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Sm,0,I — A New Mixed-Valence Samarium(ILIII) Oxide Halide
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Abstract. Dark red single crystals of Sm,O,I were obtained from a
reaction of Sml, (in the presence of SmOI) and Na in a sealed
tantalum ampoule at 650 °C. The title compound crystallizes in the
monoclinic system (C2/m, Z = 4, a = 12.639(2), b = 4.100(1), ¢ =
9.762(3) A, f = 117.97(2)°). The structure consists of corrugated

[Sm?>*Sm3T(0?>7),]" layers of edge and vertex-connected Sm,O
tetrahedral units with I~ anions separating the layers.
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Introduction

Although there has been great progress in the preparation
of reduced halide phases of the lanthanide metals in low
oxidation states during the past few decades [1 —4], this field
still remains a challenging topic in chemistry. In general,
the metal atoms in such “reduced” compounds adopt either
a mixed 4/"5d* electronic configuration as in metallic hal-
ides like Lal [5] and Lnl, (La = La-Pr, Gd) [1], or a stable
divalent 4/* configuration especially for Eu?>* (4f7) and
Yb?" (4/'%). Based on the relative stability of Ln ions with
half-occupied and fully occupied 4f shells, our recent efforts
were directed towards the preparation of monovalent sam-
arium and thulium halides. The present contribution de-
scribes a new Sm,O,I oxide halide which has been obtained
during the attempts to synthesize Sml via “metallothermic”
reduction of SmlI, with sodium.

So far, two ternary samarium phases, SmOI [6] and
Sm4Olg [7], are known in the system Sm-I-O. The first one
crystallizes in the tetragonal PbFCI structure type as do
other related lanthanide(III) oxide halides [6]. The second
compound belongs to the family of divalent Sm,OX oxide
halides (X = CI [8]) whose structures are characterized by
isolated O-centered [Sm4O] tetrahedra and halogen atoms
forming one-dimensional anionic channels. The title com-
pound is a new mixed-valence samarium oxide halide with
a layered structure composed of edge and vertex-sharing
[Sm4O] units.

Experimental Details

Sm metal pieces (99.99 %; Johnson Matthey, Germany), sodium
99 %; ClI < 0.01%, K < 0.05%; Merck) and iodine powder
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(99.8 %; Merck) were utilized as starting materials without further
purification. All manipulations were handled under purified Ar
either in a glovebox (H,O < 0.2 ppm; O, < 0.8 ppm) or by em-
ploying standard Schlenk techniques. Sml, was prepared from the
elements in an evacuated sealed silica tube by slowly heating to
800 °C [9]. For a reduction reaction, the resulting samarium diiod-
ide sample that turned out to contain a minor amount of O-con-
taining impurities"” was mixed with bulk Na pieces in the 1:1 ratio
and filled into a Ta container. The latter was then arc-welded under
argon and sealed in an evacuated silica jacket to prevent oxidation
of the container. The reaction mixture (ca. 0.5 g) was heated at
650 °C for 7 days, followed by cooling in air to room temperature.

Some of the dark red flat needle crystals of Sm,0,I with a metallic
luster (~ 0.08 X 0.04 X 0.02 mm in size) were selected from the
mixture of unreacted Sml,, Sm, and Nal under a microscope inside
a drybox and sealed in glass capillaries under Ar atmosphere for
X-ray measurements. The diffraction data were collected at room
temperature using a single-crystal Stoe IPDS (Image Plate Diffrac-
tion System) instrument with graphite monochromatized Ag Ko
radiation. Single-crystal lattice parameters were determined from
2958 reflections in the region 5.8° < 26 < 50.0°. For the structure
determination the intensity data set was corrected for Lorentz, pol-
arization factors and absorption using the Stoe programs X-RED
and X-SHAPE [10]. All relevant details concerning the data collec-
tion are listed in Table 1.

The starting atomic parameters derived via direct methods using
the program SHELXS-97 [11] were subsequently refined with the
program SHELXL-97 [11] (full-matrix least-squares on F?) with
anisotropic atomic displacements for all non-oxygen atoms. The
atomic coordinates and equivalent isotropic thermal parameters
are reported in Table 2. Selected interatomic distances and bond
angles are given in Table 3. Further details on the crystal structure
determination are available from the Fachinformationszentrum
Karlsruhe, D-76344  Eggenstein-Leopoldshafen,  Germany

D An unambiguous assignment of the X-ray powder diffraction
data is hampered due to peak overlap between the diffraction
patterns of Sml, and SmIO.
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Table 1 Crystal data and structure refinement for Sm,O-I

Formula weight
Lattice dimensions
alA

bIA

c/A

B/ )
Unit cell volume/A®
Crystal system
Space group

Z

Calculated density/g-cm ™3
Diffractometer
Radiation
Temperature/K
Absorption correction
wmm~!

Scan width

Indices h, k, 1

Structure determination and
refinement

Reflections measured
Independent reflections,
Parameters

Rint

R [1 > 201)]

R, (all data)

WR, (all data)
Goodness-of-fit on F?

459.60

12.639(2)

4.100(1)

9.762(3)

117.97(2)

446.8(2)

monoclinic

C2/m (No. 12)

4

6.833

Stoe IPDS 1 .

Ag Ko, . = 0.56086 A

293(2)

Numerical, program X-Shape [10]

17.45

5.8° < 260 < 50.0°
—17<h<17,-6<k<6,—-14<I<14
Programs SHELXS-97 and SHELXL-97 [11]

3935
841, 25

0.086
0.056
0.075
0.161
1.200

Table 2 Atomic coordinates and equivalent isotropic displace-
ment parameters (A?) for Sm,O,I

Atom Site xla ylb zle Uyq

Sml 4i 0.3478(1) 0 0.4575(2) 0.0078(5)
Sm2 4i 0.0303(1) 0 0.7948(2) 0.0104(5)
1 4i 0.6735(2) 0 0.1316(2) 0.0151(5)
Ol 4i 0.156(2) 0 0.441(3) 0.014(4)
02 4i 0.460(2) 0 0.333(2) 0.011(4)

U, is defined as one third of the trace of the orthogonalized Uj; tensor.

Table 3 Selected structural parameters (A, °) in Sm»0,I

Sm1-O1 2.29(1) Sm1-Sm2ii 3.639(2)
Sm1-Oli 2.35(2) Sm1-Sm2ii 4.226(4)
Sm1-02 2.26(2) Sm2-01V 2.40(2)
Sm1-02i 2.33(2) Sm2-02 2.435(15)
Sml-I1 3.550(2) Sm2-11 3.464(3)
Sm1-Smli 3.595(2) Sm2-11i 3.564(2)
Sm1-Smlii 3.535(3) Sm2-11" 3.619(2)
Sm1-Sm2 4.025(2) Sm2-Sm2 4.100(1)
Sm1-O1-Sm1¥ 127(1) Sm1i-02-Sm1 100.9(8)
Sm2¥-01-Sml 126(1) Sm2-02-Sm2 114.7(8)
Sm1i-Sm1-Smli 137.41(5) Sm1i-Sm1-Smli 69.53(5)

Symmetry codes: (i) —1/2—x, 1/2+y, 1—z; (ii) —x, y, 1 —z; (iii) 1/2+x, 1/2+y,
z; (iv) —x, 1+y, 1=z, (v) 1/2+x, —1/12+y, z; (vi) x, —1+y, z;

(crysdata@fiz-karlsruhe.de), referring to the depositary number
CSD-416706.

Results and Discussion

Metallothermic reduction of Sml, in a Na melt at 650 °C
yields Nal and metallic samarium, suggesting no stable in-
termediate Sml, (x < 2) phases in the binary Sm-I system.
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Fig. 1 Projection of the crystal structure of Sm,O,I down the b
axis, with the unit cells outlined (Top). The bottom part shows
coordination polyhedra around the metal atoms Sm1 and Sm2, re-
spectively.

Among the reaction products, dark red needle-like crystals
of composition Sm,O,I were obtained as a by-product due
to oxygen contamination of the starting materials. As a
bulk yet microcrystalline product, Sm,O,I can be prepared
by the metallothermic reaction with sodium at 650 °C in
high yield (approx. 50-60 %) when incorporating a stoichio-
metric amount of Sm,05 and excess of Nal as flux.

The crystal structure of Sm,O,I comprises a new struc-
ture type? which, however, is closely related to the struc-
tures of known oxide halides LnsOlIs (Ln = Sm [7], Eu [13])
Eu,Ol, [14] in that it contains oxygen-centered {Sm4O}
units as basic building blocks. These are connected via cis-
edges and vertices to form corrugated layers parallel (001),
which are separated from each other by I atoms (Fig. 1).

According to the chemical composition, Sm,O,I is a
mixed valence compound. In fact, the metal atoms occupy
two crystallographically distinct sites with different coordi-
nations. The trivalent Sm1 atoms are surrounded by 5 O>~
and 2 I ions (monocapped trigonal prism), whereas the
divalent Sm2 atoms are eight-coordinated (30>~ +51") in a
bicapped trigonal prismatic environment (Fig. 1). The Sml-
O distances range from 2.26(2) to 2.35(2) A close to the
sum of ionic radii (r(Sm**) = 1.02 A for CN = 7, r(0*") =
1.38 A) [15]. The Sm2-O bonds are somewhat longer with
an average of 2.42 A being similar to the Sm'-O distances

2) After submission of our publication a report on the isotypic com-
pound Eu,O,Br appeared [12], however, described with the diffe-
rent setting 12/m.
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in SmyOlg (2.39(2) and 2.436(7) A, respectively) [7]. A
similar change in bond lengths is found for the Sm1-I and
Sm2-I distances (cf. Table 3.). Based on the concept of bond
valence and using the tabulated bond valence parameters
for the Sm"-O (R, = 2.088 A) and Sm!'I bonds (R, =
2.84 A) [16], the empirical valence of atoms Sm1 was calcu-
lated to be 3.1. As there is no data on bond valence param-
eters for Sm'-T and Sm''-O, we estimated these values (2.88
and 2.15 A, respectively) from the crystal data for Sml, [17]
and from the relation? between R values for Eu''-O
(2.076 A) and Eu'-O (2.147 A) [16]. The summation of all
bond valences for atoms Sm2 leads to an empirical valence
of 2.2, thus proving a structural model according to the
ionic description [(Sm*")(Sm?)(0%7),] "1 ™.

Within the metal atom substructure, the trivalent Sml
atoms form slightly corrugated layers of six-membered rings
in the chair conformation like in o-arsenic. These layers are
surrounded on both sides by the divalent Sm2 atoms
capping the square faces of the (Sml)y rings. The resulting
metal atom framework comprises alternating chains of dis-
torted trans-edge connected {(Sm1)4(Sm2),} octahedra and
cis-edge sharing {(Sm1);Sm2} units which are condensed
into corrugated layers parallel (001) (see Fig. 2). The short-
est Sm-Sm distances are 3.535(3) and 3.595(2) A between
the Sml atoms, similar to those in elemental Sm (3.59-
3.62 A) [18].

Figure 2 shows a single layer in the ab plane of the crystal
structure. In the corrugated layer one distinguishes two
types of {Sm4O} units which differ in their geometrical de-
tails. The first one is a distorted {(Sm1),(Sm2),0} tetra-
hedron. As the Sm'" ions form one edge of the tetrahedron
opposite to the other formed by Sm!, the edge lengths are
different, however, the trans-edges remain orthogonal. The
other structural unit, {(Sm1);(Sm2)O}, is better described
as a trigonal pyramid with the Sm1 atoms forming the basal
plane and the Sm2 atom occupying the apical position.
Both units are connected into infinite corrugated layers
according  to  Z[{(Sm'"1),5(Sm'2)530% 7} {(Sm" 1))
(Sm'2),,5027}]" in the ab plane. The {(Sm1);(Sm2)O}
units are connected only via cis-edges, whereas the
{(Sm1),(Sm2),0} tetrahedra share both common edges and
vertices. As a consequence, the [Sm,0,] layers are not com-
pletely compact but contain trigonal antiprismatic voids in
the [101] direction (Fig. 3). In each layer, such voids formed
by 4 Sm1 + 2 Sm2 atoms are face-capped from both sides
by I atoms, which, in turn, line up into alternating yet
slightly distorted linear strings parallel to [101] with a short-
est I-I contact of 3.97 A.

A merely topological description of the structure can be
obtained by considering in the first place the positions of
Sm and I atoms. They form slightly corrugated 63 nets ex-

¥ As Sm(II) and Eu(II) atoms exhibit very similar ionic radii (1.27
and 1.25 A for C.N. = 8, respectively) [15], the estimation of the
bond valence parameter (R) for Sm-O on the basis of related values
for the Eu-O pairs is thought to be reliable.
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Fig. 2 View of a corrugated layer of cis-edges and vertex connec-
ted {Sm4O} clusters and and arrangement of iodide ions in the
(001) plane.

Fig. 3 Projection of the crystal structure of Sm,O,I along [101].

tending parallel to the (101) plane. The stacking of the
layers reminds of a closest packing in which all octahedral
voids are left empty and those tetrahedral voids only com-
posed of Sm atoms are filled with oxygen atoms.
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