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Abstract This paper presents novel and distinctive Copper(I) iodide polymers with
intriguing structure motifs, constructed from 1, 4-bis(imidazole-1-ylmethyl)benzene
(bix). Treatment of bix with Cul generated [(Cuyly)(bix),], 1, whose X-ray single
crystal structural determination revealed a novel 2-D battlement-like sheet structure
with square grids based on distorted cubane-like Cuyl, clusters. The structural fea-
tures and photoluminescence of the complexes are discussed. The present finding
may provide insight into the coordination versatility of copper(I) halide clusters with
N-donor ligands and an inspiration for the self-assembly of novel supramolecular
networks based on copper(I) halide clusters.

Keywords Crystal structure - Supramolecular - (4,4) Topology -
Luminescence

Introduction

Although inorganic supramolecular networks and coordination polymers have
received ever-increasing interest not only because of their potentials as functional
materials but also of their intriguing variety of architectures and topologies [1],
generating polymetallic coordination networks with interesting supramolecular
solid-state architectures remains a great challenge. Recently, numerous studies have
been concerned on the polynuclear Cu(I)-halide discrete complexes containing
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organic ligands, such as pyridine, substituted pyridine, piperidine, benzimidazole,
4,4'-diamino-diphenylmethane, 4,4'-diaminodiphenyl ether [2]. However, few
difunctional ligands have been adopted to construct polymeric architectures based
on Cu(I)-halide clusters particularly Cuyly cluster dimer [3].

Numerous polymeric compounds containing grid-like sheets with (4,4) or (6,3)
topology have been reported over recent years [1b, 4]. It is a tradition that the design
of the grid-like sheets rests on the directing coordination instructions, which are
based on the coordination geometry of the metal ion and the structure of the ligand’s
coordination sites. The polymeric compounds with clusters acting as nodes of the
grids and the bidentate pyridyl-based ligands as the edges are rare. In particular,
those involving Cuyly clusters have not been seen before. Our research interest is to
construct new complexes with larger grid frameworks supported by Cu(I)-halide
clusters and N-donor ligands and then stake the grid sheets together through the
interlayer n—n interactions to form 3-D networks. In the previous literatures, bix
ligands have shown to be able to coordinate to metal centers in various configurations
providing remarkable polyrotaxane-like polymers as well as other interesting
networks [5]. Therefore, a highly flexible N-donor ligand bix was employed to react
with Cu(I)-iodide under hydrothermal condition. In this reaction, we obtained a novel
compound [(Cuyly)(bix),],, 1, which has a 2-D battlement-like sheet structure with
square grids based on distorted cubane-like Cuyl, clusters. In this paper we report the
syntheses, structures and luminescent properties of compounds 1.

Experimental
Preparation of Polymer [(Cuyly)(bix),], (1). (1)

Compound 1 was hydrothermally synthesized under autogenous pressure. A mixture
of Cul (38 mg, 0.2 mmol), bix (55 mg, 0.2 mmol), concentrated KI solution (6 mL)
and CH;OH (4 mL) was sealed in a 20 mL Telflon-lined autoclave, which was
heated to 160 °C for 3 days. After slow cooling to room temperature, gray yellow
crystals of 1 were obtained by filtration. The crystals were washed with distilled
water several times and finally dried in air. Yield, 80% (based on Cu). Anal. Calc.
For 1: C, 27.16; H, 2.28; N, 9.05%; Found: C, 27.24; H, 2.20; N, 9.75%. IR (KBr
pellet, cm™"): 3117(w), 2924(w), 1615(w), 1516(s), 1432(m), 1352(w), 1278(m),
1231(s), 1105(s), 1080(m), 1029(m), 938(w), 825(m), 746(s), 656(s), 627(W).

Characterization

All chemical reagents were commercially available. Ligand bix was prepared as
described in the literature [Sa]. Elemental analyses of C, H and N were carried out by
Elemental Vario EL IIl microanalyzer. The IR spectra were recorded on a PerkinElmer
Spectrum One FT-IR spectrometer using KBr pellet technique in the range of 3200-
4000 cm ™. Thermogravimetric analyses were carried out on a NETZSCH STA 449C
unit at a heating rate of 15 °C/min under a nitrogen atmosphere. Fluorescent analyses
were performed on an Edinburgh Instruments analyzer model FLS920.
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Determination of Crystal Structure

Suitable crystals of 1 (0.20 x 0.15 x 0.10 mm) was used for X-ray analyse. Data
collections were performed on a Rigaku mercury CCD diffractometer with graphite-
monochromated MoK radiation (A = 0.71073 A). Empirical absorption corrections
were applied by using the SADABS program [6] for the Siemens area detector. The
structures were solved by direct methods, refined by full-matrix least-squares methods.
The Cu and I atoms were located from the E-map and all non-hydrogen atoms were
derived from the successive difference Fourier syntheses. All the hydrogen atoms were
calculated on the ideal positions and refined isotropically and all non-hydrogen atoms
were refined anisotropically. The programs for structure solution and refinement are
SHELXS-97 [7] and SHELXL-97 [8], respectively. The crystallographic data, selected
bond lengths and angles for 1 is listed in the Tables 1 and 2.

Table 1 Crystal data and

structure refinement for the title Compound 1
compound Empirical formula C,gHogCuylyNg
Formula weight 1238.34
Temperature (K) 293(2)
Crystal system Triclinic
Space group P-1
a(A) 8.9527(9)
b (A) 14.0753(1)
¢ (A) 14.7257(1)
o (°) 92.329(7)
B 97.681(7)
AQ) 90.567(5)
V(A% 1837.2(3)
VA 2
D, (gem™) 2239
F (000) 1160
Refinement method Full-matrix least-squares on F2
] Goodness-of-fit on F> 1.118
; 11;2' = [”v‘:&'%'g 5;'{']‘7[ (:/II;(F?,)Z]] ,  Final R indices [I > 20()]" R, = 0.0526, wR, = 0.0972
Table 2 Selected bond lengths 1
(A) and angles (°) for the title
compound N1-Cu7 1.999(7) Cu5-11-Cu6 60.31(3)
N3-Cu5 2.010(6) Cu6-12-Cu7 59.05(3)
N5-Cu6 2.008(6) Cu7-13-Cu8 59.06(3)
N7-Cu8 1.992(6) Cu5-14—Cu8 59.99(3)
Cu5-Cu6 2.6902(1) Cu5-Cu6-Cu7 60.55(4)
Cu6-Cu7 2.6589(1) Cu6-Cu7-Cu8 61.63(4)
Cu7-Cu8 2.6488(1) Cu5-Cu8-Cu7 61.13(4)
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Results and Discussion
Synthesis

Complexes 1 was synthesized in high yield as gray yellow crystals from the
hydrothermal reactions of the bix ligands and Cul with a metal-to-ligand ratio of 1:1.
Concentrated KI solution was used to increase the solubility of Cul. The crystals are
stable in air for a long period and insoluble in water and common organic solvents.

Structure Description

Single crystal X-ray diffraction analysis reveals that 1 is a non-interpenetrated 2D
grids complex in which bix acts as a u,-bridging ligand to link the distorted cubane-
like Cuyly clusters. As depicted in Fig. 1, the repeating tetrameric skeletal core
brings together four Cu® cations and four I~ anions in a distorted cubane
arrangement. Coordination of the copper atoms in 1 is a distorted NI; tetrahedral
geometry with each copper atom bonding to three iodide atoms and completed by a
nitrogen atom of the bix ligand. All the bond lengths and bond angles of the Cuyly
units in 1 gre normal [2b]. The Cy—Cu bond lengths, ranging from 2.6488(2) to
2.7188(1) A (average value 2.678 A), are within the range suggested by Mehrotra
and Hoffman [9]. Each cubane-like Cuyl, unit is linked by four bix ligands in trans
conformation to its four neighboring clusters, thus affording a 2D sheet with (4,4)
grid units. The grid-like [(Cuyly)4(bix)4] units can be viewed as the basic building
blocks of the structure, in which the apices are occupied by the Cuyly clusters and

Fig. 1 The building block

of 1 with 30% probability
Ellipsoids (the hydrogen
atoms were omitted for clarity)
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Fig. 2 A 2-D layer with the square grid network in 1

the sides by the bix ligands. The grid motif has the dimensions of
14.726 x 14.075 A (based on the distances of Cuyly centers), the diagonals are
19.953 and 20.780 A, and the interior angles are 87.7 and 92.3°, respectively
(Fig. 2). Although the square grid network is one of the most frequently
encountered types of coordination networks with ditopic spacers, there are a
limited number of multidimensional examples containing linked cubane tetramers
[3a, b]. Contrary to the fruitful productions containing the bix ligand [5a, b, c, 10]
there are no interlocks exhibit in compound 1. Probably the steric hindrance of the
Cuyly clusters prevent the interpenetrating in the compound.

It should be noted that the actual structure of the 2-D layer in 1 is battlement-like
(Fig. 3a), which is different from the previous complexes with coplanar, quasi-
coplanar and wavelike basic grids [11]. The convex surface of one layer is immersed
into the concave surface of an adjacent layer to form a striking 3-D brick-wall
configuration from b or c-direction via strong n—7 interactions between the parallel
aromatic imidazole rings of the bix ligands that belong to adjacent sheets (the offset
face to face separation of ca. 3.3 A, the centroid—centroid distance of ca.3.5 10\) [12].
As a result, the grid layers are staked in an offset fashion along a-direction with the
cavity of each layer being blocked by the neighboring layers (Fig. 3b).

Thermogravimetric and Luminescent Analysis

The thermogravimetric analyses showed drastic decompositions in the temperature
range 339-392 °C for 1. It exhibited no obvious weight loss up to ca. 340 °C,
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Fig. 3 (a) The battlement-like
layers (b) The tightly packed
structure along the a-direction
in 1, only two layers are shown
for clarity

indicating good thermal stability for 1 (Fig. 4). Such characteristic may due to its
topological structure.

Among earlier studies, photophysical properties of discrete Cu(I)-halide com-
plexes have been reported [2a, 13], but few luminescence based on multidimensional

Fig. 4 TG curve of 1 under 100
flowing N, with a heating rate 1
of 15 °C/min 90 -
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Fig. 5 Solid-state emission 7 604
spectra (solid line) and excited J 396

spectra (dash line) of 1 at room «/
temperature

Intensity

T T T T T T T
200 300 400 500 600 700 800
Wavelength nm

Cu(I)-halide clusters were studied. Figure 5 depicts solid-state luminescent spectra
of 1 at room temperature. Emission spectrum of 1 shows strong photoluminescence,
with emission maximum at 604 nm [Aex = 396 nm, T = 8.129 us (7 is lifetime)].
Compared to other Cu(I) halide compounds [14], from the structural profile, energy,
and lifetime of the emissions of 1, the emission can be assigned to phosphorescence
and may be originate from a cluster-centered (CC) excited state and Cu' d-s[14]. The
free ligands biX (Lex, max = 350 nm, Aem, max = 392 nm) are strongly photolumi-
nescent, but they do not display any significant photoluminescent behavior in 1. This
phenomenon may be attributed to the effect of the metal centers on the ligands [15].

Conclusion

In our research, we have first synthesized by hydrothermal reactions the novel
supramolecular complexes of Cu(I) clusters and imidazole-containing ligands with
(4,4) topology. The results are significant not only for producing the novel
architecture of Cul clusters but also for further exploration of Cu(I) halide clusters
through introducing new synthetic route.

Supporting Information

Supplementary data associated with this article are included. Crystallographic data
(excluding structure factors) for the structures reported in this paper have been
deposited with the Cambridge Crystallographic Data Centre as supplementary
publication number: CCDC 294081 (1). Copies of the data can be obtained free of
charge on application to CCDC, 12, Union Road, Cambridge CB2 1EZ, UK (fax:
+44-1223-336033; e-mail: deposit@ccdc.cam.ac.uk).
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