5 three sorts of atoms are orderly distrib-

uted among the same four crystallographic sites of I43m

Table : Crystallographic data and structure refinement parameters for SmRuSn from the single crystal and powder X-ray
diffraction intensities.

XRD data Single crystal Powder

Composition, EDX, at.% SmRuSn
Formula SmRuSn
Molar mass (g/mol) .
Space group Im (No. )
Formula units, Z 

Crystal system, Pearson symbol Cubic, cI
T (K) () ()
Crystal size, mm . × . × .
a, (Å) a = .() a = .()
V, (Å) V = .() V = .()
Calculated density (g/cm) . .
Radiation, λ (Å) MoKα; . CuKα; .
Absorption coefficient (mm−) .
F () 

θ range (min, max, °) ., . ., ., step .
Range in h, k, l −–, −–, −–
Number of total reflections  

Number of independent reflections (Rint)  (.)
Number of reflections with I > σ(I) (Rσ)  (.)
Number of refined parameters  *
Goodness-of-fit on F .
Final R [I > σ(I)]/all data ./.
wR/all data ./.
Largest diff. peak/hole, e/Å−

./−.
Absolute structure parameter −.()
RP = Σ|yoi − yci|/Σ|yoi| – .
RwP = [Σwi|yoi − yci|/Σwi|yoi|]/ – .
RF = Σ|Foi− Fci|/ΣFoi – .
RB = Σ|Io,h − Ic,h|/Σ|Io,h| – .
χ = (RwP/Re)

 – .

*Refined parameters include  structural and  profile parameters.

Table: Atomic coordinates, equivalent isotropic displacement parameters (Å×), and anisotropic displacement parameters (Å×) for
SmRuSn (single crystal XRD).

Atom Wyckoff position x/a y/b z/c Ueq U U U U U U

Sm c .() x x () () () () −() −() −()
Sn d /  / () () () ()   

Sn c .() x x () () () () () () ()
Ru e / .() / () () () ()  () 
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group (12d, 12e and two 8c). An important difference
between these structures is that in Sm2Ru3Sn5, the 8c
positions are filled with atoms of very different sizes (Sn
and Sm), while in Nb3Sb2Te5, they are almost identical
(Sb and Te). This feature leads to noticeable changes in the
nearest environment of atoms.

The transformations between theRu3Sn7,Nb3Sb2Te5, and
Sm2Ru3Sn5 structures are presented in Figure 4 within the
concept of group-subgroup relations in the Bärnighausen
formalism [48, 49]. From the diagram in Figure 4, it can be
seen that the difference in the coordinates of the Te and Sb
atoms in the Nb3Sb2Te5 structure is insignificant, and on the
contrary, in the Sm2Ru3Sn5 structure it is pronounced.

All these structures can be represented as a collection
of infinite chains, which consist of empty convex eight-

vertex polyhedra in a form of distorted tetragonal prism
and pair of interconnected distorted tetragonal antiprisms
with ruthenium (or niobium) atom inside (Figure 5a–c). In
case of Ru3Sn7 and Nb3Sb2Te5, empty tetragonal prisms are
practically cubes of [Sn8] (Figure 5a) and of [Sb4Te4]
(Figure 5b), in case Sm2Ru3Sn5, empty eight-vertex poly-
hedra are transformed into strongly distorted tetragonal
prismswith corrugated rhombus-like bases (Figure 5c). The
atoms forming the bases do not lie in the same plane, the
maximum deviation of the atoms from each other is
0.804 Å (Figure 5c). The adjacent parallel chains are con-
nected to each other by atoms (Sn-Sn, Sb-Te, Sm-Sn
respectively) at distances, which slightly exceed the sumof
the covalent radii of the atoms forming them. In the

Table : Selected interatomic distances (Å) in the SmRuSn
structure (single crystal data).

Atom  Atom  Distance

Sm Sn .()
 Ru .()
 Sn .()
 Sn .()

Sn  Ru .()
 Sn .()
 Sm .()

Sn  Ru .()
Sm .()
 Sn .()
 Sm .()

Ru  Sn .()
 Sn .()
Ru .()
 Sm .()

Figure 3: Projection of the unit cell of Sm2Ru3Sn5 on the ab-plane with the coordination polyhedra as they are in the cell (left part). For better
clarity the coordinationpolyhedra of the atomsare also presented in the other orientation: Sm (a), Ru (b), Sn1 (twice, c andd), andSn2 (e) (right
part).

Figure 4: The transformation between structures Ru3Sn7,
Nb3Sb2Te5, and Sm2Ru3Sn5 within the group-subgroup relations.
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Sm2Ru3Sn5 structure, the two 8c positions are occupied by
Sm and Sn atoms, which differ significantly in size (1.80 Å
(Sm), 1.40 Å (Sn) [47]) and electronic structure, which leads
to the formation of an environment around these atoms
that differs from the environment of the corresponding
atoms in Ru3Sn7 and Nb3Sb2Te5.

The changes of the coordination polyhedra in Ru3Sn7,
Nb3Sb2Te5, and Sm2Ru3Sn5 structures can be traced in
Figures 5 and 6. The nearest environment of Ru (12e) atom
in the Ru3Sn7 andNb (12e) atom in the Nb3Sb2Te5 structures
is similar. In the both structures, atoms in 12e position have
coordination number 9 (CN = 9) formed a tetragonal anti-
prism with one additional atom. In the Ru3Sn7, eight tin
and one ruthenium atoms [Ru + 8Sn] are the vertices of Ru-
polyhedron (Figures 5a, 6a). The opposite bases of the
antiprism are parallel to each other. The interatomic dis-
tances between the central atom and the vertices in the Ru-
polyhedron in the Ru3Sn7 structure take two values that are
close to each other: 2.75 and 2.76 Å, while Ru-Ru distance is
little bigger 2.90 Å. Analogously in the Nb3Sb2Te5, Nb atom
is surrounded by six tellurium atoms, two antimony atoms
and one niobiumatom (as a cap) (Nb+ 6Te+ 2Sb) forming a
one-cap tetragonal antiprism (Figure 5b). The distances
between the central atom and vertices Nb-Sb (2.87 Å) Nb-Te
(2.89 Å, 2.90 Å) in the polyhedron are almost identical.

Other coordination polyhedra in the Nb3Sb2Te5 struc-
ture are also similar to these in the Ru3Sn7 structure. On the
contrary, in the structure of Sm2Ru3Sn5, due to the intro-
duction of the larger Sm atoms, the immediate environ-
ment of the atoms undergoes changes. The ruthenium
polyhedron is transformed from a tetragonal one-cap

antiprism to a trigonal three-cap prism. Figure 6a shows
how one of the square bases of the Ru-antiprism in the
Ru3Sn7 structure turns into an elongated rhombus with a
break in the Sm2Ru3Sn5 structure. In this situation, the
polyhedron is more correctly described as a trigonal three-
cap prism, where the caps are two samarium atoms and
one ruthenium atom (Figure 6b).

The most significant changes are observed in the im-
mediate environment of the Sn2 (8c) and Sn1 (12d) atoms in
the Sm2Ru3Sn5 structure compared to the environment of
the Sn2 (16 f) and Sn1 (12d) atoms in Ru3Sn7. In the Ru3Sn7
and Sm2Ru3Sn5 structures, the coordination environment
of Sn1 (12d) atom in the form of a tetragonal antiprism
[4Ru4Sn] is similar only within distances up to 3.350 Å Аn
additional eight atoms Sn2 (16 f) at а distances up to 3.62 Å
in the Ru3Sn7 complete the coordination polyhedron
around Sn1 (12d) (CN = 16) (Figure 6c). In the Sm2Ru3Sn5,
the four samarium atoms approach the central of Sn1 (12d)
atom at distances of 3.44 Å, and four Sn2 (8c) atoms from
the former Sn2 (16 f) site are removed at distances greater
than 4 Å, and are not included in the coordination poly-
hedron of the Sn1 (12d) atom (Figure 6d). Interatomic dis-
tances in Ru3Sn7 between Sn1 (12d) and nearest
neighbouring atoms in the polyhedron are Sn1-Sn2 3.62 Å,
Sn1-Sn1 3.31 Å, Sn1-Ru 2.76 Å [42] (Figure 6c).

Coordinationpolyhedronof tin atomSn2 (16 f) inRu3Sn7
compound is similar to those of Sm (8c) in Sm2Ru3Sn5. It can
be considered as a distorted hexagonal prism with one
additional atom (3Ru + 4Sn1 + 6Sn2), CN = 13. The inter-
atomic distances in the polyhedron range from 2.75 Å to
3.62Å (Figures 3aand6e).On the contrary, in the Sm2Ru3Sn5

Figure 5: Two interconnected chains consisting of empty convex eight-vertex polyhedra [Sn8] and pair of 2Ru[Sn12] interconnected antiprisms
in Ru3Sn7 (a), two interconnected chains consisting of empty convex eight-vertex polyhedra [Sb4Te4] and pair of 2Nb[Sb4Te8] interconnected
antiprisms in Nb3Sb2Te5 (b); two interconnected chains consisting of empty convex eight-vertex polyhedra [Sm4Sn4] and pair of 2Ru[Sm4Sn8]
interconnected distorted antiprisms in Sm2Ru3Sn5 (c). Pair of Ru (or Nb) antiprisms are outlined with a dashed lines.
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Figure 6: Left column: coordination polyhedra around Ru, Sn1, and Sn2 atoms in binary Ru3Sn7 structure, constructed according to the data
[41, 42] (for Sn2 atom the atomic environment is expanded up to 4.27 Å). The arrows indicate those neighboring Sn2 atoms which are being
replaced by Sm atoms in the corresponding polyhedra in Sm2Ru3Sn5 structure. Right column: coordination polyhedra around Ru, Sn1 and Sn2
atoms in the newSm2Ru3Sn5 compound. In the right column, the small green balls are tin atoms squeezed out of the first coordination spheres
in the Sm2Ru3Sn5 structure.
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structure, another coordination environment is formed
around Sn2 (8c) atom, and is not similar to the coordination
polyhedron of the Sn2 (16 f) atom of the Ru3Sn7 binary
intermetallic (Figures 3e and 6f). Under incorporation of
samarium into the structure, coordination polyhedron at 8c
site for Sm atoms in Sm2Ru3Sn5 is a distorted hexagonal
prism with one additional atom, and for Sn2 at 8c site is a
10-vertexes polyhedron (Figure 6f). Six Sn1 atoms are
removed from the Sn2 (8c) environment at a distance of
more than 4 Å, and three Sn2 atoms approach at a distance
of 3.10 Å, while in the Ru3Sn7 structure they were 4.27 Å
away from the central atom. Significant changes in the
interatomic distances in the Sm2Ru3Sn5 structure around the
Sm and Sn2 atoms in the 8c positions become especially
noticeable when compared with the corresponding dis-
tances around Sn2 (16 f) in the Ru3Sn7 structure. It can be
assumed that this is caused not only by the difference in the
sizes of atoms Sm and Sn (1.80 and 1.40 Å [47]), but also by
the different numbers of valence electrons.

In the studied structures, it is interesting to consider flat
hexagonal atomic networks located in the mirror reflection
plane (m) of the unit cell, because in ternary compounds
Nb3Sb2Te5 and Sm2Ru3Sn5, all the atoms that replace the tin
atoms in the prototypeRu3Sn7 are in this plane. The changes
made to the structure are clearly traced in the corresponding
flat grid (Figure 7). As can be seen from Figure 7, Ru and Sn
(16 f) atoms in Ru3Sn7 (Figure 7a), Nb, Sb (8c), and Te (8c)
atoms in Nb3Sb2Te5 (Figure 7b), as well as Ru, Sm (8c), and
Sn (8c) atoms in Sm2Ru3Sn5 (Figure 7c) form two types of
conjugated hexagonal cells with para- and ortho-positions
of Ru (Nb) atoms in them. The hexagonal networks in the
Ru3Sn7 and Nb3Sb2Te5 structures (Figure 7a and b) are
practically undistorted, despite the absence of a center of
symmetry and the appearance of a third type of atoms in the
telluride compound. The absence of significant distortion of

the networks in Nb3Sb2Te5 is due to the close size of the
atoms in the 8cpositions.On the contrary, in the networks of
the Sm2Ru3Sn5 structure, a significant deviation from hex-
agonality is observed due to the introduction of larger
samarium atoms (Figure 7c) instead of tin atoms. Replacing
some of the tin atoms in the prototype with larger samarium
atoms does not violate the flatness of the grids, while all the
interatomic distances and angles in them change. In addi-
tion, the substitution with larger samarium atoms enforces
an expansion of the unit cell compared to the prototype cell.

All distances from samarium to the nearest atoms are
greater than to the corresponding atoms in Ru3Sn7. At the
same time, the Ru-Ru and Ru-Sn distances in networks of
the Sm2Ru3Sn5 structure are slightly reduced. The Sm-Ru
interatomic distances in the Sm2Ru3Sn5 structure increase
by more than 0.28 Å and are 3.03 Å compared to the cor-
responding Sn2-Ru values of 2.75 Å in the Ru3Sn7 structure
(Table 3). Interatomic distance Sm-Sn2 is equal to 3.00 Å
and corresponding distance Sn2-Sn2 in the Ru3Sn7 is 2.89
Å. In addition, in the binary compound Ru3Sn7, the inter-
atomic distance for the Ru-Ru pair is 2.90 Å. In the non-
centrosymmetric structure of Sm2Ru3Sn5, the Ru–Ru dis-
tance in the ruthenium coordination polyhedron shortens
and equal to 2.84 Å (Table 3).

Formally the structure of Sm2Ru3Sn5 could be attrib-
uted to the structural type Nb3Sb2Te5 on the basis of the
similarity of the space group, the occupation of atomic
positions and the proximity of the parameters of the unit
cell. However, an analysis of the interatomic distances and
the nearest environment of the atoms in each structure
shows that the Sm2Ru3Sn5 structure exhibits structural
features that are differ from the centrosymmetric double
Ru3Sn7 (Ir3Ge7) and from the non-centrosymmetric ternary
Nb3Sb2Te5 compound due to the different sizes of the atoms
that make up the compound.

Figure 7: Hexagonal atomic networks in Ru3Sn7 (a); in Nb3Sb2Te5 (b), in Sm2Ru3Sn5 (c).
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4 Conclusions

New samarium intermetallic compound Sm2Ru3Sn5 crys-
tallizes in a structure of the Nb3Sb2Te5 type with cubic unit
cell. The structure can be represented as related to the bi-
nary intermetallic structure of Ru3Sn7 with a loss of inver-
sion center and an ordered distribution of Sm and Sn atoms
in the two independent crystallographic positions.
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