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The title compound, catena-poly[[chloridotetrakis(ethylene-
diamine-«”>N,N")samarium(III)]  [indium(III)-di-u-tellurido-
indium(III)-di-p-tellurido]], {[SmCI(C,HgN,),][In,Te4]},., con-
sists of a one-dimensional sinusoidal {[InTe,] ™}, anionic chain
and [SmCl(en)4]** cations (en is ethylenediamine). The only
other previously reported lanthanide analogue, viz. [LaCl-
(en)4][In,Te,], contains more usual linear one-dimensional
{[InTe,] },, anion chains [Chen, Li, Chen & Proserpio (1998).
Inorg. Chim. Acta, 273, 255-258]. The one-dimensional poly-
meric {[InTe,]”},, chain is built of InTe, tetrahedra sharing
opposite edges. The Sm™ ion in the [SmCl(en),]** cation is
nine-coordinated by eight N atoms from four bidentate en
molecules and by one chloride ion to form a monocapped
square-antiprismatic geometry. The presence or absence of
N—H---Cl hydrogen bonding is shown to affect the
conformation of the anion.

Comment

The number of hybrid organic-inorganic indium chalcogen-
ides has increased rapidly in recent years, owing to their
potential applications in catalysis and in semiconductor and
photoelectric chemistry (Zheng et al., 2005; Li et al., 1999,
Manos et al., 2007; Ding et al., 2006; Rangan et al., 2000). These
compounds have usually been prepared at moderate
temperatures (room temperature or under mild hydro- or
solvothermal conditions) in the presence of an organic base as
a structure-directing or templating agent. In the family of
indium tellurides, many related compounds with a variety of
structures have been reported, as exemplified by zero-
dimensional molecular KgIn,Teg-4en (en is ethylenediamine)
(Wang & Haushalter, 1997) and (NEt,)s[In;Te;]-0.5Et,O
(Park et al., 1995)}; one-dimensional {[InTe,] }, chains built
up from InTe, tetrahedra sharing opposite edges in
[(n-C4Ho)4N],[In,Te,] (Warren et al, 1994) or [Zn(taa)-

(pn-tren)s][InTe,]Cl [taa is N,N,N-tris(2-aminoethyl)amine
and tren is triethylenetetramine], [M(en);][In,Te,]-en (M = Ni
or Co) and [M(en);],[InyTeg]-0.5en (M = Mn, Fe or Zn) (Zhou
et al.,2007); one-dimensional chains with fused five-membered
rings in [M(en);s][In,Tes] (M = Fe or Zn) and o- or
B-[Mos(en)s(r-Tey)s(us-Te)(p3-O)][In,Teg] (Li et al., 1997); a
two-dimensional layered network built of an In,Te,q super-
tetrahedron sharing bonds via u,-Te, u,-Te, and ug-Te; in
[Zn(en);]4[In6(Tes)4(Tes) Tess] (Chen et al., 2001); and three-
dimensional frameworks constructed from the crosslinking of
helical chains of corner-sharing InTe, tetrahedra in UCR-
2InTe-amine [amine = triethylenetetramine, tris(2-amino-
ethyl)amine or N-(2-aminoethyl)propane-1,3-diamine; UCR-
2InTe represents the [In33TeS6]13_ anion; UCR = University of
California at Riverside] (Wang et al., 2002). The cations of
these compounds are tetraalkylammonium, protonated amine,
alkali metal cations or transition metal complex cations, but
indium tellurides with lanthanide-containing counter-cations
prepared under mild solvothermal conditions are rare. The
only example that has been found is [LaCl(en)4][In,Te,], (I1I)
(Chen et al., 1998), which contains one-dimensional straight
{[InTe,] },, anion chains. We report here the unusual example
of the title indium telluride, {[SmCl(en),][In,Te,l},, (),
containing sinusoidal {[InTe,]"}, anion chains with
[SmCl(en),]** as counter-ions.
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In the asymmetric unit of (I), there are two In atoms, one
Sm atom and four Te atoms, all of which occupy general
positions. The Sm'" centre is chelated by four bidentate en
ligands and coordinated by one chloride ion to form a
monocapped square-antiprismic geometry (Fig. 1a). The one-
dimensional polymeric anion chain with the formula
{[In,Te,]*"},, is built of InTe, tetrahedra sharing opposite
edges and propagates along the crystallographic a axis
(Fig. 1b). All central In atoms in (I) are arranged in a sinu-
soidal line and the In---In---In angles are in the range
157.04 (3)-160.81 (3)°. There are two kinds of In---In
distances in (I), namely 3.6170 (11) A for Inl---In2 and
3.4948 (11) A for Inl- - -In2" [symmetry code: (ii) 1 + x,y,1 — z].
The repeat unit consists of four edge-sharing InTe, tetrahedra
for a complete sinusoidal period of 13.7359 (11) A, which is
less than the sum of the four In- - -In distances [14.224 (2) A]
The atoms in the In1/Te3/Te4/In2 ring are almost coplanar, but
the In1/Tel/Te2/In2" ring has a butterfly structure; the dihe-
dral angle between the wing planes In1/Tel/In2" and In1/Te2/
In2" is 28.82 (4)°. When viewed down the one-dimensional
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Figure 1

Views of (a) the cation and (b) the anion of (I), showing the atom-
numbering schemes. Displacement ellipsoids are drawn at the 30%
probability level and H atoms are shown as small spheres of arbitrary
radii.

{[InTe,] "}, chain axis, the butterfly rings display two alter-
nating orientations (Fig. 2). A search of the Cambridge
Structural Database (Allen, 2002) reveals that this sinusoidal
period is rather shorter than that observed in a number of en
transition metal-containing indium tellurides (transition metal
= Mn, Fe, Co, Ni or Zn; Zhou et al., 2007), where it is in the
range ca 142-14.6 A,

In (I), [SmCl(en)4]** cations are linked into a one-dimen-
sional sinusoidal cationic chain by way of N—H--.-Cl
hydrogen bonds (Fig. 3) running parallel to the a axis. Pseudo-
channels are constructed by the cationic chains surrounding
the one-dimensional {[InTe,]™}, chains (Fig. 2).

Both (I) and the reported [LaCl(en),][In,Te,], (IT) (Chen et
al., 1998), contain a chloride ion which coordinates to the Ln™
centre to complete the coordination, but the role of this ion in
the two structures is different. The [SmCl(en),]** cations of (I)
are assembled into a one-dimensional sinusoidal chain by
N—H---Cl hydrogen bonds but, importantly, no similar
hydrogen bonds exist between the [LaCl(en),]** cations of
(I1). The ionic radius of the Sm>* ion (1.132 A) (Suganuma &
Hori, 1999) is smaller than that of the La** ion (1.216 A) (Lien
et al., 2005). When the chloride ion bonds to the Sm>" ion of
(I), its bond [2.869 (3) A] is shorter than the La—Cl bond in
(IT) [2.945 (9) A], and the electronegativity of the CI atom in
(I) should be higher than that in (II). For an N—H.--Cl
hydrogen bond, it is well known that the higher the electro-
negativity of the Cl acceptor, the stronger the hydrogen bond.
Thus, the hydrogen-bond-assembled sinusoidal cation chain in
(I) affects the conformation of the anion. There is no such
templating effect in (II) and the anionic chains are therefore

Figure 2
A view of the structure of (I) along the [100] direction. All N—H- - -Cl
contacts have been omitted for clarity.

Figure 3
Part of the crystal structure of (I), showing the N—H. --Cl hydrogen
bonds (dashed lines).

straight and thus (I) and (II) show different conformations of
the polymeric anions.

Experimental

Single crystals of the title complex suitable for X-ray crystallographic
analysis were obtained by solvothermal treatment of SmCls
(0.05 mmol), InCl; (0.1 mmol), Te powder (0.2 mmol) and ethylene-
diamine (1 ml). The reagents were placed in a thick sealed Pyrex tube
(ca 20 cm long), which was heated to 418 K for 13 d and then cooled
to room temperature. Yellow block-shaped crystals of (I) were
obtained (yield 26%, based on Sm).
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Crystal data

[SmCI(C,HgN,),][In,Tey] V = 5400.9 (8) A®

M, = 1166.26 Z=8
Orthorhombic, Plzca Mo Ka radiation
a=13.7359 (11) A u=818 mm™"
b = 185660 (16) A T=223(2)K

c=21.1782 (18) A 0.40 x 0.30 x 0.10 mm

Data collection

49875 measured reflections
4938 independent reflections
4478 reflections with I > 20()
Ry = 0.077

Rigaku Mercury CCD area-detector
diffractometer

Absorption correction: multi-scan
(Jacobson, 1998)
Tonin = 0.068, Tiax = 0.443

Refinement

R[F? > 20(F?)] = 0.057
wR(F?) = 0.101
§=1.29

4938 reflections

217 parameters

37 restraints

H-atom parameters constrained
APmax = 178 ¢ A3

Apmin = —1.90 e A3

Table 1 .

Hydrogen-bond geometry (A, °).

D—H---A D—H H---A D---A D—H---A
N2—H2A-- ~C11f 0.91 2.74 3.619 (10) 164
N3—H3A4. - ~Cllf 0.91 2.40 3.248 (10) 156
N8—HS8A- - -CIl' 0.91 2.60 3.498 (9) 169
N7—HT7A---Cll 0.91 2.72 3.166 (10) 111

Symmetry code: (i) x —3, —y +3, —z + 1.

H atoms were positioned geometrically and refined using a riding
model, with C—H = 0.98 A and N—H = 0.91 A, and with Uy;o(H) =
12U.q(CN). There was some evidence of disorder in the en ligand
containing atoms N3 and N4. This was refined with geometric and
displacement parameter restraints to improve the geometry using a
single set of atom positions. Rigid-bond and similarity restraints were
applied to the displacement parameters of atoms N3/C3/C4/N4 of one
chelating ligand. This ligand was restrained to have twofold symmetry
and to have a geometry similar to that of the N1/C1/C2/N2 ligand.

Data collection: CrystalClear (Rigaku, 2001); cell refinement:
CrystalClear; data reduction: CrystalStructure (Rigaku/MSC, 2004);
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008);
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008);

molecular graphics: ORTEPII (Johnson, 1976); software used to
prepare material for publication: SHELXL97.

This work was supported by the National Natural Science
Foundation (grant No. 20371033) and the Natural Science
Foundation of the Education Committee of Guangxi Province.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: EM3020). Services for accessing these data are
described at the back of the journal.

References

Allen, F. H. (2002). Acta Cryst. B58, 380-388.

Chen, X., Huang, X. Y. & Li, J. (2001). Inorg. Chem. 40, 1341-1346.

Chen, Z., Li, J., Chen, F. & Proserpio, D. M. (1998). Inorg. Chim. Acta, 273,
255-258.

Ding, N., Takabayashi, Y., Solari, P. L., Prassides, K., Pcionek, R. J. &
Kanatzidis, M. G. (2006). Chem. Mater. 18, 4690-4699.

Jacobson, R. (1998). Private communication to Rigaku Corporation, Tokyo,
Japan.

Johnson, C. K. (1976). ORTEPII. Report ORNL-5138. Oak Ridge National
Laboratory, Tennessee, USA.

Li, J., Chen, Z., Emge, T. J. & Proserpio, D. M. (1997). Inorg. Chem. 36, 1437—
1442.

Li, H., Eddaoudi, M., Laine, A., O’Keeffe, M. & Yaghi, O. M. (1999). J. Am.
Chem. Soc. 121, 6096-6097.

Lien, C. Y., Kao, H.-C. 1., Ling, D. C, Lu, H. H., Chen, J. M. & Lee, J. M.
(2005). Chin. J. Phys. 43, 629-637.

Manos, M. J., Malliakas, C. D. & Kanatzidis, M. G. (2007). Chem. Eur. J. 13,
51-58.

Park, C. W,, Salm, R. J. & Ibers, J. A. (1995). Angew. Chem. Int. Ed. 34, 1879—
1880.

Rangan, K. K., Trikalitis, P. N. & Kanatzidis, M. G. (2000). J. Am. Chem. Soc.
122, 10230-10231.

Rigaku (2001). CrystalClear. Version 1.30. Rigaku Corporation, Tokyo,
Japan.

Rigaku/MSC (2004). CrystalStructure. Version. 3.6.0. Rigaku/MSC, The Wood-
lands, Texas, USA.

Sheldrick, G. M. (2008). Acta Cryst. A64, 112-122.

Suganuma, H. & Hori, M. (1999). J. Radioanal. Nucl. Chem. 240, 841-844.

Wang, C., Bu, X. H.,, Zheng, N. F. & Feng, P. Y. (2002). Angew. Chem. Int. Ed.
41, 1959-1961.

Wang, C. & Haushalter, R. C. (1997). Inorg. Chem. 36, 3806-3807.

Warren, C. J., Dhingra, S. S., Haushalter, R. C. & Bocarsly, A. B. (1994).
J. Solid State Chem. 112, 340-344.

Zheng, N. F, Bu, X. H., Vu, H. & Feng, P. Y. (2005). Angew. Chem. Int. Ed. 44,
5299-5303.

Zhou, J., Zhang, Y., Bian, G. Q., Zhu, Q. Y., Li, C. Y. & Dai, J. (2007). Cryst.
Growth Des. 7, 1889-1892.

mMmT102 Lietal. « [SMCIC,HgN,)IIn,Te,l

Acta Cryst. (2009). C65, m100-m102



