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Abstract

C18H22N017S9Y 2, triclinic, P1 (no. 2), a=9.5713(9) A,
b=13.700(1) A, ¢ =14.932(1) A, a = 64.646(1)°,

B =82.282(1)°,y =81.089(1)°, V=1742.9 A3, Z =2,
Rg(F) = 0.024, wRee(F2) = 0.057, T =291 K.

Source of material

The title compound was prepared by hydrothermal method. A
mixture of (1,3,4-thiadiazole-2,5-diyldithio)diacetic acid
(Hatzda, 0.6 mmol), NaOH (1.2 mmol), Y(NO3)3 - 6H>0 (0.4
mmol), and water (15 mL) was sealed in a 25 mL Teflon-lined
stainless steel vessel and then heated at 120 °C for 96 h. After be-
ing cooled slowly to room temperature, the title complex as color-
less needle-like crystals was collected by filtration, washed with
water, and dried in air.

* Correspondence author (e-mail: yutingwangyt@163.com)

Discussion

In past decades, the design and synthesis of metal-organic frame-
works has been a field of rapid growth in supramolecular and ma-
terial chemistry due to their fascinating topologies and useful
properties [1-5]. An effective approach in building such materials
is to employ suitable organic bridging ligands [6,7]. Carboxylate-
containing ligands have attract considerable interest in reported
multidentate ligands because of their diverse coordination modes
[8-12]. Furthermore, itis found flexible ligands may induce novel
topologies owing to their flexibility and conformation freedoms
[13].

The title crystal structure exhibits an infinite three-dimensional
network. In each indegendent crystallographic unit, there are two
Y (III) ions, three tzda™ anions and five aqua ligands (figure, top).
Y 1(IIT) ion is surrounded by nine oxygen atoms, eight of them are
from carboxylate groups of six tzda®~ anions, while the last oXy-
gen atom is from a water molecule. The local environment of the
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Y 1(III) ion can be best described as a strongly distorted tricapped
trigonal prism. Y2(III) ion is coordinated by four oxygen atoms
from three tzda®~ anions and four coordinated water molecules in
a distorted square-antiprismatic manner (figure, top). The bond
lengths of Y—O range from 2.279(2) to 2.483(2) A, comparable
with those in the polymer { Y2(tzda)3(H20)10] - 5SH20}n [14]. No-
ticeably, three tzda®™ anions present three kinds of coordination
modes linking the Y (III) ions: (a) one carboxylate group adopts a
monodentate mode, and the other one adopts a bidentate chelating
mode (,uz-nl:nlznlmode); (b) one carboxylate group adopts a syn-
syn bidentate bridging mode, and one adopts a chelating-bridging
mode (144-171:17] 7"~ mode); (c) one carboxylate group adopts a
monodentate mode, while another adopts a chelating-bridging
mode (u3- I 1:772 mode). Two types of tzda®™ anion ligands in

,u4—7ylznlzn ;” and /13—171:171:172 coordination modes link Y(III)

Table 1. Data collection and handling.

Crystal: colorless needle,

size 0.18 x 0.33 x 0.45 mm
Wavelength: Mo K, radiation (0.71073 A)
u: 39.34 cm™!
Diffractometer, scan mode: Bruker SMART CCD, ¢/w
26max: 51°

N(hkl)measured, N(hkl)unique: 13372, 6448

Criterion for Iobs, N(hkl)gt: Iobs > 2 0(Iobs), 5719

N(param)refined: 470

Programs: SHELXS-97 [15], SHELXL-97 [16],
SHELXTL [17]

Table 2. Atomic coordinates and displacement parameters (in Az).

centers to form a 2D network consisting of the [Y12Y22(tzda)4] Atom  Site X y z Uio
repeating unit (figure, bottom), in which the distance between two
neighboring Y1 ions is 5.713 A and the distance between two ad- H(W) 2i 0.5744  -0.1835 1.0002 0.050
jacent Y1 and Y2 ions is about 14.755 A. Within this 2D network, H2W) 20 0.6853 —0.2492 1.0512 0.050
the repeating units [ Y 12Y22(tzda)4] are connected by carboxylate HGW) 2 1.0707 03153 -0.1273 0.051
2— 1. . . . . H@W)  2i 1.0492 0.2531 -0.0273 0.051
groups of tzda™" ligands in chelating-bridging mode forming an HGSW)  2i 0.8511 05316  —02632 0.045
infinite wave-like chain, and in this chain the two nearest Y2 ions H6W) 2 0.9416 04379  —-0.2387 0.045
form dimeric centers are separated by 4.029 A. Among two adja- H(TW) 2i 0.6780 0.6251  -0.1733 0.044
cent chains, two Y1 ions are connected also through chelating- HEW) - 2 0.6424 0.5930  -0.0735 0.044
bridging carboxylate groups with a distance of 4.250 A. Then HOW) 2 0.6280 0.3375  -0.0465 0.054
. . . 2. H(10W) 2i 0.7403 0.2617 —0.0438 0.054
these two-dimensional networks are further linked by tzda™ lig- HQA)  2i 0.6725  —0.2404 1.3552 0.027
ands via /12—171:171:171 coordination mode along [010], leading to HB) 2i 0.7855 —0.1608 1.3372 0.027
the final three-dimensional network. The crystal structure is sta- HGA) 2 04303 -0.2298 1.8157 0.032
bilized through extensive hydrogen bonding involving the tzda® H(SB)  2i 05780 —0.1964 1.8209 0.032
ligands and coordinated water molecules H@A) - 2 04998 0-2475 0.7581 0.031
: H(B)  2i 0.5651 0.1626 0.7148 0.031
H(11A) 2i 0.5599 0.4012 0.2458 0.036
H(11B) 2i 0.4653 0.5136 0.2180 0.036
H(14A) 2i 1.0824 -0.0147 0.7582 0.030
H(14B) 2i 0.9920 0.0883 0.7644 0.030
H(17A) 2i 0.9686 0.3418 0.2751 0.031
H(17B) 2i 1.0659 0.2387 0.2732 0.031
Table 3. Atomic coordinates and displacement parameters (in Az).
Atom Site X y z U U Us3 U2 Ui U
Y(1) 2i 0.70726(2) —0.03349(2)  1.04961(2)  0.0149(1) 0.0174(1) 0.0107(1)  —0.00129(9) —0.00051(9) —0.00461(9)
Y(2) 2i 0.86338(2)  0.43664(2) —0.04651(2)  0.0209(1) 0.0158(1) 0.0104(1)  —0.00139(9) —-0.00135(9) —0.00319(9)
S(1) 2i 0.85320(7) —0.32989(5)  1.45946(5) 0.0361(4) 0.0268(3) 0.0142(3) 0.0131(3) —0.0058(3)  —0.0093(3)
S(2) 2i 0.64601(7) —0.16081(5)  1.50532(4)  0.0319(4) 0.0212(3) 0.0113(3) 0.0088(3) —0.0018(3)  —0.0044(3)
S@3) 2i 0.49825(7) —0.09433(5)  1.66343(5) 0.0351(4) 0.0207(3) 0.0157(3) 0.0057(3) 0.0043(3)  —0.0047(3)
S4) 2i 0.72848(8)  0.28458(6)  0.68647(5)  0.0424(4) 0.0423(4) 0.0169(3) —0.0224(3)  —0.0086(3) 0.0036(3)
S(5) 2i 0.78641(8)  0.41738(6)  0.46896(5)  0.0357(4) 0.0461(4) 0.0198(4) —0.0198(3)  —0.0045(3) 0.0007(3)
S(6) 2i 0.68312(9)  0.52396(6)  0.26574(5)  0.0554(5) 0.0435(4) 0.0151(3) —0.0269(4) —0.0024(3) —0.0032(3)
S(7) 2i 0.84503(7) —0.01953(5)  0.74385(4)  0.0255(3) 0.0328(4) 0.01143) -0.0107(3) —0.0005(2)  —0.0049(3)
S(8) 2i 0.75177(7)  0.08065(6)  0.53457(5)  0.0248(3) 0.0413(4) 0.0136(3) —0.0125(3) -0.0012(3) —0.0031(3)
S©) 2i 0.83109(7)  0.19963(6)  0.31699(5)  0.0333(4) 0.0421(4) 0.0123(3) -0.0185(3) —0.0034(3) —0.0011(3)
o(1) 2i 0.7974(2)  —0.1875(2)  L.1752(1)  0.044(1) 0.031(1) 0.0132(9)  0.0070(9) —0.0041(8)  —0.0074(8)
0(2) 2i 0.9283(2) -0.3346(2)  12709(1)  0.041(1) 0.035(1) 0.026(1) 0.0156(9) —0.0048(9) —0.0168(9)
0(3) 2i 0.4034(2)  —0.1309(1)  1.9374(1)  0.030(1) 0.0224(9)  0.015509) -0.0041(7)  0.0013(7)  —0.0092(7)
o) 2i 0.3615(2)  0.0013(1)  1.7905(1)  0.031(1) 0.024(1) 0.022(1) 0.0049(8)  —0.0013(8)  —0.0097(8)
o(5) 2i 0.5482(2)  0.0486(1)  0.9061(1)  0.0222(9)  0.0217(9)  0.0152(9) —0.0054(7)  0.0021(7) —0.0041(7)
0(6) 2i 0.73922)  0.1286(1)  0.8857(1)  0.0231(9)  0.029(1) 0.0157(9)  —0.0062(7)  —0.0026(7)  —0.0049(8)
o(7) 2i 0.7045(2)  0.4498(2)  0.0825(1)  0.047(1) 0.048(1) 0.019(1) 0.018(1) 0.0000(9)  —0.008(1)
0o(8) 2i 0.5636(2)  0.6043(2)  0.0407(2)  0.051(1) 0.033(1) 0.030(1) 0.005(1) 0.008(1)  —0.009(1)
0(9) 2i 1.1036(2)  —0.0410(2)  0.9353(1)  0.0208(9)  0.042(1) 0.02009) —0.0076(8) —0.0028(7) —0.0158(9)
o(10) 2 0.8864(2) —0.0882(1)  0.9498(1)  0.0191(9)  0.0261(9)  0.0139(9) —0.0050(7)  0.0034(7)  —0.0077(7)
o(1l) 2 0.9046(2)  0.2752(1)  0.1105(1)  0.037(1) 0.0208(9)  0.0161(9) —0.0080(8) —0.0035(8)  —0.0045(8)
o(12) 2 1.0103(2)  04157(1)  0.0869(1)  0.035(1) 0.02109)  0.0172(9) —0.0114(8) —0.0029(8)  0.0004(8)
o(3) 2 0.6403(2) —0.1877(2)  1.0338(2)  0.025(1) 0.027(1) 0.051(1) 0.0007(8)  —0.0106(9)  —0.018(1)
o(14) 2 1.0496(2)  0.3159(2) -0.0717(1)  0.046(1) 0.028(1) 0.017(1) 0.0111(9)  0.0013(9)  —0.0063(8)
o(1s) 2 0.8986(2)  0.4837(1) -02187(1)  0.044(1) 0.024(1) 0.0166(9)  0.0114(8) —0.0046(8) —0.0076(8)
o(16) 2 0.6865(2)  0.5753(1) —0.1172(1)  0.037(1) 0.030(1) 0.0119(9)  0.0110(8) —0.0002(8)  —0.0046(8)
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Table 3. Continued.

Atom Site X y b4 Ui Un Uss Uz Ui U
O(17) 2i 0.7155(2) 0.3267(2) —-0.0580(2) 0.037(1) 0.027(1) 0.046(1) —0.0090(9) -0.0075(9) -0.012(1)
N(1) 2i 0.7585(2) —0.3358(2) 1.6385(2) 0.028(1) 0.023(1) 0.014(1) 0.0052(9) -0.0033(9) —-0.0075(9)
N(Q) 2i 0.6752(2) —-0.2799(2) 1.6892(2) 0.029(1) 0.024(1) 0.012(1) 0.0026(9) 0.0000(9) —-0.0074(9)
NQ@3) 2i 0.5504(2) 0.3376(2) 0.5398(2) 0.034(1) 0.048(2) 0.016(1) —0.016(1) —0.003(1) —0.001(1)
N#4) 2i 0.5397(3) 0.3955(2) 0.4372(2) 0.036(1) 0.055(2) 0.019(1) —0.016(1) —0.006(1) —0.002(1)
N(5) 2i 0.9993(2) 0.0953(2) 0.5727(2) 0.028(1) 0.038(1) 0.013(1) —0.010(1) -0.0018(9)  —0.002(1)
N(6) 2i 0.9958(2) 0.1492(2) 0.4692(2) 0.030(1) 0.037(1) 0.013(1) —0.012(1) —0.0004(9)  -0.002(1)
C(1) 2i 0.8398(3) —-0.2542(2) 1.2582(2) 0.023(1) 0.023(1) 0.016(1) —0.005(1) —0.001(1) —0.008(1)
C(2) 2i 0.7734(3) -0.2341(2) 1.3477(2) 0.025(1) 0.025(1) 0.013(1) 0.006(1) —0.004(1) —0.006(1)
C(3) 2i 0.7545(3) -0.2831(2) 1.5423(2) 0.023(1) 0.017(1) 0.016(1) 0.002(1) —0.004(1) —0.007(1)
C4) 2i 0.6107(3) —0.1886(2) 1.6300(2) 0.023(1) 0.018(1) 0.013(1) —0.001(1) 0.000(1) —0.005(1)
C(5) 2i 0.4843(3) -0.1687(2) 1.7970(2) 0.039(2) 0.023(1) 0.016(1) 0.004(1) 0.001(1) —0.008(1)
C(6) 2i 0.4107(2)  —-0.0929(2) 1.8426(2) 0.018(1) 0.022(1) 0.021(1) —0.003(1) 0.002(1) -0.010(1)
C(7) 2i 0.6287(2) 0.1226(2) 0.8532(2) 0.019(1) 0.019(1) 0.012(1) 0.001(1) 0.002(1) -0.007(1)
C(8) 2i 0.5851(3) 0.2017(2) 0.7518(2) 0.023(1) 0.029(1) 0.018(1) —0.005(1) —0.002(1) —0.002(1)
C9) 2i 0.6711(3) 0.3436(2) 0.5659(2) 0.035(2) 0.023(1) 0.016(1) —0.009(1) —0.002(1) —0.002(1)
C(10) 2i 0.6530(3) 0.4415(2) 0.3929(2) 0.034(2) 0.027(1) 0.016(1) —0.008(1) —0.003(1) —0.006(1)
C(11) 2i 0.5607(3) 0.4794(2) 0.2122(2) 0.028(1) 0.044(2) 0.018(1) —0.008(1) 0.001(1) -0.014(1)
C(12) 2i 0.6133(3) 0.5131(2) 0.1038(2) 0.028(1) 0.037(2) 0.019(1) —0.008(1) 0.003(1) -0.015(1)
C(13) 2i 0.9951(2) -0.0436(2) 0.8989(2) 0.019(1) 0.021(1) 0.018(1) —0.002(1) 0.002(1) -0.011(1)
C(14) 2i 0.9951(3) 0.0103(2) 0.7870(2) 0.022(1) 0.035(2) 0.017(1) —0.010(1) —0.001(1) —0.008(1)
C(15) 2i 0.8809(3) 0.0550(2) 0.6156(2) 0.026(1) 0.024(1) 0.012(1) —0.004(1) 0.000(1) —0.006(1)
C(16) 2i 0.8756(3) 0.1472(2) 0.4402(2) 0.026(1) 0.021(1) 0.012(1) —0.008(1) 0.001(1) —0.003(1)
C(17) 2i 0.9754(3) 0.2821(2) 0.2556(2) 0.032(1) 0.028(1) 0.015(1) —0.013(1) —0.002(1) —0.003(1)
C(18) 2i 0.9624(2) 0.3247(2) 0.1454(2) 0.019(1) 0.016(1) 0.016(1) 0.0010(9)  -0.001(1) —0.003(1)

Acknowledgments. This work was supported by the Foundation for Young
Backbone Teacher of Henan Colleges and Universities in 2008 (grant nos.
102, 198), the Natural Science Research Assistance Program from the
Education Department of Henan Province (grant nos. 2009A150007,
2009A430024), and the Base and Cutting-edge Technology Research Project
of Henan Province (grant no. 092300410033), which are gratefully acknowl-
edged.

References

1. Hill,R.J.; Long, D. L.; Champness, N. R.; Hubberstey, P.; Schroder, M.:
New approaches to the analysis of high connectivity materials: design
frameworks based upon 4% and 6°- subnet tectons. Acc. Chem. Res. 38
(2005) 335-348.

2. Seidel, S. R.; Stang, P. J.: High-symmetry coordination cages via self-
assembly. Acc. Chem. Res. 35 (2002) 972-983.

3. Carlucci, L.; Ciani, G.; Proserpio, D. M.: Polycatenation, polythreading
and polyknotting in coordination network Chemistry. Coord. Chem. Rev.
246 (2003) 247-289.

4. Wu, C. D.; Hu, A.; Zhang, L.; Lin, W.: A homochiral porous metal-
organic framework for highly enantioselective heterogeneous asymmetric
catalysis. J. Am. Chem. Soc. 127 (2005) 8940-8941.

5. Erxleben, A.: Structures and properties of Zn(II) coordination polymers.
Coord. Chem. Rev. 246 (2003) 203-228.

6. Roesky, H. W.; Andruh, M.: The interplay of coordinative, hydrogen
bonding and 7z stacking interactions in sustaining supramolecular solid-
state architectures.: a study case of bis(4-pyridyl) and bis(4-pyridyl-N-
oxide) tectons. Coord. Chem. Rev. 236 (2003) 91-119.

7. Ghosh, S. K.; Ribas, J.; Bharadwaj, P. K.: Characterization of 3-D metal-
organic frameworks formed through hydrogen bonding interactions of 2-
D networks with rectangular voids by Co™- and Nill-pyridine-2,6-
dicarboxylate and 4,4-bipyridine or 1,2-di(pyridyl)ethylene. Cryst.
Growth Des. 5 (2005) 623-629.

8. Zhang,J.P.; Chen, X. M.: Crystal engineering of binary metal imidazolate
and triazolate frameworks. Chem. Commun. (2006) 1689-1699.

9. Serre, C.; Millange, F.; Thouvenot, C.; Nogues, M.; Marsolier, G.; Louer,
D.; Ferey, G.: Very large breathing effect in the first nanoporous chro-
mium(IID)-based solids: MIL-53 or Cr'(OH) - {02C-C¢H4-CO>} -
{HO2C-CgH4-CO2H }x - (H20)y. J. Am. Chem. Soc. 124 (2002) 13519-
13526.

10. Wei, Y. Q.; Yu, Y. F.; Wu, K. C.: Highly stable five-coordinated Mn(II)
polymer [Mn(Hbidc)], (Hbidc = 1H-benzimidazole-5,6-dicarboxylate):
crystal structure, antiferromegnetic property, and strong long-lived lumi-
nescence. Cryst. Growth Des. 8 (2008) 2087-2089.

11.Ma, Y.; Cheng, A. L.; Zhang, J. Y.; Yue, Q.; Gao, E. Q.: One-, two-, and
three-dimensional coordination polymers of stilbenedicarboxylate with
different metal ions. Cryst. Growth Des. 9 (2009) 867-873.

12.Zou, R. Q.; Sakurai, H.; Han, S.; Zhong, R. Q.; Xu, Q.: Probing the lewis
acid sites and CO catalytic oxidation activity of the porous metal-organic
polymer [Cu(5-methylisophthalate)]. J. Am. Chem. Soc. 129 (2007)
8402-8403.

13.Zhu, H. F.; Zhang, Z. H.; Okamura, T. A.; Sun, W. Y.; Ueyama, N.: Syn-
theses, structure and properties of two-dimensional alkaline earth metal
complexes with flexible tripodal tricarboxylate ligands. Cryst. Growth
Des. 5 (2005) 177-182.

14. Wang, Y. T.; Zhang,L.P.;Fan, Y. T.; Hou, H. W_; Shen, X. Q.: Hydrother-
mal syntheses, structures and properties of five rare earth coordination
polymers with (1,3,4-thiadiazole-2,5-diyldithio)diacetic acid. Inorg.
Chim. Acta 360 (2007) 2958-2966.

15. Sheldrick, G. M.: SHELXS-97. Program for the Solution of Crystal Struc-
tures. University of Gottingen, Germany 1997.

16. Sheldrick, G. M.: SHELXL-97. Program for the Refinement of Crystal
Structures. University of Gottingen, Germany 1997.

17. Sheldrick, G. M.: SHELXTL. Structure Determination Software Suite.
Version 6.14. Bruker AXS, Madison, Wisconsin, USA 2000.



