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Synthesis and crystal structure of a 1D chain
polyoxometalate-based complex
{[CuI(en)z(HZO)]z{GeW12040[CuH(en)2]} *2.5H,0},,

JINGPING WANG, YUQUAN FENG, PENGTAO MA
and JINGYANG NIU*

School of Chemistry and Chemical Engineering, Institute of Molecular and Crystal
Engineering, Henan University, Kaifeng, 475004, P.R. China

(Received 30 July 2008; in final form 16 September 2008)

A 1-D infinite chain organic-inorganic hybrid compound, [Cul(en),(H,0)]»{GeW,04
[Cu'(en),]} - 2.5H,0, was synthesized hydrothermally and characterized by IR, UV spectro-
scopy, TG analyses, and single-crystal X-ray diffraction. Structural analysis indicates
that neighboring [GeW ,040]*~ polyanions are interconnected by [Cu(3)(en),]*" subunits via
W-0O—Cu(3) bridges, generating a 1D infinite chain structure. Furthermore, the compound
shows photoluminescence in the solid state at room temperature.
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1. Introduction

Polyoxometalates are versatile inorganic building blocks for designing and synthesizing
molecule-based materials [1-5]. Most polyoxometalates have discrete structures of
definite sizes and shapes belonging to well-known structural types, such as Lindquist,
Keggin, Wells-Dawson, Strandberg or Anderson [6]. Linking these discrete entities to
build solid-state materials is of interest not only from a structural point of view, but also
because they have potential applications in catalysis, medicine, electrical conductivity,
and material science [7, 8]. A large number of inorganic-organic polyoxometalates
containing infinitely extended chains constructed by Keggin-type polyanions and
metal-organic cations have been reported [2, 5, 9-18]. Some examples are
[{Ba(DMSO)s(H20)}2(SiM012049)}  [2],  [{Ba(DMSO);(H,0)3}{Ba(DMSO0)s(H,0)
(GeM0,040)}] [2], [{Ca(DMF)s},SiM015040] [13], [La(DMSO)s(H20)}2(PM01,040) -
H,O], [16], [{Pr(DMSO)s(H>0)}>(PM01,040) - CH;CN],  [17],  [{Gd(NMP)s}
(PMo01,040)], [18], [Co(dpa)(OHz),,[Hdpa][PCoW ;03] [10(a)], [Ni(DETA),];
[SiNiW,030] - 2.5H,O [10(b)], and [Hzen]y[Bag 15(H20)(Heny)H; 7[SiNaW,030] -
2H,0 [10b]. As continuation of our work [2, 10(b), 13, 16-18], in this article we
report the hydrothermal synthesis and characterization of an extended 1D chain
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{[Cu'(en)>(H,0)],{GeW,04[Cu''(en),]} - 2.5H,0},, (1) built up from saturated Keggin
polyanions and copper complexes.

2. Experimental

2.1. Materials and physical measurements

H4GeW 1,044 - nH,O was prepared by the literature method [19] and confirmed by IR
spectroscopy. Other reagents were obtained from commercial sources and used without
purification. C, H, and N elemental analyses were performed on a Perkin—Elmer 240C
elemental analyzer. IR spectrum was recorded on a Nicolet 170 FT-IR spectrometer
using KBr pellets from 4000-400cm~'. UV spectra were obtained on a U-4100
spectrometer (distilled water as solvent) from 400-190nm. Emission/excitation
spectrum was recorded on an F-7000 fluorescence spectrophotometer. TG analysis
was performed on a Perkin—Elmer 7 thermal analysis instrument in flowing N, with
a heating rate of 10°Cmin~" from 25 to 800°C.

2.2. Preparation of 1

A mixture of H4GeW;,04-nH>O (0.50¢g), CuCl,-2H,O (0.35g), en (0.5mL), and
water (15mL) was stirred for half an hour in air, then the pH of the mixture was
carefully adjusted to 8.27 with 4 M NaOH, and it was transferred to a Teflon-lined
stainless steel autoclave (30 mL) and kept at 160°C for 10 days. After the mixture slowly
cooled to room temperature, black block crystals were filtered off, washed with distilled
water, and air-dried to give a yield of ca 57% based on H4GeW [,04,-nH>0O. Anal.
Calcd for 1: C, 4.06; H, 1.62; N, 4.73%. Found: C, 4.09; H, 1.58; N, 4.71%.

2.3. X-ray crystallography of 1

Intensity data were collected on a Bruker APEX-II CCD area detector with Mo-Ka
monochromated radiation (4 =0.71073 A) at 296(2) K. The structure was solved by the
direct method and refined by full-matrix least-squares on F? using SHELXTL-97
software [20, 21]. All non-hydrogen atoms were refined anisotropically. Organic
hydrogens were generated geometrically. A summary of crystal data and structure
refinement for 1 is provided in table 1. Selected bond lengths and angles of 1 are listed
in table 2.

3. Results and discussion

3.1. Crystal structure of 1

The structure of 1 consists of a 1D infinite chain built from alternating [GeW,040]*~
and [Cu(en),)*" units, two crystallographically independent [Cu(en),(H,0)]" cations
and 2.5 free H,O molecules (as shown in figure 1).
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Table 1. Crystallographic data structure refinement for 1.

Empirical formula CsHsgCuzGeN 5044 sW o
Molecular weight 3551.96
Crystal system Monoclinic
Space group . C2le
Unit cell dimensions (A, °)
a 21.3268(10)
b 12.4534(5)
¢ 44.441(2)
B, 93.4920(10)
V(A% 11781.2(9)
V4 8
dCulcd (g Cmil) 3.958
Absorption coefficient (mm ™) 24.985
T (K) . 296(2)
Wavelength (A) 0.71073
R[I>20(D)]* 0.0455
Ry, (all data)® 0.0998

Note: “R=X||Fy| — |F||/Z|Fol. "Rw=[Sw(F2 — F2)*/Sw(F2)*]".

Table 2. Selected bond lengths (A) and angles (°) for 1.

Cul-N1 2.017(18) W4-038 2.281(11)
Cul-N2 1.975(17) W5-05 1.688(12)
Cul-N3 2.027(16) W5-038 2.301(11)
Cul-N4 2.007(15) W6-06 1.678(13)
Cul-O1W 2.405(14) W6-038 2.309(11)
Cu2-N5 2.039(19) W7-07 1.698(11)
Cu2-N6 2.03(2) W7-039 2.29(1)
Cu2-N7 2.030(17) W8-08 1.702(12)
Cu2-N8 2.033(17) W8-039 2.261(10)
Cu2-02W 2.39(2) W9-09 1.715(12)
Cu3-N9 2.00(2) W9-039 2.326(10)
Cu3-N10 2.084(16) W10-010 1.655(13)
Cu3-N11 1.970(17) W10-040 2.265(11)
Cu3-NI2 2.052(19) W11-011 1.704(12)
W1-01 1.694(13) W11-040 2.298(11)
W1-037 2.308(10) W12-012 1.687(12)
W2-02 1.701(12) W12-040 2.268(11)
W2-037 2.276(10) Gel-038 1.716(11)
W3-03 1.687(11) Gel-037 1.719(10)
W3-037 2.313(10) Gel-039 1.734(10)
N2 Cul N4 178.2(7) Gel-040 1.745(11)
N2-Cul-NI1 86.4(7) N11-Cu3-N9 179.09)
N2 Cul O1W 88.8(6) N11-Cu3-NI2 84.9(8)
N4-Cul-O1W 92.9(6) 038-Gel-037 108.6(5)
N7-Cu2-N§ 84.0(7) 038-Gel-039 109.0(5)
N6-Cu2-N§ 177.8(9) 037-Gel-039 111.0(5)
N6-Cu2-02W 88.1(9) 038-Gel-040 108.6(5)
N7-Cu2-02W 101.3(9) 037-Gel-040 109.2(5)
W4-04 1.712(12) 039-Gel-040 110.4(5)

There are two copper coordination environments in 1. In the [Cu(3)(en),]*" units, the
coordination number of Cu®"(3) is six, coordinated by four nitrogens from two en
ligands with Cu—N distance of 1.970(17)—2.084(16)1& and N—Cu-N angles of
84.9(8)—179.0(9)°, and two oxygens from [GeW,O4]*" to finish its distorted
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Figure 1. Molecular structure of 1. All water molecules are omitted for clarity.

Figure 2. View of the 1-D chain in 1. Independent [Cu(en),(H,O)]" cations and all isolated water molecules
are omitted for clarity. Color code: WOy, green; CuN4O,, blue.

octahedral coordination environment. In two independent [Cu(en),(H,0)]" cations,
each Cu™ is a distorted pyramidal geometry coordinated by four nitrogens from two en
ligands and one oxygen from water. In addition, structure analysis indicates that
Cu”™(3) connects with two terminal oxygens of [GeW ,040]*" through W(8)-O(8)-
Cu(3)-O(5)-W(5) bridges (with Cu(3)-0s/Cu(3)-Og distance of 2.507(13) A/2.562(11) A
and Os—Cu-Og angles of 163.8(1)°). A 1D infinite chain inorganic—organic hybrid
material is formed (as shown in figure 2). Figure 3 shows the crystal packing of 1 along
the b-axis.

The polyanion in 1 retains the well-known Keggin structure with 7,; point symmetry.
The central Ge, in the form of GeOy, tetrahedron, resides in the polyanion of 1. The
Ge-O distances [1.716(11)—1.745(11)A] and O-Ge-O angles [108.6(5)—110.0 (5)°] are
consistent with the results of a previous paper [22]. The W-O,, W-Oy, and W-O,
distances  vary from  1.655(13)—1.715(12) A,  1.866(11)—1.969(12)A  and
2.261(10)—2.326(10)1& [22]. These results indicate that the GeO, tetrahedron and
WOg octahedra are distorted.
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Figure 3. The crystal packing of 1 along the b-axis.

Bond valence sum (BVS) calculations [23] suggest that all W sites are +6 and Cu(3)
sites are 42 oxidation state (BVScys3)=1.62), while Cu(1) (BVScyy=1.39) and Cu(2)
(BVScy@)=1.31) sites are in the +1 oxidation state. Since the starting reagent is
copper(II), some copper in 1 are +1, under hydrothermal conditions, en serves not only
as a ligand but also as a reducing agent for copper(II).

3.2. IR and UV spectra

In the IR spectrum of 1, there are four characteristic asymmetric vibrations resulting
from polyanions with the Keggin structure, namely, v,s(W—0y), v.s(W—0y), v,s(W-0,),
and v,(Ge-0,), at 948, 869, 774, and 812cm !, respectively. Comparing the IR
spectrum of the title compound with that of HyGeW,049, the W-Oy stretch shifted
from 980 to 948 cm™'; the Ge-O,, W-O,, and W-O, vibrations shifted from 818 to
812cm™", 883 to 869cm ™! and 760 to 774cm ™! [22], indicating that [GeW,040]*" is
affected by the surrounding metal cations. This is in agreement with the result of the
single-crystal X-ray diffraction analysis. In addition, vibrations at 3309, 2891, and
1627cm™" are, respectively, assigned to v, (N-H), v,(C-H) and 8(N-H) of en.
In contrast to free en, the v(C—N) has a red shift from 1000 to 1400 cm ™', demonstrating
coordination of en to Cu. The peak at 3450cm ™" is assigned to water.

The UV absorption spectra of 1 exhibit an obvious weak peak at 258 nm, assigned to
Oy, — W charge transfer (Supplementary material). This peak is characteristic of the
Keggin polyanion [24].

3.3. Fluorescent property

The emission spectrum of 1 in solid state at room temperature (Supplementary
material) exhibits a broad emission band with maximum intensity at 416 nm upon
excitation at about 350 nm, which may be ascribed to MLCT of [Cu(3)(en),]*" [25].

3.4. Thermal properties

The TG curve of 1 showed two weight loss stages (Supplementary material),
giving a total loss of 12.36% in the range of 25-800°C. The first step weight loss
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of 2.23% at 25-124°C corresponds to release of all water molecules (Calcd 2.27%).
The second step weight loss of 10.13% at 270-526°C came from loss of all en
molecules (Caled 10.16%).

Supplementary material

Crystallographic data for the structural analysis reported in this article have been
deposited with the Cambridge Crystallographic Data Centre with the deposited CCDC
No. 696623. Copies of this information may be obtained free of charge from The
Director, CCDC, 12 Union Road, Cambridge, CB2 1EZ, UK (Fax: +44-1223-336033;
Email: deposit@ccdc.cam.ac.uk).
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