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Hydrothermal syntheses and crystal structures of

two Zn(II) complexes with 1-substituted-1H-[1,2,

3]-triazole-4-carboxylic acid

HONG ZHAO*, JIN-MEI CHEN, JIN-RUI LIN and WEN-XIANG WANG

School of Chemistry and Chemical Engineering, Southeast University,
Nanjing 211189, P.R. China

(Received 13 September 2010; in final form 24 June 2011)

Two new Zn(II) complexes, [Zn(L)2(H2O)2] where L is 1-substituted 5-methyl-1H-[1,2,3]-
triazole-4-carboxylic acid, have been synthesized and characterized by elemental analysis,
FT–IR, and solid-state fluorescent emission spectroscopy. Structures have been established by
single-crystal X-ray diffraction, revealing the discrete nature of the complexes in which
Zn centers adopt slightly distorted octahedral geometry. In the complexes, the 1-substituted
5-methyl-1H-[1,2,3]-triazole-4-carboxylic acid is bidentate.

Keywords: Zinc(II) complex; Hydrothermal synthesis; Triazole

1. Introduction

Crystal engineering strategies attempt to predict and control crystal packing arrange-
ments with desired symmetry that will provide a physical property of interest. Since the
structural diversity of coordination polymers mainly comes from the geometry and
topology of ligands, many ligands are synthesized and intensively investigated for
supramolecular architecture. Of the many organic ligands investigated, heterocyclic
carboxylic acids such as pyridine-, pyrazole-, and triazole-carboxylic acids constitute an
important family [1–12]. These acids can act as multiple proton donors and acceptors
and use their carboxylate and nitrogens to coordinate metal ions, forming interesting
network structures.

1-substituted-1H-[1,2,3]-triazole-4-carboxylic acid derivatives [13–16] exhibit antimi-
crobial activity, as inhibitors of human leukocyte elastase, as synthons for the
preparation of antitumor dehydropyrrolizidine alkaloids, and for modification of
nucleosides as antiviral agents. Recently, Zheng et al. [17] synthesized four transition
metal complexes with the in situ formation of unsubstituted [1,2,3]-triazole-4-
carboxylate. Few coordination compounds with 1-substituted-1H-[1,2,3]-triazole-4-
carboxylic acid have been found [18]. We report the synthesis, elemental analyses,
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spectroscopic studies, and crystal structures of two new mononuclear Zn(II) complexes
with 1-substituted-1H-[1,2,3]-triazole-4-carboxylic acid to obtain a deeper insight into
the application of 1-substituted-1H-[1,2,3]-triazole-4-carboxylic acids in crystal
engineering as multi-functional ligands.

2. Experimental

2.1. Reagents and measurements

All chemicals and solvents were commercially available and used without purification.
Elemental analyses for carbon, hydrogen, and nitrogen were performed on a Perkin
Elmer 240C elemental analyzer. IR spectra were obtained with KBr pellets from 4000 to
400 cm�1 using a Shimadzu IRprestige-21 spectrophotometer. 1H-NMR and 13C-NMR
spectra were acquired on a Bruker 300MHz spectrometer. The crystal structures were
determined on a Rigaku SCX mini diffractometer. Luminescence spectra for the solid
samples were investigated with a Shimadzu RF-5301pc fluorescence spectrophotometer.

2.2. Synthesis of the complexes

2.2.1. Synthesis of 1-(4-iodophenyl)-5-methyl-1H-[1,2,3]-triazole-4-carboxylic acid

(HL1). To 4-iodobenzenamine (2.19 g, 10mmol) in concentrated HCl (3.3mL) and
water (10mL), NaNO2 (0.69 g, 10mmol) in water (5mL) was added at 0–5�C. The
mixture was stirred at 0�C for 1 h and then filtered. To the filtrate, NaN3 (0.65 g,
10mmol) in water (5mL) was added dropwise. The reaction mixture was stirred at 0�C
for 1 h, then extracted with Et2O (3� 50mL), and the combined organic layers were
washed with water and dried (Na2SO4) and the solvent was removed under vacuum. To
the resulting residue, ethyl 3-oxobutanoate (1.43 g, 11mmol) was added. Then, NaOEt
(1.02 g, 15mmol) in EtOH (100mL) was added dropwise to the mixture at 0�C. After
addition, the mixture was heated at 90�C for 8 h and then cooled to room temperature.
To the reaction mixture, concentrated HCl at pH� 1 was added. The white precipitate
was collected and washed with water to give the crude product. HL1 was obtained
(2.05 g, 70.5%) after recrystallization from ethanol (95%); IR (KBr; cm�1): 3050(w),
1690(vs), 1559(vs), 1492(vs), 1448(s), 1392(m), 1272(s), 1122(m), 990(s), 926(m), 883(m),
802(m), 782(m), and 509(m). 1H-NMR (DMSO-d6): � 13.17 (br, s, 1H, COOH), 7.98 (d,
2H, J¼ 6.4Hz, phenyl), 7.43 (d, 2H, J¼ 7.83Hz, phenyl), and 2.58 (s, 3H, CH3);

13C-
NMR (DMSO-d6): � 162.9, 139.3, 138.9, 137.1, 135.4, 127.6, 96.7, and 10.27 ppm.

2.2.2. Synthesis of 5-methyl-1-(4-nitrobenzyl)-1H-[1,2,3]-triazole-4-carboxylic acid

(HL
2
). To 1-methyl-3-nitrobenzene (2.74 g, 20mmol) in CCl4 (100mL), N-bromosucci-

nimide (3.56 g, 20mmol) and benzoyl peroxide (0.2 g) were added. The mixture was
heated at 90�C for 20 h and then cooled and filtered. The filtrate was concentrated to
40mL and 1-(bromomethyl)-3-nitrobenzene (3.54 g, 82.5%) was collected by filtration
and recrystallized in EtOH. A mixture of 1-(bromomethyl)-3-nitrobenzene (2.15 g,
10mmol) and NaN3 (0.98 g, 15mmol) in CH3CN (80mL) was heated under reflux for
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24 h, and then cooled and filtered. The solvent was removed under vacuum to give

1-(azidomethyl)-3-nitrobenzene, which was used without purification. To the residue,

ethyl 3-oxobutanoate (1.43 g, 11mmol) was added. Then, NaOEt (1.02 g, 15mmol) in

EtOH (100mL) was added dropwise to the mixture at 0�C. After addition, the mixture

was heated at 90�C for 8 h and then cooled to room temperature. To the reaction

mixture, concentrated HCl at pH� 1 was added. The white precipitate was collected

and washed with water to give crude HL2 (1.73 g, 70%); it was used without further

purification after recrystallization from ethanol (95%). IR (KBr; cm�1): 3150(w),

1695(vs), 1588(m), 1534(vs), 1480(m), 1356(vs), 1265(m), 1250(s), 1218(s), 1096(m),

988(m), 903(m), 805(m), 735(m), and 557(m). 1H-NMR (DMSO-d6): � 13.42 (br, s, 1H,

COOH), 8.15 (m, 2H, phenyl), 7.66 (m, 2H, phenyl), 5.79 (s, 2H, CH2), and 2.61 (s, 3H,

CH3);
13C-NMR (DMSO-d6): � 162.9, 148.1, 139.1, 137.3, 137.1, 134.3, 130.6, 123.2,

122.5, 50.29, and 8.96 ppm.

2.2.3. Synthesis of [ZnL1
2(H2O)2] (1). ZnCl2 (0.136 g, 1mmol) and HL1 (0.658 g,

2mmol) were placed in a thick Pyrex tube (ca 20 cm in length). After the addition of

2.0mL of water, the tube was frozen with liquid N2, evacuated, and sealed with a torch.

The tube was heated at 120�C for 2 days to give colorless prism crystals (pure phase) in

68% yield based on ZnCl2. IR (KBr; cm�1): 3443(w), 1625(s), 1600(s), 1496(m), 1428(s),

1377(m), 1313(s), 1300(m), 1242(m), 1141(m), 1014(w), 831(m), and 765(m). Anal.

Calcd for C20H18I2N6O6Zn (%): C, 33.71; H, 2.39; and N, 11.09. Found (%): C, 33.67;

H, 2.35; and N, 11.12.

2.2.4. Synthesis of [ZnL2
2(H2O)2] (2). ZnCl2 (0.136 g, 1mmol) and HL2 (0.524 g,

2mmol) were placed in a thick Pyrex tube (ca 20 cm in length). After the addition of

2.0mL of water, the tube was frozen with liquid N2, evacuated, and sealed with a torch.

The tube was heated at 120�C for 3 days to give colorless block crystals (pure phase) in

54% yield based on ZnCl2. IR (KBr; cm�1): 3377(w), 1620(s), 1615(s), 1581(s), 1556(m),

1496(m), 1421(m), 1392(s), 1377(m), 1313(w), 1292(w), 1246(w), 1138(m), 1074(m),

1016(m), 835(m), and 769(m). Anal. Calcd for C22H22N8O10Zn (%): C, 42.36; H, 3.55;

and N, 17.96. Found (%): C, 42.29; H, 3.49; and N, 17.89.

2.3. X-ray crystal structure determination

X-ray diffraction data of 1 and 2 were collected on a Rigaku SCX mini diffractometer

using Mo-K� radiation (�¼ 0.71073 Å). The structure was solved by direct methods

with SHELXS-97 and refined by full matrix least squares on F2 with SHELXL-97 [19].

All non-hydrogen atoms were refined with anisotropic thermal parameters. Hydrogens

were added theoretically and refined with a riding model and fixed isotropic thermal

parameters. Detailed data collection and refinements of 1 and 2 are summarized in

table 1. Selected bond lengths and angles are listed in table 2. Relevant hydrogen-

bonding parameters of 1 and 2 are summarized in table 3.
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3. Results and discussion

3.1. Complexes synthesis

Complex 1 was synthesized hydrothermally by treating ZnCl2 and HL1 at 120
�C, while

2 was obtained by treating ZnCl2 and HL2 at the same conditions (scheme 1).

3.2. Structural description of 1 and 2

3.2.1. [ZnL1
2(H2O)2] (1). The crystal structure of 1 shows that each asymmetric unit

contains one L1, one Zn, and one water molecule. The local coordination geometry
around Zn can be described as a slightly distorted octahedron (figure 1). The Zn
coordinates to two water molecules with a Zn–O distance of 2.086(2) Å in the axial
positions and to two carboxylate oxygens and two triazole nitrogens of two L1 ligands
in a trans fashion with a Zn–O distance 2.070(2) Å and a Zn–N distance 2.189(3) Å. The
O1–Zn–O1A angle is 180.00(12)�, whereas the N–Zn–O angles around the Zn center
range from 78.63(10) to 101.37(10)�. In 1, the deprotonated HL1 is bidentate with one
oxygen of carboxylate and one nitrogen of 1,2,3-triazole ring chelating to Zn, resulting
in the formation of a stable five-numbered ring (Zn1–O1–C1–C2–O3). In the crystal
packing of 1, the uncoordinated O2 of carboxylate forms a strong hydrogen bond
(2.712(2) and 2.725(2) Å) with the coordinated water molecule, resulting in a 2-D
network in the ac-plane (figure 2). In the 2-D network, the Zn–Zn distances through

Table 1. Crystallographic data and structure refinement parameters for 1 and 2.

1 2

Empirical formula C20H18I2N6O6Zn C22H22N8O10Zn
Formula weight 757.59 623.85
Temperature (K) 293(2) 293(2)
Crystal system Monoclinic Triclinic
Space group P21/n P�1

Unit cell dimensions (Å, �)
a 7.0965(14) 6.6360(10)
b 26.915(5) 9.0470(15)
c 7.1388(14) 11.409(2)
� 90.00 97.905(7)
� 115.37(3) 97.770(7)
� 90.00 110.188(16)
Volume (Å3), Z 1232.0(5), 2 624.35(18), 1
Calculated density (g cm�3) 2.042 1.659
Absorption coefficient (mm�1) 3.551 1.058
F(000) 728 320
Crystal size (mm3) 0.18� 0.20� 0.25 0.12� 0.18� 0.20
� range for data collection (�) 3.03–27.48 2.75–27.46
Reflections collected 12,716 6372
Independent reflection 2824 2816
Goodness-of-fit on F2 1.106 1.175
Final R indices [I42�(I)] R1¼ 0.0388, wR2¼ 0.0757 R1¼ 0.0297, wR2¼ 0.0820
R indices (all data) R1¼ 0.0524, wR2¼ 0.0804 R1¼ 0.0335, wR2¼ 0.0953
Largest difference peak and hole (e Å�3) 0.563 and �0.848 0.458 and �0.359

R1¼�jjFoj � jFcjj=�jFoj, wR2¼ ½�wðF 2
o � F2

cÞ
2=�wðF 2

o Þ
2
�
1=2.
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intermolecular hydrogen bonding are 7.096(1), 7.139(1), and 7.61(18) Å, respectively.
As shown in figure 3, adjacent layers in 1 stack via 	–	 stacking interactions of phenyl
rings with a centroid-to-centroid distance of 3.858(2) Å. No solvent molecules are
enclathrated in 1.

3.2.2. [ZnL2
2(H2O)2] (2). Complex 2 is isostructural with 1 except that the coordinated

L1 are replaced by L2. The Zn in 2 possesses a slightly distorted octahedral geometry

Table 2. Selected bond lengths (Å) and angles (�) for 1 and 2.

1a

Zn(1)–O(1) 2.070(2) Zn(1)–O(1)#1 2.070(2)
Zn(1)–O(3W) 2.086(2) Zn(1)–O(3W)#1 2.086(2)
Zn(1)–N(3)#1 2.189(3) Zn(1)–N(3) 2.189(3)
C(1)–O(2) 1.251(4) C(1)–O(1) 1.257(4)
C(1)–C(2) 1.485(5) C(2)–N(3) 1.360(4)
C(2)–C(3) 1.381(5) C(3)–N(1) 1.348(5)
C(3)–C(4) 1.495(4) N(1)–N(2) 1.368(4)
N(2)–N(3) 1.297(4) C(8)–I(1) 2.091(4)

O(1)–Zn(1)–O(1)#1 180.00(12) O(1)–Zn(1)–O(3W) 88.27(9)
O(1)#1–Zn(1)–O(3W) 91.73(9) O(1)–Zn(1)–O(3W)#1 91.73(9)
O(1)#1–Zn(1)–O(3W)#1 88.27(9) O(3W)–Zn(1)–O(3W)#1 180.00(12)
O(1)–Zn(1)–N(3)#1 101.37(10) O(1)#1–Zn(1)–N(3)#1 78.63(10)
O(3W)–Zn(1)–N(3)#1 86.44(10) O(3W)#1–Zn(1)–N(3)#1 93.56(10)
O(1)–Zn(1)–N(3) 78.63(10) O(1)#1–Zn(1)–N(3) 101.37(10)
O(3W)–Zn(1)–N(3) 93.56(10) O(3W)#1–Zn(1)–N(3) 86.44(10)
N(3)#1–Zn(1)–N(3) 180.00(12)

2
b

Zn(1)–O(1)#1 2.0719(14) Zn(1)–O(1) 2.0719(14)
Zn(1)–N(1)#1 2.1253(15) Zn(1)–N(1) 2.1253(15)
Zn(1)–O(1W)#1 2.1611(14) Zn(1)–O(1W) 2.1611(14)
C(1)–O(2) 1.234(2) C(1)–O(1) 1.268(2)
C(1)–C(2) 1.494(2) C(2)–C(3) 1.368(2)
C(2)–N(1) 1.353(2) C(3)–N(3) 1.351(2)
C(3)–C(4) 1.491(3) N(1)–N(2) 1.306(2)
N(2)–N(3) 1.350(2)

O(1)#1–Zn(1)–O(1) 180.00(1) O(1)#1–Zn(1)–N(1)#1 78.85(5)
O(1)–Zn(1)–N(1)#1 101.15(5) O(1)#1–Zn(1)–N(1) 101.15(5)
O(1)–Zn(1)–N(1) 78.85(6) N(1)#1–Zn(1)–N(1) 180.00(1)
O(1)#1–Zn(1)–O(1W)#1 85.58(5) O(1)–Zn(1)–O(1W)#1 94.42(5)
N(1)#1–Zn(1)–O(1W) 88.96(6) N(1)–Zn(1)–O(1W)#1 91.04(6)
O(1)#1–Zn(1)–O(1W) 94.42(5) O(1)–Zn(1)–O(1W) 85.58(5)
N(1)#1–Zn(1)–O(1W) 91.04(6) N(1)–Zn(1)–O(1W) 88.96(6)
O(1W)#1–Zn(1)–O(1W) 180.00(1)

aSymmetry transformations used to generate equivalent atoms: #1 2�x, 1� y, �z.
bSymmetry transformations used to generate equivalent atoms: #1A: 2�x, 3� y, 1� z

Table 3. Geometrical parameters of hydrogen bonds in 1 and 2.

Compound D–H � � �A D–H (Å) H � � �A (Å) ffDHA (�) D � � �A (Å) Symmetry code of O

1 O3W–H3F � � �O2 0.768 1.974 161.18 2.712 xþ 1, y, z
O3W–H3E � � �O2 0.956 1.775 172.00 2.725 2�x, 1� y, 1� z

2 O1W–H1F � � �O2 0.820 1.848 174.29 2.665 1�x, 3� y, 1� z
O1W–H1E � � �O4 0.819 2.214 167.81 3.020 2�x, 2� y, 1� z

Zn(II) complexes 2739
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with its equatorial sites occupied by two carboxylate oxygens and two triazole nitrogens
of two L2 and its axial positions are occupied by two water molecules (figure 4). The Zn
centers also form a 2-D network through hydrogen bonding with O1W–H1F � � �O2 and
O1W–H1E � � �O4 (figure 5). The 	–	 stacking interactions are between adjacent triazole
and phenyl rings with centroid-to-centroid distances of 4.163(1) and 4.624(1) Å,
respectively.

3.3. Characterizations of the complexes

3.3.1. IR spectra. Broad bands at 3400 cm�1 suggest that coordination waters are
present [20]. Neither 1 nor 2 shows any strong bands at ca 1700 cm�1, suggesting that

Figure 1. View of 1, with atom numbering scheme. Displacement ellipsoids are drawn at the 30%
probability level; hydrogens are omitted for clarity.

Scheme 1. Synthesis of complexes 1 and 2.

2740 H. Zhao et al.
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Figure 3. Adjacent 2-D layers in 1 as viewed along the c-axis. The 	–	 stacks formed between the phenyl
rings are clearly visible.

Figure 2. Hydrogen bonds formed in 1. Aryl groups and methyl groups are omitted for clarity.

Zn(II) complexes 2741
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Figure 4. View of 2, with atom number scheme. Displacement ellipsoids are drawn at the 30% probability
level; hydrogens are omitted for clarity.

Figure 5. Hydrogen bonds formed in 2. Methyl groups and some hydrogens are omitted for clarity.
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both HL1 and HL2 are deprotonated in the complexes. Strong bands at 1600 and
1581 cm�1 in 1 and 2 may be attributed to the asymmetric stretching (
as) mode of the
carboxylate group and bands at 1373 and 1377 cm�1 represent the symmetric stretching
(
s) mode of this group. The corresponding difference between 
as and 
s are 227 for 1
and 204 for 2, indicating the presence of monodentate carboxylate [20]. Bands at 1625
and 1428 cm�1 for 1 and 1615 and 1421 cm�1 for 2 strongly support the existence of
coordinated N-donors arising from 
C¼N [21]. These conclusions are also supported by
X-ray diffraction measurements.

3.3.2. Luminescent emission spectra. Coordination compounds, especially d10-metals,
have luminescent properties and potential application as photoactive materials [22–26].
The luminescence of 1 and 2 as well as the free ligands was investigated in the solid state
at room temperature (figure 6). The luminescence spectrum of HL1 shows emission at
�max¼ 486 nm upon excitation at 350 nm and �max¼ 419 nm for HL2 ligand
(�ex¼ 350 nm). Complexes 1 and 2 exhibit an intense luminescence emission peak at
405 nm for 1 and �max¼ 398 nm for 2 (�ex¼ 350 nm). In comparison with the ligands,
the emissions of 1 and 2 may be assigned to intraligand (	–	*) fluorescence [27–29].
Both 1 and 2 show purple fluorescent emission and may be used as fluorescent material
for purple-light emitting diode devices.

4. Conclusions

We have synthesized and characterized two new 1-substituted-1H-[1,2,3]-triazole-4-
carboxylic acid ligands and their Zn(II) complexes. Although many Zn(II) complexes

Figure 6. The solid-state photoluminescence spectra of 1, 2 and the free ligands at room temperature.
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containing triazole ligands have been found in the recent literature [30–34], in which
most contain [1,2,4]-triazole derivatives, the Zn(II) complexes derived from
1-substituted 5-methyl-1H-[1,2,3]-triazole-4-carboxylic acid ligands are first reported.
In the complexes, six coordination is completed in each complex by water molecules.
The coordinated water molecules extend those complexes into 2-D structures by
hydrogen bonds. Photoluminescent properties of 1-substituted-1H-[1,2,3]-triazole-4-
carboxylic acid derivatives provide potential application of metal–organic complexes as
photoluminescent materials.

Supplementary material

CCDC-775000 (1) and 777467 (2) contain the supplementary crystallographic data
(excluding structure factor) for this article. These data can be obtained free of charge via
www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic
Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK [Fax: þ44 1223 336 033;
Email: deposit@ccdc.cam.ac.uk].

Acknowledgments

We gratefully acknowledge the financial support of the National Natural Science
Foundation of China (20801012) and the financial support for Young researcher from
Southeast University (4007041027).

References

[1] H.Y. An, Y.G. Li, E.B. Wang, D.R. Xiao, C.Y. Sun, L. Xu. Inorg. Chem., 44, 6062 (2005).
[2] Z.Q. Qin, M.C. Jennings, R.J. Puddephatt, K.W. Muir. Inorg. Chem., 41, 5174 (2002).
[3] P. Teo, L.L. Koh, T.S. Andy Hor. Chem. Commun., 22, 2225 (2007).
[4] R. Sekiya, S. Nishikiori, K. Ogura. J. Am. Chem. Soc., 126, 16587 (2004).
[5] R. Sekiya, S. Nishikiori. Chem. Commun., 24, 2612 (2001).
[6] M.G. Crisp, E.R.T. Tiekink, L.M. Rendina. Inorg. Chem., 42, 1057 (2003).
[7] A. Angeloni, A.G. Orpen. Chem. Commun., 4, 343 (2001).
[8] E. Mateo-Marti, L. Welte, P. Amo-Ochoa, P.J. Sanz Miguel, J. Gomez-Herrero, J.A. Martin-Gago,

F. Zamora. Chem. Commun., 8, 945 (2008).
[9] A. Varadarajan, S.E. Johnson, F.A. Gomez, S. Chakrabarti, C.B. Knobler, M.F. Hawthorne. J. Am.

Chem. Soc., 114, 9003 (1992).
[10] G. Net, J.C. Bayon, P. Esteban, P.G. Rasmussen, A. Alvarez-Larena, J.F. Piniella. Inorg. Chem., 32,

5313 (1993).
[11] Y.F. Yue, J. Liang, E.Q. Gao, C.J. Fang, Z.G. Yan, C.H. Yan. Inorg. Chem., 47, 6115 (2008).
[12] Y.F. Yue, B.W. Wang, E.Q. Gao, C.J. Fang, H. Cheng, C.H. Yan. Chem. Commun., 20, 2034 (2007).
[13] R. Alvarez, S. Velazquez, A. San-Felix, S. Aquaro, E. Clercq, C. Perno, A. Karlsson, J. Balzarini,

M.J. Camarasa. J. Med. Chem., 37, 4185 (1994).
[14] E. Clercq. Med. Res. Rev., 22, 531 (2002).
[15] W.M. Peng, S.Z. Zhu. Tetrahedron, 59, 4395 (2003).
[16] V.O. Gel’mbol’dt, E.V. Ganin, L.V. Koroeva, M.S. Fonar, Yu.A. Simonov, V.Kh. Kravtsov,

Ya. Lipkovskii, V.S. Sergienko, A.A. Ennan. Russ. J. Coord. Chem., 30, 198 (2004).
[17] Z.B. Zheng, R.T. Wu, J.K. Li, Y.F. Sun. J. Mol. Struct., 928, 78 (2009).
[18] J.R. Olson, M. Yamauchi. Inorg. Chim. Acta, 99, 121 (1985).

2744 H. Zhao et al.

D
ow

nl
oa

de
d 

by
 [

R
en

m
in

 U
ni

ve
rs

ity
 o

f 
C

hi
na

] 
at

 1
0:

22
 1

3 
O

ct
ob

er
 2

01
3 



[19] G.M. Sheldrick. SHELXL-97. Program for X-ray Crystal Structure Refinement, University of Göttingen,
Göttingen, Germany (1997).

[20] K. Nakamoto. Infrared and Raman Spectra of Inorganic and Coordination Compounds, 5th Edn, Wiley &
Sons, New York (1997).

[21] J.R. Bao, Y.L. Zhao, X.W. Zhu. Spectrosc. Spect. Anal., 27, 539 (2007).
[22] J.C. Jin, Y.Y. Wang, W.H. Zhang, A.S. Lermontova, E. Kh. Lermontova, Q.Z. Shi. Dalton Trans.,

10181 (2009).
[23] C. Ren, P. Liu, Y.Y. Wang, W.H. Huang, Q.Z. Shi. Eur. J. Inorg. Chem., 5545 (2010).
[24] P. Mahata, S. Natarajan. Eur. J. Inorg. Chem., 2156 (2005).
[25] W.G. Lu, L. Jiang, X.L. Feng, T.B. Lu. Cryst. Growth Des., 6, 564 (2006).
[26] L.L. Wen, Z.D. Lu, J.G. Lin, Z.F. Tian, H.Z. Zhu, Q.J. Meng. Cryst. Growth Des., 7, 93 (2007).
[27] R.G. Xiong, J.L. Zuo, X.Z. You. Organometallics, 19, 4183 (2000).
[28] J. Zhang, W.B. Lin, Z.F. Chen, R.G. Xiong, B.F. Abrahams, H.K. Fun. Dalton Trans., 1806 (2001).
[29] W.X. Wang, H. Zhao. Chin. Inorg. Chem., 26, 1109 (2010).
[30] X. Zhu, K. Liu, Y. Yang, B.L. Li, Y. Zhang. J. Coord. Chem., 62, 2358 (2009).
[31] W. Feng, R.N. Chang, J.Y. Wang, E.C. Yang, X.J. Zhao. J. Coord. Chem., 63, 250 (2010).
[32] C.Y. Ma, Y.F. Guan, A.J. Zhou, J. Wang, W. Dong. J. Coord. Chem., 63, 3565 (2010).
[33] W.J. Chu, H.C. Yao, H.C. Ma, Y. He, Y.T. Fan, H.W. Hou. J. Coord. Chem., 63, 3734 (2010).
[34] L.Z. Chen, J. Zou, Y.M. Gao, S. Wan, M.N. Huang. J. Coord. Chem., 64, 715 (2011).

Zn(II) complexes 2745

D
ow

nl
oa

de
d 

by
 [

R
en

m
in

 U
ni

ve
rs

ity
 o

f 
C

hi
na

] 
at

 1
0:

22
 1

3 
O

ct
ob

er
 2

01
3 


