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INTRODUCTION

Attention has been focused on the rapidly expanding field
of supramolecular chemistry and crystal engineering of the
metal-organic frameworks (MOFs) during the past decades
because of their intriguing network topologies as well as their
potential application as functional materials in many areas such
as catalysis, magnetism, gas storage and separation, nonlinear
optics, drug delivery, sensing, etc.1-15. The range and variety
of the self-assembling structures relies on the presence of
suitable metal-ligand interactions and supramolecular contacts,
i.e., hydrogen bonding, π···π stacking interactions and other
weak interactions.

Exploring highly symmetrical multitopic ligands and
suitable metal salts to construct supramolecular architectures
is of great interest. Tetrazoles with various interesting coordi-
nation chemistry and a strong networking ability have been
extensively used as organic linkers for construction novel
MOFs. Remarkably, as aminotetrazoles have highest content
of nitrogen among the organic substances and show surpri-
singly high thermal stabilities, 5-amino-1H-tetrazole (ATZ)
also received most attention in the literature and is used as a
gas generator and key intermediate in many organic synthesis16-19.

Although tetrazoles were used to assemble many MOFs
with intriguing structures and properties, they were rarely
utilized as multifunctional organic linkers mixed with carbo-
xylate group for generating MOFs. The mixed-ligand assembly
approach has been widely adopted for the generation of new
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networks. Accordingly, our efforts on assembling novel
structural MOFs are using tetrazoles and carboxyl mixed-
ligands. In this work, ATZ with 1,4-benzenedicarboxylate
(H2bdc) were employed to construct a photoluminescent metal-
organic frameworks. The compound, namely [Zn2(H2bdc)
(ATZ)2.5(H2O)·2(H2O)], characterized by single-crystal X-ray
diffraction analysis, powder X-ray diffraction and thermogravi-
metric analysis. Furthermore, the luminescent property of
complex 1 was investigated.

EXPERIMENTAL

All commercially available reagents and solvents purchased
were used without further purification. Thermal stability
studies were carried out on a NETSCHZ STA-449C simulta-
neous TG-DSC thermoanalyzer with a heating rate of 15 °C
min-1 in N2 atmosphere. X-ray powder diffraction (XRD) patterns
of 1 were collected on a MiniFlex-II diffractometer.

Preparation of compound: A mixture of Zn(NO3)2·6H2O
(0.1586 g, 0.54 mmol), 1,4-dimethylpiperazine (0.0350 g 0.31
mmol), 5-amino-1H-tetrazole (ATZ, 0.0531 g, 0.63 mmol),
1,4-benzenedicarboxylate(H2bdc, 0.0509 g, 0.31 mmol), tetra-
methylammonium bromide (0.0298 g 0.20 mmol), 3-amino-
1-propanol (0.50 g, 5.56 mmol), methanol (3 mL) and N,N-
dimethylacetamide (DMA, 3 mL) in a 20 mL Teflon-lined
stainless steel vessel was heated at 100 °C for 72 h, and then
cooled to room temperature. The resulting colourless trans-
parent crystals were obtained, washed using acetone, and dried
at room temperature.
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X-crystallography: Suitable single crystals of 1

[Zn2(H2bdc)(ATZ)2.5(H2O)·2(H2O)] were carefully selected
under an optical microscope and glued to thin glass fibers.
Whereafter, single-crystal X-ray diffraction analyses were
performed on a computer-controlled XCalibur E CCD diffrac-
tometer with graphite-monochromated MoKα radiation (λMoKα

= 0.71073 Å) at T = 293.2 K. Empirical absorption corrections
were made using the SADABS program20. The structures were
solved using the direct method and refined by full-matrix least-
squares methods on F2 by using the SHELX-97 program pack-
age21. All non-hydrogen atoms were refined anisotropically,
and hydrogen atoms attached to carbon or nitrogen atoms were
fixed at their ideal positions.

RESULTS AND DISCUSSION

Single crystal X-ray analysis revealed that compound 1
crystallizes in the space group Pbcm. In the structure of 1, the
asymmetric unit consists of two independent Zn centers with
the same coordination geometries, two and a half 5-amino-
1H-tetrazole, one 1,4-benzenedicar-boxylate, one coordinated
water molecule, and two lattice water molecule. As illustrated
in Fig. 1a, two metal Zn centers adopt identical coordination
modes. Zn1 center is four-coordinate with tetrahedron geo-
metric configuration by one carboxylate oxygen atom from
one H2bdc ligand, three nitrogen atoms of three ATZ ligands,
while Zn2 center is also four-coordinate with tetrahedron
geometric configuration: Zn2 is four-coordinated by two oxygen
atoms from water molecule and H2bdc ligand, respectively,
two nitrogen atoms of two ATZ ligands. The Zn-N lengths are
in the range of 1.988-2.032 Å, and the Zn-O bond lengths
vary from 1.930 to 2.010 Å.

In compound 1, each ATZ ligand connects two Zn(Zn1
and Zn2) ions to form a chain, while the adjacent two chains
are further linked by ATZ connecting two Zn centers resulting
in a 1D neutral polymeric double chain (Fig. 1b). These 1D
double chains are bridged by two monodentate carboxylate
groups from one H2bdc ligand, generating a two-dimensional
framework. Furthermore, the parallel stacking of the layers
results in a three-dimensional framework (Fig. 2a), and there
are no obvious interactions between the layers (Fig. 2b). From
the viewpoint of topology, each simple framework in 1 can be
topologically represented as a 2-nodal (3,4)-connected net by
reducing each Zn ion as a 3- and 4-connected node, the ATZ
and bdc ligands as linear connectors, which the framework
can be abstracted as a 2-nodal 3,4-connected new topological
net (Fig. 3).

Fig. 1. (a) Coordination environment around the Zn atoms in 1; (b) the neutral
polymeric double chain of 1. Hydrogen atoms are omitted for clarity

Fig. 2. (a) Perspective view of the two-dimensional sheet of 1; (b) The
three-dimensional framework of 1 formed by the parallel stacking
of the 2D layers. Hydrogen atoms are omitted for clarity

Fig. 3. Topological representation of the 3,4-connected new net in 1

Thermogravimetric analysis: The phase purity of 1 was
confirmed by similarities between its simulated and experi-
mental powder X-ray diffraction (Fig. 4a). The experimental
powder X-ray diffraction patterns correspond well with the
simulated result from the single crystal data, indicating phase
purity of 1.

The thermal stabilities of 1 was investigated on poly-
crystalline samples by the thermogravimetric analyses (TGA)
under a N2 atmosphere with a heating rate of 10 °C min-1 from
30 to 650 °C (Fig. 4b). The thermogravimetric curve of 1 is
unchanged up to 100 °C. Beyond this temperature, the first
weight loss of 4.04 % from 100 to 130 °C corresponds to the
loss of water molecules. The second step of weight loss from
160 to 220 °C corresponds to the removal of the dissociative
DMA solvents. The observed weight loss of 10.86 % is in
agreement with the calculated value of 10.61 %. Above 220 °C,
the weight loss is due to the decomposition of the ATZ and
H2bdc organic ligands, accompanying the collapse of the whole
framework.
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Luminescent properties: Luminescence compounds are
currently of great interest due to their various applications in
chemical sensors, photochemistry, and electroluminescence
displays22-27. Many studies have shown that MOFs with Zn
ions exhibit photoluminescence properties. The luminescent
emission spectrum of compound 1 in the solid state at room
temperature is shown in Fig. 5. Intense photoluminescence
emissions for 1 is observed at 450 nm (λex = 375 nm), while
the ATZ and H2bdc ligands show luminescence in the range of
480-550 nm and 350-420 nm, respectively.
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Fig. 5. Luminescent emission spectra of 1 in the solid state at room
temperature

Since the fluorescence is basically caused by intra ligand
electron transition in complexes containing Zn(II) ion which
adopt d10 configuration, the fluorescent properties of organic
ligands will directly and greatly determine the fluorescence
of their corresponding coordination compounds. The emission
band of compound 1 is significantly different compared to
those of the free organic ligands. Thus, the emission band of
compound 1 is attributed to ligand-to-metal-charge-transfer
(LMCT). Both ATZ and H2bdc ligands show contribution to
the fluorescence of compound 1 simultaneously. These obser-
vations suggest that the compound 1 could be anticipated as
potential fluorescent material.

In
te

n
s
it
y
 (

a
.u

.)

(a) (b)

2  (°)θ Temperature (°C)

10 20 30 40 50 60 0 100 200 300 400 500 600

1-as-synthesized

1-simulated

T
G

 (
%

)

100

90

80

70

60

50

Fig. 4. (a) Characterization of bulk phase of 1 by XRD; (b) the TGA plots of 1

Conclusion

In summary, by employing 5-amino-1H-tetrazole and 1,4-
benzenedicarboxylate organic ligands, we have constructed a
novel structural MOFs under solvothermal conditions. The title
compound possesses good luminescent property and may
find potential applications in the fields of lighting, displays or
biomedicine.
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