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Syntheses and Structures of New Ln-Coordination Polymers [Ce(tda)(ox),s(phen)],

with Unusual 5-Connected Node Topology
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Abstract: A novel lanthanide coordination polymer with the formulas [Ce (tda) (0x)os(phen)], (H,tda=thiodiglycolic
acid, Hyox =oxalic acid, phen=1,10-phenanthroline) have been synthesized and structurally characterized. Single
crystal X-ray diffraction studies show that the coordination polymer are a 2D network and exhibit an unprecedented
(4,5)-connected  (4%)(4*-6%, topology, in which the lanthanide ions act as unusual 5-connected nodes, and an edge-
sharing dinuclear polyhedral [Ce,0,N,] was found. Furthermore, through strong 77-7 interactions, the 2D network

structure are cross-linked to generate to generate a 3D upramolecular architectures. CCDC: 764100.
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There continues to be significant interest surro-
unding the synthesis and characterization of metal-
organic frameworks (MOFs) not only because of their
potential applications but also because of the aesthetic
beauty associated with the fascinating coordination
geometry and topology of the networks they form !,
The use of lanthanide metal ions in the synthesis of
metal-organic frameworks has recently gained much

11+,

interes Because of the high coordination nature,

controlling the overall frameworks of lanthanide-based

R B #81.2010-05-24, W& i H #91.2010-09-03
B VS48 0 E T RHIF L 42 (No.2010JK918)  BE V4 # & )T &
FHEE B H 92 55:(No.D2009-125) B¢ B L H

“EIREBER A, E-mail :yadxgnel@126.com, Tel(Fax) :0911-2332037

coordination polymers, undoubtedly, is a challenge.
Up to date, the flexible carboxylic acid ligands have
not been extensively exploited, except for some
limited cases, this is probably because the varied
conformations and geometries of these ligands make it
difficult to forecast and control the final structures!.
Therefore, much more work is required to enrich our
knowledge of lanthanide-based coordination chemistry

of flexible ligands.

On the other hand, up to now, a variety of
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uninodal coordination networks have been well
realized, among which three-, four-, and six-connected
topologies are commonly observed ™. in particular,
only several examples of frameworks with 5-connected
networks have been reported to date!"". Because of
the unique nature of lanthanide ions, such as their
large radius, usually high and variable coordination
numbers, and some of the available coordination sites
often blocked by solvent molecules, lanthanide-based
frameworks might also be considered as an effective
route to construct novel 5-connected topology networks.

To address this issue, we focused on the
synthesis of coordination polymer using thiodiglycolic
acid ligand to coordinate with lanthanide metal ions.
Fortunately, this effort has led to the 2D network
constructed and exhibit an unprecedented (4,5)-
connected (49 (4*- 6%, topology from the Hytda ligand
coordinated to Ce™ ions, namely [Ce(ida)(ox)ys(phen)],
(Hatda =thiodiglycolic acid, H,ox =oxalic acid, phen=
1,10-phenanthroline).

1 Experimental

1.1 Materials and methods

All available solvents and starting materials of
analytical grade except CeCl;+5H,0, in the experiments
were obtained from commercial sources and available
without further purification, the CeCl;-5H,0 were
prepared according to the literature methods!.
Elemental analysis (C, H, N, S) was determined on a
Perkin-Elmer 2400 type elemental analyzer, the rare
earth ion was determined by EDTA volumetric analysis.
Infrared spectra were recorded in a Bruker EQUINOX-
55 spectrophotometer in the range 400~4 000 cm™
using KBr disks. Thermogravimetric analyses were

recorded on a Shimadzu DTG-50 thermal analyzer.

1.2 Syntheses

A mixture of CeCl;-5H,0 (0.3 mmol), Hytda (0.3
mmol), oxalic acid (0.4 mmol), and NaOH (1 mmol)
was dissolved in a mixed solution of distilled water
(10 mL) and ethanol

was stirred for about 60 min at room temperature,

(5 mL). The resulting solution

sealed in a 25 mlL poly (tetrafluoroethylene)-lined
stainless steel autoclave, and heated at 130 °C for 6 d
under autogenous pressure , colorless and prismatic-
shape single crystals of the lanthanide coordination
polymer suitable for X-ray analyses were obtained.
The crystals were collected by filtration, washed with
distilled water and ethanol, and dried at room tempe-
rature in ca. 53.4% yield (based on lanthanide metal).
Elemental analysis: caled. for CeC;H,N,045(%): C
39.65, H 2.22, N 5.86, S 6.05, Ce 27.68; found(%): C
39.84, H 236, N 547, S 6.26, Ce 27.34. FTIR:
Spectra (KBr pellet, em™): v (CH,) 3037, v, (CH,)
2 972, v,(COO) 1588, »,(COO) 1415, v, (H,0) 3453,
v(H,0) 3297, o 1628, v(C-S) 727 and 715.
1.3 Crystal structure determination

Crystal data for the compound was collected
273(2) K using Bruker Smart-1000CCD diffractometer.
Graphite monochromated Mo Koo (A=0.071 073 nm)
radiation was used. The single crystal structure of
compound was solved by direct methods using the
SHELXS-97™ and refined on F? by the full-matrix
least-squares methods using the SHELXL-97 program
package™, All non-hydrogen atoms were refined anis-
otropically and hydrogen atoms were placed in
calculated positions. The crystal data and refinement
details of the compound are summarized in Table 1.
The selected interatomic distances and bond angles
are given in Table 2.

CCDC: 764100.

Table 1 Crystal data and structure refinement for the title complex

Empirical formula CeCHNO6S al (%) 70.866(8)

Formula weight 512.47 B1(° 85.876(7)

Crystal system Triclinic v /(%) 66.626(7)

Space group Pl V/ nm? 0.874 4(7)

a/nm 0.833 2(4) D./ (Mg-m™) 1.946

b / nm 0.933 3(5) 0 range for data collection / (°) 1.66~25.05

¢/ nm 1.2995(6) Indices range (h, k, 1) -Osh<9, -S5=sk=<l1l, -14=<I=<15
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Continued Table 1
A(Mo Ke) / nm 0.071 073 F(000) 500
Reflections collected 4 584 Z 2
Independent reflections 3 056 Final R R=0.021 6, wR,=0.047 7

3056/ 17/244

Data / restraints / parameters

R indices (all data) R,=0.025 1, wR,=0.049 6

Table 2 Selected bond lengths (nm) and angles (°) the title complex

Cel-01 0.247 4(2) Cel-04#2

Cel-05 0.250 7(3) Cel-0643

Cel-04#4 0.280 6(3) Cel-N1
01-Cel-04#2 76.04(8) 04#2-Cel-04#4
02#1-Ce1-06#3 75.30(9) 06#3-Cel1-N2
03#4-Cel-N1 74.06(9) N1-Cel-05

0.245 7(2) Cel-02#1 0.244 8(2)
0.248 9(3) Cel-03#4 0.255 5(3)
0.267 6(3) Cel-N2 0.270 9(3)
77.39(8) 04#4-Cel-02#1 86.89(9)
71.08(9) N1-Cel-N2 61.16(9)
68.85(9) 05-Ce1-01 75.13(9)

Symmetry code: #1: 1-x, 2—y, 1-z; #2: —x, 2+y, 1—z, #3: 1-x,

2 Result and discussion

2.1 Crystal structure of the complex

The single-crystal X-ray diffraction studies revea-
led that the complex [Ce(tda)(ox)os(phen)], represents a
2D network. Each asymmetric unit contains one Ce™
ions, one tda anionic ligands, half of ox anionic ligand,
and one phen ligands, the coordination environments
around Ce™ ion and the numbering scheme of the
compound are illustrated in Fig.1. The Ce* ion is nine-
coordinated in a distorted monocapped square anti-
prism coordination polyhedron!"’. The Ce* ion is coor-
dinated with seven oxygen atoms (01, O2#1 (1-x, 2—y,
1-z), O3#4 (1+x, y, z), O4#4, 04#2 (—x, 2+y, 1-z), OS5,
06#3 (1-x, 1-y, 1-z) from four tda and one ox anionic

ligands and two nitrogen atoms (N1, N2) from one phen

Symmetry code: #1: 1—x, 2—y, 1-z; #2: —x, 24y, 1-z; #3: 1-x, 1-
v, L—z; #4: 14x, y, z; 20% the rmal ellipsoids, the hydrogen

atoms are omitted for clarity

Fig.1 Environment of the Ce* cation in the compound

1-y, 1-z; #4: 14x, y, 2.

ligand. The bridging carboxylic O-Ce bond distances
range from 0.244 8(14) to 0.280 6(15) nm, the average
distance of Ce-O(bridging carboxylic) is 0.256 9 nm, the
bond angles around the central Ce atom fall in the
region 48.15(7)°~149.33(8)°, which are similar to the
reported Ce-O distance and bond angles in other cerium

18 The selected bond distances and bond

complex
angles of the compound are shown in Table 2.

Two types of crystallographically independent tda
ligands with identical carboxylate coordination modes
are present in the framework of the compound, bis(syn,
syn-bridging bidentate, chelating-bridging tridentate)
mode connecting with four Ce centers, meanwhile, the
(syn, syn-chelating

bidentate)

ox anionic ligands adopt a bis

bidentate, syn, syn-chelating mode
connecting with two Ce centers. The tda ligands
provides p,-O atom in a bridging bidentate mode and
carboxyl in syn, syn-bridging bidentate mode, the ox
anionic ligands offers carboxyl in syn, syn-chelating
bidentate mode to bridge Ce atoms, leading to the
formation of 1D infinite metallic chains (along the b
direction) as illustrated in Fig.2. The cerium atoms are
arrayed the basic unit in the order Cel --- Cel --- Cel
with two consecutive Ce---Ce distances of 0.411-31(16),
0.645 30(32) nm, respectively. Three kinds of macrocy-
clic rings, one is four-member ring, one is eight-
member ring, and the other is five-member ring, are

observed in this 1D chains. Interestingly, each tda
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ligand in coordination mode is connected with four Ce**

ions, while each Ce* is connected with four tda ligands
and one ox anionic ligand in different directions.
Hence, through tda ligand in coordination mode, the 1D
metallic chains are further cross-linked to generate a
2D network structure (in ab plane) (Fig.2), in which the
2D network group with
consecutive identical Ce -+ Ce distances of 0.833 2(4)

containing a interval
nm. A noticeable interaction in complex is the strong -
7 stacking between adjacent aromatic benzene rings
from the phen and another outside aromatic benzene
ring from the neighboring hand-shake motif. The
perpendicular distance of the two imidazole rings
is 0.334 09 and 0.336 13 nm, the centroid-centroid
distance between two imidazole rings is 0.367 20 and
(Fig.3). Finally, these 2D

networks, via strong weak interaction, formed a

0.375 35 nm, respectively

complicated 3D supramolecular architectures.

Hydrogen atoms and the phen ligands are omitted for clarity

Fig.2 Two-dimensional network of the compound in

ab plane
M
.
44 033409nmd |
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Fig.3 - stacking interaction in the title complex

A better insight into the nature of the complex
can be achieved by the application of topological
multidimensional

approach, that is, reducing

structures to simple node-and-linker nets. As
discussed above, each Ce center is 5-connected node
through links with four tda ligand and one ox anionic
ligand, likewise, the ligand of tda are 4-connected
node through connected to four cerium ions, the ox
anionic ligand only serves as a 2-connectling spacer.
As a result, a very complicated 2D coordination
framework with (4,5)-connected (49)(4*+6°), topology is

formed (Fig.4).

(@

Ce’* ions

= o
Tda ligand 7/\ =
<

(b)

LTI

Fig4 (a) Schematic representation of the diverse

connected node, (b) 2D coordination

framework with (4,5)-connectivity
2.2 Thermogravimetric analyses

Thermogravimetric analyses for the compound

were performed at a heating rate of 10 “C -min ™
under a static air atmosphere. The thermogravimetric
analysis data show that complexe undergo two weight
loss processes. The phen molecules are removed in a
single step in the temperature range of 410~490 C
for the complexe, the total weight loss for phen
molecules is 35.86% (caled. 35.16%). A further sharp
weight loss was observed from 530 to 770 °C for
complex, the tda and ox anionic ligand are removed,
the final residual mass corresponds to the formation
Cey0s, supported by the expected value of 32.69%
(caled. 32.02% ). That is

decomposition of the compound.

corresponds  to  the
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