This article was downloaded by: [Renmin University of China]

On: 13 October 2013, At: 10:30

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Journal of Coordination Chemistry

EﬂGEEI.jM:"LTJDN Publication details, including instructions for authors and

subscription information:
CHEMISTRY http://www.tandfonline.com/loi/gco020

A 2-D tetrazole-based zZn(ll)

.y coordination polymer: crystal

5“.' -j-" structure, dielectric constant, and
e luminescence

“ Li-Zhuang Chen ? , Jun Zou ? , Yan-Min Gao # , Sheng Wan # & Mei-
Na Huang *

& School of Material Science and Engineering , Jiangsu University
of Science and Technology , Zhenjiang 212003, P.R. China
Published online: 18 Feb 2011.

To cite this article: Li-Zhuang Chen , Jun Zou , Yan-Min Gao , Sheng Wan & Mei-Na Huang
(2011) A 2-D tetrazole-based Zn(Il) coordination polymer: crystal structure, dielectric
constant, and luminescence, Journal of Coordination Chemistry, 64:4, 715-724, DOI:
10.1080/00958972.2011.554978

To link to this article: http://dx.doi.org/10.1080/00958972.2011.554978

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the
“Content™) contained in the publications on our platform. However, Taylor & Francis,
our agents, and our licensors make no representations or warranties whatsoever as to
the accuracy, completeness, or suitability for any purpose of the Content. Any opinions
and views expressed in this publication are the opinions and views of the authors,

and are not the views of or endorsed by Taylor & Francis. The accuracy of the Content
should not be relied upon and should be independently verified with primary sources
of information. Taylor and Francis shall not be liable for any losses, actions, claims,
proceedings, demands, costs, expenses, damages, and other liabilities whatsoever or
howsoever caused arising directly or indirectly in connection with, in relation to or arising
out of the use of the Content.

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden. Terms &



http://www.tandfonline.com/loi/gcoo20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00958972.2011.554978
http://dx.doi.org/10.1080/00958972.2011.554978

Downloaded by [Renmin University of China] at 10:30 13 October 2013

Conditions of access and use can be found at http://www.tandfonline.com/page/terms-
and-conditions



http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Renmin University of China] at 10:30 13 October 2013

Journal of Coordination Chemistry e Taylor & Francis
Vol. 64, No. 4, 20 February 201 1, 715-724 Taylor & Francis Group

A 2-D tetrazole-based Zn(II) coordination polymer: crystal
structure, dielectric constant, and luminescence

LI-ZHUANG CHEN*, JUN ZOU, YAN-MIN GAO, SHENG WAN and
MEI-NA HUANG

School of Material Science and Engineering, Jiangsu University of Science and Technology,
Zhenjiang 212003, P.R. China

(Received 12 May 2010, in final form 3 December 2010)

A tetrazole-based Zn(II) coordination polymer, [Zn(TMPT),], (1) (TMPT =5-(4-((1H-1,2,
4-triazol-1-yl)methyl)phenyl)-2H-tetrazole), was synthesized by in situ reaction of 4-((1H-1,2,
4-triazol-1-yl)methyl)benzonitrile, Zn(NOs),- 6H,O, and NaN; under hydrothermal conditions
and structurally characterized by single-crystal X-ray diffraction. Complex 1 contains m—m
stacking interactions between tetrazole rings and phenyl rings of the 2-D ordered layered
structural framework, which contribute to the dielectric response. In addition, 1 was
demonstrated to display strong blue fluorescence emissions in the solid state at room
temperature.

Keywords: Zn(Il) complex; Tetrazole; Dielectric constant; Fluorescence; 7—m Stacking

1. Introduction

Design of a metal-organic framework via selection of metals and multifunctional
ligands is attractive due to their fascinating structural diversities and potential
applications as functional materials [I1-14]. The tetrazole has found a wide range of
applications in coordination chemistry as ligands, in medicinal chemistry as a
metabolically stable surrogate for carboxylic acid groups, and in material science as
high-density energy materials [15]. Of interest to supramolecular chemists is the
coordination ability of the tetrazolyl through the four nitrogen donors that allows it to
serve as a multidentate or bridging building block in supramolecular assemblies [16].
Sharpless and his coworkers [17] developed a new, safe, and convenient method for the
synthesis of 5-substituted-1H-tetrazoles through [2 + 3] cycloaddition of organic nitriles
and azide salt using Lewis acid catalyst. The in situ generation of bridging ligands
through hydrothermal techniques has proven to be a powerful approach for the
synthesis of coordination polymers as high-quality single crystals [18]. To construct
high-dimensional metal-tetrazolate materials, a good strategy is to utilize different
functional groups to functionalized tetrazolate, such as carboxylate, amino and pyridyl,
introduced in 5-substituted tetrazoles and derivatives, making coordination chemistry
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Scheme 1. Synthesis of compound 1.

of tetrazoles more abundant and complicated [19]. In this context we used
Zn(NO3),-6H,0 as a Lewis acid to conduct the [2+ 3] cycloaddition in situ between
organic nitriles and azide salt to synthesize a bifunctional ligand simultaneously
containing triazole and tetrazole groups, as shown in scheme 1, 5-(4-((1H-1,2,4-triazol-
1-yl)methyl)phenyl)-2H-tetrazole (TMPT) which is used in the assembly of metal
complexes. In this article, we report the synthesis, structure, dielectric constant, and
luminescent properties of a 2-D coordination polymer, [Zn(TMPT),], (1).

2. Experimental

2.1. Materials and physical measurements

Chemicals and solvents were commercially obtained from Aldrich and used without
purification. Infrared (IR) spectra were recorded on a SHIMADZU IRprestige-21
FTIR-8400S spectrometer in the spectral range 4000-400cm™', with potassium
bromide pellets. The solid-state fluorescence spectra were recorded on a
SHIMADZU RF-5301PC. Powder X-ray diffraction (XRD) data were collected with
a Siemens D5005 diffractometer with Cu-Ke radiation (A =1.5418 A). UV absorption
was measured at room temperature using a SHIMADZU UV-2450 UV-VIS spectro-
photometer. Dielectric constant was conducted using an automatic impedance
TongHui2828 Analyzer with frequency of 20Hz to 1MHz, and pellet sample was
made through a pressure of 8.0 MPa. Thermogravimetric analyses (TGA) were
performed on a TGA V5.1A Dupont 2100 instrument heating from room temperature

to 740°C under N, with a heating rate of 20°C min™".

2.2. Preparation of 1

TMBN (1 mmol, 0.18 g), Zn(NO3), - 6H,O (1 mmol, 0.29 g), and NaN3 (3 mmol, 0.19 g)
were placed in a thick Pyrex tube (ca 20 cm in length). After addition of water (2mL)
and ethanol (1 mL), the tube was frozen with liquid N, evacuated under vacuum and
sealed with a torch. The tube was heated at 120°C for 3 days, after slow cooling to room
temperature, colorless block crystals were obtained in 56% yield based on TMBN.
TMBN was prepared by the method reported in the literature [20]. IR spectrum of
1: 3124(m), 3084(m), 3041(m), 3001(m), 2947(w), 1529(s), 1450(s), 1349(m), 1321(m),
1280(s), 1247(m), 1236(m), 1109(s), 1032(m), 997(m), 943(w), 905(w), 862(m), 825(m),
742(s), 705(m), 669(m), 634(m). Anal. Caled for C,gH 4N14Zn (%): C, 46.39; H, 3.11;
N, 37.87. Found (%): C, 46.31; H, 3.08; N, 37.75.
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Table 1. Selected bond lengths (A) and angles (°) of 1.

Zn(1)-N(2)' 1.972(2) Zn(1)-N(Q2)_ 1.972(2)
Zn(1)-N(6)' 2.001(2) Zn(1)-N(6)" 2.001(2)
N(2)'-Zn(1)-N(2) 109.61(14) N(2)'Zn(1)-N(6)" 108.40(9)
N(@2)-Zn(1)-N(6)" 108.66(9) N(Q2)H-Zn(1)-N(6)" 108.66(9)
N(Q2)-Zn(1)-N(6)" 108.40(9) N(6)~Zn(1)-N(6)" 113.06(14)
N(3)-N(2)-Zn(1) 126.03(19) N(1)-N(2)-Zn(1) 122.32(18)
C(9)-N(6)-Zn(1)" 128.71(19) C(10)-N(6)-Zn(1)" 128.2(2)

Symmetry transformations used to generate equivalent atoms: '0.5 —x, 0.5—y, —0.5 + z; i_0.54x,05-y,
—z;M—x,y, =05—2"0.5—x,05—y, 0.5+ z

2.3. Single-crystal XRD measurements

Crystal data for 1: CyoH ¢N4Zn, M =517.84, orthorhombic, Pbcn, a= 16.579(2)A,
h=9.5355(11) A, c=13.8432(18) A, a=90°, B=90°, y=90°, V'=2188.5(5)A>, Z=4,
F(000)=1056, GOF =1.120, R; =0.0495, wR, =0.1193 [I > 20([)]. Data collection of
1 was performed with Mo-Ka radiation (A=0.71073 A) on a Rigaku SCXmini
diffractometer by the w scan technique at room temperature. The structure was
solved by direct methods and refined with full-matrix least-squares using SHELXTL-97
[21]. All non-H atoms and hydrogens were refined anisotropically. Hydrogens
were placed in geometrically idealized positions and constrained to ride on their
parent atoms with Ujso(H)=1.2U. Selected bond distances and angles are given in
table 1.

3. Results and discussion

3.1. Spectral properties

In the IR spectrum of 1, a diagnostic peak of the cyano group at 2200 cm ™' disappeared
and peaks at 1529 and 1450cm ™' emerged, suggesting the formation of a tetrazole
group, in good agreement with our previous studies [16, 19a].

UV spectra of the ligand and 1 studied in the solid state at room temperature
(Supplementary material) show that both the ligand and complex exhibit absorption
bands at 200400 nm. After coordination, the absorption peaks slightly red shift, owing
to the formation of the large conjugated system, consisting of phenyl rings and tetrazole
rings. The spectral analyses are consistent with the crystal structure.

3.2. Powder XRD pattern

The agreement between the experimental and simulated XRD patterns indicate the
phase purity of 1 (figure 1). The difference in reflection intensities between the simulated
and experimental patterns was due to the variation in preferred orientation for the
powder sample during collection of the experimental XRD data.
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Figure 1. Powder XRD pattern of 1 where the lower line is single-crystal diffraction-simulated pattern.

3.3. Description of the crystal structure

Single-crystal X-ray analysis reveals that 1 crystallized in the orthorhombic, group
Pbcn. The asymmetric unit of 1 consists of one crystallographically independent Zn(II)
and two deprotonated TMPT ligands. The coordination environment of 1 with atomic
labeling is shown in figure 2. The Zn coordinates to four nitrogens, two equivalent (N2,
N2 are from the tetrazole ring and the other two (N6', N6') are from the triazole ring.
[Symmetry codes: 0.5—x,0.5 -y, =0.547z; i_0.5+x,0.5 -y, —z i, y, —0.5—z].
The geometry around Zn is slightly distorted tetrahedral. The angles at Zn fall in the
range 108.40(9)-113.06(14)°. The bond lengths of Znl-N2 and Zn1-N6 are 1.972(2)
and 2.001(2) A, respectively, comparable to those found in tetrazole-based tetrahedral
Zn coordination polymers with the same coordination mode [16, 22]. The tetrazole rings
and phenyl ring are nearly coplanar, the dihedral angle between two planes (the
tetrazole rings and phenyl ring) is about 5.136(77)°. The dihedral angle between the
triazole ring planes and phenyl ring planes is about 72.189(86)°.

From a topological perspective, each Zn may be considered as a four-connecting node,
which links equivalent four-connecting centers through bridging TMPT. Since each of
these ligands is only two-connecting, they are only considered as connections and not
nodes. Consequently, this results in the formation of a 2-D wavy sheet with (4,4)
topology (figures 3 and 4). The 2-D network structure consists of distorted rhombic grids
in which the Zn---Zn distance bridged by TMPT is 11.7307(9) A, the torsion angle of
Zn---Zn---Zn---Zn in rhombic grids is 43.240(3)°. Moreover, n—m stacking interactions
are found between tetrazole rings and phenyl rings with centroid—centroid separations of
3.770 A (figure 5). The intermolecular interactions induce the 2-D sheet to a 3-D
overlapped array, suggesting that 77— interactions stabilize the extended structure.

The Zn(II) adopts a tetrahedral coordination with four nitrogens, which has been
observed in a few crystal structures of bistriazole-based complexes [23]. Recently 1-D
zigzag chain and 1-D double chain zinc coordination polymers with btp ligand (btp=1,
3-bis(1,2,4-triazol-1-yl)propane) have been reported, respectively, by Zhu et al. [24] and
Feng et al. [25]. In order to balance valence state, anions (ClO, , BF,, NCS™, [N(CN),]")
were usually added as auxiliary ligands. As a result, they can behave either as a guest
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Figure 2. View of the coordination environment of Zn(II) in 1. Symmetry codes: 0.5-x,05—y, —0.5+z;
"—054+x, 05—y, —z; "—x, y, —=0.5—z.
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Figure 3. View of the 2-D network structure of 1.
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Figure 4. Schematic description of the (4,4)-connected 2-D network of 1.

Figure 5. The 3-D supramolecular architecture via 7— stacking interactions of 1.

species to fill in the cavities or as coligands forming mixed-ligand metal complexes.
However, in 1, no anions (NOj and Nj) or solvent as auxiliary ligands take part in
coordination; Zn only coordinates to four nitrogens from TMPT. The tetrazole easily
deprotonates in situ hydrothermal method, coordinating with metal ions in the con-
struction of metal-organic frameworks [26]. This suggests that we can construct porous
materials and avoid anions in the cavities through selecting tetrazole ligands [11, 27].

3.4. Fluorescence

Aromatic organic molecules, organic polymers, and mixed inorganic—organic hybrid
coordination polymers have been investigated for fluorescence and applications as
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Figure 6. Fluorescent emission spectrum of 1 in the solid state at room temperature (the left spectrum is an
excitation spectrum).

fluorescence-emitting materials [28]. Organic materials affect wavelength emissions such
that the syntheses of inorganic—organic coordination polymers by judicious choice of
organic spacers and metal centers (Zn, Cd, Pb, Ca, B, etc.) can be an efficient method to
obtain luminescent materials [29]. Of particular interest is the photoluminescent spectra
of powdered 1, as shown in figure 6, the solid-state fluorescence spectra of 1 at room
temperature reveal maximal emission peaks at 380 nm (with A, =340 nm), suggesting
that 1 may be a good blue-light-emitting material. The photoluminescent mechanism is
tentatively attributed to ligand-to-ligand transitions, in reasonable agreement with the
literature examples on this class of metal complexes [13, 16].

3.5. Permittivity property

Research on new dielectric constant (¢) materials has attracted increasing interest
because of their potential applications in resonators, filters, and other key components
in microwave communication systems [30]. Much of the attention in this field has
focused on developing inorganic dielectric material [31, 32]. In contrast, studies toward
developing dielectric materials based on organic and metal-organic compound (MOC)
have remained sparse [33]. Recently, our group has done research on hybrid inorganic—
organic dielectric materials. Compounds with temperature-dependent dielectric con-
stant which rapidly fluctuates may be potential phase transition, piezoelectric,
ferroelectric materials [34-37].

The complex permittivity (¢ =&, —ig;, in which & and &, are the corresponding real
and imaginary parts of the dielectric constant and dielectric dissipation factor
D =tand =¢&,/e;) of powdered samples of 1 in the form of pellets were measured with
a Tonghui TH2828A. The frequency dependence of permittivity was taken at room
temperature as shown in figure 6; &, at a lower frequency reaches a maximum value 9
(200 Hz), which drops to 4 at a relatively higher frequency of 1 MHz. This behavior is
similar to that found for the perovskite-related oxide CaCu;TizO;, [38] and the
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previously reported homochiral zinc-quitenine coordination polymer [39]; both show a
significant decline. Dielectric dissipation measurement reveals a similar trend (figure 7).
This behavior would be supported by the presence of dipolar layer vibration [40], in
agreement with the presence of 7—m stacking interactions between tetrazole rings and
phenyl rings of 2-D layered structural framework. Dipolar layer vibration relaxation at
low frequencies would be consistent with the direction change of alternating electric
field (AEF). However, in the higher frequencies, the dipole reversal cannot keep up with
the AEF frequency change, so the &, values become smaller gradually with the increase
in frequency, and tend to remain unchanged at higher frequencies [38]. The temperature
dependence of the diclectric constant at different frequency range shows that the
dielectric constants (e1) gradually increase with the rise in temperature (100-375K) as
shown in figure 8. As the frequency increases from 10*— 10°— 10°Hz, a continuous

10
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ERR L 2
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Figure 7. The dielectric constants and dielectric dissipation of frequency dependence at a frequency range of
200 Hz—1 MHz at 293 K.
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Figure 8. The dielectric constants of temperature dependence from 100 to 375 K at different frequency range
(10kHZ, 100kHZ, 1 MHz).
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increase in frequency results in a gradual decrease in dielectric constant. At 1 MHz, the
dielectric constants (&) have smaller change, increasing from 2.9 to 5.8 than the change
from 2.9 to 7.9 at 10kHZ in the measured temperature range, consistent with the low
dielectric dissipation (&»/e;) behavior at higher frequencies and further supporting the
presence of a dipolar layer relaxation process.

3.6. Thermal analyses

TGA shows 1 has high stability, as shown in Supplementary material. Between 18°C
and 328°C, there appeared a plateau which showed the 2-D framework was stable up to
328°C and then began to decompose with a continuous weight loss up to 690°C,
showing a weight loss of 83.4% from 328°C to 690°C.

In summary, we have synthesized and structurally characterized a tetrazole-based
Zn(Il) coordination polymer with a wavy 2-D network. Complex 1 contains m—m
stacking interactions between tetrazole rings and phenyl rings of the 2-D ordered
layered structural framework, which contribute to the dielectric response. In addition, 1
displays strong blue fluorescence emissions in the solid state at room temperature,
suggesting that it may be a blue-light-emitting material.

Supplementary material

CCDC 741392 contains the supplementary crystallographic data of 1 for this article.
These data can be obtained free of charge from the Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data_request/cif.

Acknowledgments

This work was financially supported by the National Natural Science Foundation of
China and Jiangsu province NSF (BK2008029).

References

[1] B.H. Ye, M.L. Tong, X.M. Chen. Coord. Chem. Rev., 249, 545 (2005).

[2] ANN. Khlobystov, A.J. Blake, N.R. Champness, D.A. Lemenovskii, A.G. Majouga, N.V. Zyk,
M. Schroder. Coord. Chem. Rev., 222, 155 (2001).

[3] H.X. Li, Z.G. Ren, Y. Zhang, W.H. Zhang, J.P. Lang, Q. Shen. J. Am. Chem. Soc., 127, 1122 (2005).

[4] O.R. Evans, W. Lin. Acc. Chem. Res., 35, 511 (2002).

[5] S.R. Batten, K.S. Murray. Coord. Chem. Rev., 246, 103 (2003).

[6] M. Eddaoudi, D.B. Moler, H. Li, B.L. Chen, T. Reineke, M. O’Keeffe, O.M. Yaghi. Acc. Chem. Res., 34,
319 (2001).

[7] R. Matsuda, R. Kitaura, S. Kitagawa, Y. Kubota, T.C. Kobayashi, S. Horike, M. Takata. J. Am. Chem.
Soc., 126, 14063 (2004).

[8] S. Kitagawa, R. Kitaura, S. Noro. Angew. Chem. Int. Ed., 43, 2334 (2004).

[9] O.M. Yaghi, M. O’Keeffe, N.W. Ockwing, H.K. Chae, M. Eddaoudi, J. Kim. Nature, 423, 705 (2003).



Downloaded by [Renmin University of China] at 10:30 13 October 2013

724 L.-Z. Chen et al.

[10] M. Xue, S.Q. Ma, Z. Jin, R.M. Schaffino, G.S. Zhu, E.B. Lobkovsky, S.L. Qiu, B.L. Chen. Inorg. Chem.,
47, 6825 (2008).

[11] H. Zhao, Z.R. Qu, H.Y. Ye, R.G. Xiong. Chem. Soc. Rev., 37, 84 (2008).

[12] R.G. Xiong, X. Xue, H. Zhao, X.Z. You, B.F. Abrahams, Z.L. Xue. Angew. Chem. Int. Ed., 41, 3800
(2002).

[13] Q. Ye, Y.M. Song, G.X. Wang, D.W. Fu, K. Chen, P.W.H. Chan, J.S. Zhu, D.S. Huang, R.G. Xiong.
J. Am. Chem. Soc., 128, 6554 (2006).

[14] M.L. Tong, X.M. Chen, B.H. Ye, L.N. Ji. Angew. Chem. Int. Ed., 38, 2237 (1999).

[15] (a) S.J. Wittenberger. Org. Prep. Proced. Int., 26, 499 (1994); (b) J.V. Dunica, M.E. Pierce, J.B. Santella
IIL. J. Org. Chem., 56, 2395 (1991); (c) S.J. Wittenberger, B.G. Donner. J. Org. Chem., 58, 4139 (1993);
(d) D.P. Curran, S. Hadida, S.Y. Kim. Tetrahedron, 55, 8997 (1999).

[16] X.S. Wang, Y.Z. Tang, X.F. Huang, Z.R. Qu, C.M. Che, P.W.H. Chan, R.G. Xiong. Inorg. Chem., 44,
5278 (2005).

[17] (a) Z.P. Demko, K.B. Sharpless. J. Org. Chem., 66, 7945 (2001); (b) Z.P. Demko, K.B. Sharpless.
Org. Lett., 3, 4091 (2001).

[18] (a) A.J. Blake, N.R. Champness, S.S.M. Chung, W.S. Li, M. Schroder. Chem. Commun., 1675 (1997);
(b) R.G. Xiong, J. Zhang, Z.F. Chen, X.Z. You, C.M. Che, H.K. Fun. J. Chem. Soc., Dalton Trans., 780
(2001); (c) J. Zhang, W. Lin, Z.F. Chen., R.G. Xiong, B.F. Abrahams, H.K. Fun. J. Chem. Soc., Dalton
Trans., 1804 (2001); (d) X.M. Zhang, M.L. Tong, X.M. Chen. Angew. Chem., Int. Ed., 41, 1029 (2002);
(e) N. Zheng, X. Bu, P.J. Feng. J. Am. Chem. Soc., 124, 9688 (2002).

[19] (a) X. Xue, X.S. Wang, L.Z. Wang, R.G. Xiong, B.F. Abrahams, X.Z. You, Z.L. Xue, C.M. Che. Inorg.
Chem., 41, 6544 (2002); (b) X. He, C.Z. Lu, D.Q. Yuan. Inorg. Chem., 45, 5760 (2006); (c) F. He,
M.L. Tong, X.L. Yu, X.M. Chen. Inorg. Chem., 44, 559 (2005); (d) G.W. Yang, Y.S. Ma, Q.Y. Li, Y.
Zhou, G.Q. Gu, Y. Wu, R.X. Yuan. J. Coord. Chem., 62, 1766 (2009).

[20] X.R. Meng, Y.L. Song, H.W. Hou, H.Y. Han, B. Xiao, Y.T. Fan, Y. Zhu. Inorg. Chem., 43, 3528 (2004).

[21] (a) G.M. Sheldrick. SHELXS-97, Program for Crystal Structure Solution, University of Gottingen,
Germany (1997); (b) G.M. Sheldrick. SHELXL-97, Program for Crystal Structure Refinement, University
of Gottingen, Germany (1997).

[22] Q.Y. Chen, Y. Li, F.K. Zheng, W.Q. Zou, M.F. Wu, G.C. Guo, A.Q. Wu, J.S. Huang. Inorg. Chem.
Commun., 11, 969 (2008).

[23] (a) B.X. Dong, Q. Xu. Cryst. Growth Des., 9, 2776 (2009); (b) S.L. Li, Y.Q. Lan, J.F. Ma, J. Yang,
X.H. Wang, Z.M. Su. Inorg. Chem., 46, 8283 (2007); (c) Y.M. Zhang, Y.P. Zhang, B.L. Li, Y. Zhang.
Acta Crystallogr., Sect. C, 63, m120 (2007).

[24] X. Zhu, K. Liu, Y. Yang, B.L. Li, Y. Zhang. J. Coord. Chem., 62, 2358 (2009).

] W. Feng, R.N. Chang, J.Y. Wang, E.C. Yang, X.J. Zhao. J. Coord. Chem., 63, 250 (2010).

[26] G.H. Xu, T. Hang, K.J. Pan, Q. Ye. J. Coord. Chem., 62, 2457 (2009).

[27] M. Dinca, A. Dailly, Y. Liu, C.M. Brown, D.A. Neumann, J.R. Long. J. Am. Chem. Soc., 128, 16876
(2006).

[28] U.H.F. Bunz. Chem. Rev., 100, 1605 (2000).

[29] (a) D.M. Ciurtin, N.G. Pschirer, M.D. Smith, U.H.F. Bunz, H.C. zur Loye. Chem. Mater., 13, 2743
(2001); (b) E. Cariati, X. Bu, P.C. Ford. Chem. Mater., 12, 3385 (2000); (c) F. Wiirthner, A. Sautte.
Chem. Commun., 445 (2000); (d) Y.B. Dong, P. Wang, R.Q. Huan, M.D. Smith. Inorg. Chem., 43, 4727
(2004).

[30] T.A. Vanderah. Nature, 298, 1182 (2002).

[31] C.C. Homes, T.S. Vogt, M.S. Shapiro, A.P. Ramirez. Science, 293, 673 (2001).

[32] H. Hughes, M.M.B. Allix, C.A. Bridges, J.B. Claridge, X. Kuang, H. Niu, S. Taylor, W. Song,
M.J.J. Rosseinsky. J. Am. Chem. Soc., 127, 13790 (2005).

[33] (a) H.Y. Ye, D.W. Fu, Y. Zhang, W. Zhang, R.G. Xiong, S.D. Huang. J. Am. Chem. Soc., 131, 42
(2009); (b) Q. Ye, H. Zhao, Z.R. Qu, D.W. Fu, R.G. Xiong, Y.P. Cui, T. Akutagawa, P.W.H. Chan,
T. Nakamura. Angew. Chem. Int. Ed., 46, 6852 (2007); (c) D.W. Fu, Y.M. Song, G.X. Wang, Q. Ye, R.G.
Xiong, T. Akutagawa, T. Nakamura, P.W.H. Chan, S.D. Huang. J. Am. Chem. Soc., 129, 5346 (2007).

[34] L.Z. Chen, H. Zhao, J.Z. Ge, R.G. Xiong, H.-W. Hu. Cryst. Growth Des., 9, 3828 (2009).

[35] W. Zhang, L.Z. Chen, R.G. Xiong, T. Nakamura, S.P. Huang. J. Am. Chem. Soc., 131, 12544 (2009).

[36] H.Y. Ye, L.Z. Chen, R.G. Xiong. Acta Cryst., B66, 387 (2010).

[37] T. Zhang, L.Z. Chen, M. Gou, Y.H. Li, D.W. Fu, R.G. Xiong. Cryst. Growth Des., 10, 1025 (2010).

] M.A. Subramanian, D. Li, N. Duan, B.A. Reisner, A.W.J. Sleight. Solid State Chem., 151, 323 (2000).

] Y.Z. Tang, X.F. Huang, Y.M. Song, P.W.H. Chan, R.G. Xiong. Inorg. Chem., 45, 4868 (2006).

] D.W. Fu, H.Y. Ye, Q. Ye, K.J. Pan, R.G. Xiong. Dalton Trans., 874 (2008).



