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Under mild solvothermal conditions two novel thioantimonates(V) into the thioantimonate anionic network under mild solvo-
[Sm(en)s]ShS4+0.5en (1) and [Sm(en)s(H.0)(«-ShS4)]- (2) were thermal conditions has not been reported till now. In our
synthesized; the structure of 1 contains discrete [Sm(en),J** and systematic syntheses of thiometalates in ethylenediamine (en)
[SbS4J*~ ions, while 2 consists of neutral [Sm(en)s(Hz0) (4-SbSy)] solution? we obtained two novel organidnorganic hybrid
one-dimensional chains. thioantimonates, [Sm(efpbS-0.5en @) and [Sm(ery

(H20)(SbS)] (2). The two compounds are the first examples
of lanthanide thioantimonates synthesized in en solution
Recently, extensive interest has been focused upon theunder solvothermal conditions.

synthesis and characterization of ternary and quternary Compoundl was prepared by a reaction of 8t with
lanthanide chalcogenides due to their promising photo-, Sh and S in en at 150C for 7 days’> Compound2 was
thermo-, and electroluminescence and nonlinear optical gptained in a different procedure. A clear yellow solution
properties. These compounds are usually prepared by flux \as previously obtained by a reaction of Sb with S in en for
technique at high temperature. The mild solvothermal 2 days at 150°C. After SmO; was added to the resulted
reaction in amine has proven to be a versatile route for the solution, the solvothermal reaction went on for another 5
syntheses of chalcogenometalgtedlith this method, a  days at the same temperature, and tAevas achieved.
number of thioantimonates, in which transition metal com- Compound 1° is composed of an eight-coordinated
plex cations act as charge balancing ions foiSgb anions,  15m(en)J3+ cation, a tetrahedral [SES™ anion, and a solvent
have been synthesiz&fTransition metal ions, such as ki molecule of en (Figure 1a). The coordination geometry
Co**, Ni?f, CW#*, and Ag, are proven to be able to
incorporate into the S8~ network? However, the synthetic (7) (a) Stephan, H. O.; Kanatzidis, M. G. Am. Chem. Sod996 118

method of incorporation of lanthanide metal cations3()n 12226. (b) Sthler, R.; Bensch, WEUr. J. Inorg. Chem2001, 3073.
(c) Stanler, R.; Bensch, WJ. Chem. Soc., Dalton Tran8001, 2518.
*To whom correspondence should be addressed. E-mail: daijie@ (d) Bensch, W.; Ntoer, C.; Staler, R.Chem. Commur2001, 477.

suda.edu.cn. (e) Schaefer, M.; Engelke, L.; Bensch, ¥/.Anorg. Allg. Chem2003
T Suzhou University. 629 1912. (f) Chen, Z.; Dilks, R. E.; Wang, R.; Lu, J. Y.; Li,Ghem.
* Nanjing University. Mater. 1998 10, 3184. (g) Powell, A. V.; Boissiere, S.; Chippindale,
(1) (a) Maestro, P.; Huguenin, 0. Alloys Compd1995 225, 520. (b) A. M. J. Chem. Soc., Dalton Trang00Q 4192. (h) Powell, A, V.;
Sokolov, V. V.; Kamarzin, A. A.; Trushnikova, L. N.; Savelyeva, M. Paniagua, R; Vaqueiro, P; Chippindale, A. Rhem. Mater2002
V. J. Alloys Compd1995 225, 567. (c) Gitzendanner, R. L.; DiSalvo, 14, 1220. (i) Wood, P. T.; Schimek, G. L.; Kolis, J. \@hem. Mater.
F. J.Inorg. Chem 1996 35, 2623. (d) Mauricot, R.; Dexpert-Ghys 1996 8, 721.
J.; Evain, M.J. Lumin. 1996 69, 41. (e) Gauthier, G.; Jobic, S.; (8) (a) Jia, D. X.; Zhang, Y.; Dai, J.; Zhu, Q. Y.; Gu, X. M. Anorg.
Boucher, F.; Macaudie, P.; Huguenin, D.; Rouxel, J.; Brec, &em. Allg. Chem 2004 630, 313. (b) Jia, D. X.; Dai, J.; Zhu, Q. Y.; Zhang,
Mater. 1998 10, 2341. (f) Mitchell, K.; Haynes, C. L.; McFarland, Y.; Gu, X. M. Polyhedron2004 23, 937. (c) Jia, D. X.; Zhang, Y.;
A. D.; Van Duyne, R. P.; Ibers, J. Anorg. Chem 2002 41, 1199. Dai, J.; Zhu, Q. Y.; Gu, X. MJ. Solid State Chen2004 177, 2477.
(2) Choi, K. S.; Hanko, J. A.; Kanatzidis, M. @G. Solid State Chem (9) Synthesis: colorless prism crystals of [SmgEBhS-0.5en () were
1999 147, 309. synthesized by reacting $@ (174.4 mg, 0.5 mmol) and Sb (121.7
(3) Gout, D.; Jobic, S.; Evain, M.; Brec, Bolid State Sci2001, 2, 223. mg, 1 mmol) with S (96.19 mg, 3 mmol) in 4 mL of ethylenediamine.
(4) Li, J.; Chen, Z.; Wang, R. J.; Proserpio, D. Koord. Chem. Re The mixture was loaded into a Teflon-lined stainless steel autoclave
1999 190-192 707. (the filling rate of the autoclave is about 30%). Then, the autoclave
(5) (a) Stephan, H. O.; Kanatzidis, M. Giorg. Chem 1997, 36, 6050. was heated to 150C for 7 days (yield 50% based on Sh). Colorless
(b) Stanler, R.; Bensch, WZ. Anorg. Allg. Chem2002 628 1657. block crystals of [Sm(enfH20)(SbS)] (2) were synthesized with the
(c) Stéler, R.; Naher, C.; Bensch, WJ. Solid State Chen2003 same starting material and molar ratiolasut in a different procedure.
174, 264. A clear yellow solution was previously obtained by reacting Sh with
(6) (a) Staler, R.; Naher; C.; Bensch, WEur. J. Inorg. Chem2001 S in ethylenediamine for 2 days at 190. After SmOs was added to
1835. (b) Sthler, R.; Mosel, B. D.; Eckert, H.; Bensch, \ngew. the resulting solution, the solvothermal reaction was carried on for 5
Chem., Int. EJ2002 41, 4487. days at the same temperature (yield 55% based on Sh).
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Figure 1.
Hydrogen atoms are omitted for clarity. (b) Coordination environment of
the Sni* ion. Selected bond distances (A): S8(1) 2.3160(10), SbS(2)
2.3259(10), Sb'S(3) 2.3421(9), SbS(4) 2.3294(10), SmN(1) 2.578(3),
Sm—N(2) 2.592(3), SmN(3) 2.552(3), SmN(4) 2.545(3).

(a) Crystal structure of, the atom of C(2) being disordered.

around Sr* ion is a bicapped trigonal prism of N atoms
(Figure 1b). The SmN bond distances varying from

2.545(3) to 2.578(3) A are comparable to those observed in

other samarium complexes with amine donor atéhiEhe

Sb—S bond distances vary from 2.3160(10) to 2.3421(9) A,
distances which are similar to those found in other discrete

tetrahedral [Sb@®~ anions!? All the geometrical parameters
indicate a significantly distorted Sh&trahedron.

The crystal structuf€ of 2 consists of neutral [Sm(eq)
(H20)(u-ShS)] one-dimensional chains. The Stion is
coordinated by three en ligands and ong®HThe [Sbg]®~

anion acts as a bridging ligand connecting neighboring

[Sm(en}(H.O)J*" cations to form one-dimensional coordina-
tion polymer of [Sm(ery(H20)(u-SbS)]. (Figure 2a). Being
different from the St ion in 1, in 2 the Sn¥* ion is in a

S{3A)

Cia)de=—"004)

Figure 2. (a) Crystal structure o2, one of the en molecules being
disordered. Hydrogen atoms are omitted for clarity. (b) Coordination
environment of the SAT ion. selected bond distances (A): S8(1)
2.3254(11), Sb'S(2) 2.3137(12), SbS(3) 2.3341(8), SmN(1) 2.609(3),
Sm—N(2) 2.601(3), SmN(3) 2.647(7), SmrN(4) 2.640(7), SmO 2.616(4),
Sm—S(1) 2.9749(10), SmS(2A) 3.0739(12).

Figure 3. View of the layer (viewing along-axis) formed by [Sm(eR)
(H20)(SbS)]. chains via N-H---S hydrogen bonds (shown in dashed lines).

nine-coordinated environment with six N atoms from three Hydrogen atoms are omitted for clarity.

en ligands, two S atoms from two different [SpS anions,
and one O atom from #D (Figure 2a). The novel mixed
ligands coordinated polyhedron SO is a distorted top-

capped square antiprism (Figure 2b). The atoms of Sh, Sm
0, S(1), and S(2) form a mirror plane (Figures 2a and 3).

The en ligands of N(£C(1)—C(2)—N(2) and N(1A}
C(1A)—C(2A)—N(2A) are mirror images of each other.

(10) Crystal structure determination: [Sm(gB8pS:-0.5en (), My =
670.81. Monoclinic, space grolg2:/n (No. 14) witha = 11.0520(13)
A, b = 12.8847(15) A,c = 16.116(2) A, = 91.861(3), V =
2293.7(5) RB. T =193 K, Z = 4, Dcaica = 1.943 gcm 3, andu =
4.090 mntl. 24981 reflections collected in the range 6820 <
54.96, 5225 unique reflections. [Sm(g).0)(SbS])] (2), My =
598.67. Orthorhombic, space groBpma(No. 62) witha = 9.2725(6)
A, b=13.3851(9) Ac=14.6863(9) AV = 1822.8(2) B. T= 193
K, Z = 4, Dcaied = 2.182 gcm3, andu = 5.131 mmt, 19104
reflections collected in the range 6.2 20 < 54.96, 2162 unique

reflections. An empirical absorption correction was applied to the data;

structures were solved with SHELXS-97 (Sheldrick, G. M. University
of Gottingen); structures refinement agairfit using SHELXL-97
(Sheldrick, G. M. University of Giingen). Forl, 243 variablesR1

for 5035 reflections I[ >20(1)] = 0.0300,wR2 for all 5225 date=
0.0605, GOF 1.255. Fa?, 94 variablesR1 for 2121 reflections|[
>20(1)] = 0.0214,wR2 for all 2162 data= 0.0503, GOF 1.149. The

non-hydrogen atoms were refined anisotropically, and hydrogen atoms

were located by calculation except that H atoms of N(2) and N(9) in
1 were located by difference Fourier maps.lirnthe atom of C(2) is

disordered, and the occupancies of C(2A)/C(2B) were assigned as 60%
and 40%. In2, one en ligand is disordered, and the occupancies of

disordered N(3)} C(3)—C(4)—N(4)/N(4A)—C(4A)—C(3A)—N(3A) at-
oms were assigned as 50% and 50% respectively.

(11) Essig, M. W.; Keogh, D. W.; Scott, B. L.; Watkin, J. Bolyhedron
2001, 20, 373.

(12) (a) Schur, M.; Rijnberk, H.; Nker, C.; Bensch, WPolyhedron199§
18, 101. (b) Schaefer, M.; Engelke, L.; Bensch, ¥.Anorg. Allg.
Chem 2003 629, 1912.
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Similar to [SbS]®~ in 1, the tetrahedral [ShF~ anion in2
is also distorted, as evidenced by theSh—S angles ranging
from 106.58(4) to 111.19(3). The average distance of

'Sm—N (2.624 A) is elongated by ca. 0.058 A compared with

that of eight-coordinated [Sm(eff}* ion (av. Sm-N 2.566

A). The Sm-S distances (2.9749(10) and 3.0739(12) A) are
comparable to the corresponding distances of multinary
samarium sulfides with S donor atoms of thiometalate
anions!?

Except for in a few caséswhere [Sbg®™ is bound to
transition-metal cations, coordinated by amine, thio-
antimonates(V) usually exist as an isolated tetrahedral
[SbS]3 anion® In 2 the [SbS]®~ anion is bound to [Sm(er)
(H,0)]*" ion and acts as a-bridging ligand to connect the
cations. Compound is the first example of thioanti-
monate(V) with [Sbg®~ anion coordinated to lanthanide
metal complex cations of [Ln(ef}". All the [Sm(en)}(H20)-
(u-SbS)]. chains are parallel to the axis, and their
orientations alternate in neighbors (Figure 3). The chains are
connected via NH---S hydrogen bonds forming a layered
arrangement parallel to the (001) plane. Then, the layers
interact also via N-H---S hydrogen bonds resulting in a
three-dimensional network.

Optical diffuse reflection spectra in the 25000 nm range
were measured at room temperature. The absorptié) (

(13) (a) Bucher, C. K.; Hwu, S. Inorg. Chem1994 33, 5831. (b) Lafond,
A.; Cario, L.; Van der Lee, A.; Meerschaut, A. Solid State Chem.
1996 127, 295.
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Figure 4. Solid state optical absorption spectrum2pshowing the band
gap value ofEg.

data were calculated from the reflectance using the Kubelka
Munk function!* The obtained absorption versus energy
spectra show band gaps at 2.73 eV fcand 2.75 ev foR2
(Figure 4). Both band gaps dfand2 are larger than those
of multinary lanthanide polythioantimonates(lll) free of
organic ligands, such as;Ka,ShS, (2.20 eV)? La,ShSBr
(2.08 eV), and CelLaShBr (2.07 eV)?

Compoundl loses its free en at 98C (0.5en, 4.4%). It
removes coordinated en ligands between 100 and®€56
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ligands in two steps with total mass loss of 30.8% (calcu-
lated: 30.1%), which is accompanied by two endothermic
signals at 154 and 23IC on a DSC curve, respectively.
Compound?2 also loses sulfur but at lower temperature
between 250 and 35 (see Supporting Information). The
residues ofl and 2 were checked by XRD, but the
decomposition products could not been clearly assigned,
because the reflection intensities are weak and the peaks are
broadened.

In conclusion, although numerous main group chalco-
genometalates were obtained from en systems by mild
solvothermal reaction, up to now only transition metal
complex cations are involved in incorporation with the
chalcogenometalate anions in this synthetic method. Com-
poundsl and?2 are the first example of thioantimonates(V)
with lanthanide metal complex cations acting as counterions.
The structure of is a novel example of a [SBB~ anion
acting as a bridging ligand. Therefore, the solvothermal
method is a new route for synthesis of multinary lanthanide
sulfides modified with organic components.
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