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Nanoparticles of a Zn(II) coordination polymer {[Zn(DADMBTZ)(CH3COO)2]n,
DADMBTZ¼ 2,20-diamino-5,50-dimethyl-4,40-bithiazole} were synthesized by reaction of
Zn(NO3)2 � 4H2O, CH3COONH4 and DADMBTZ by a sonochemical method. The nanopar-
ticles were characterized by scanning electron microscopy (SEM), X-ray powder diffraction
(XRD), and Fourier transform infrared (FT-IR) spectroscopy. [Zn(DADMBTZ)(CH3COO)2]n
was structurally characterized by single-crystal X-ray diffraction. In this four-coordinate
compound with nearly C2 symmetry, DADMBTZ is bidentate. The metal lies in a pseudo-
tetrahedral environment and is ligated by the two bithiazole ring nitrogen atoms and an oxygen
from each of the two monodentate acetates; 2-D networks are formed via N–H� � �O hydrogen
bonds. Thermal stability of [Zn(DADMBTZ)(CH3COO)2]n was studied by thermal gravimetric
and differential thermal analyses. A ZnO nanostructure was obtained by direct thermolyses at
500�C under air. The ZnO nanostructure was characterized by SEM, XRD, and FT-IR
spectroscopy.

Keywords: Bithiazole; Nanoparticle; Coordination polymer; Zinc(II) oxide; Sonochemical;
Thermal studies

1. Introduction

Design and preparation of coordination polymers has been widely studied as an
important interface between synthetic chemistry and materials science. The syntheses of
coordination polymers with different metal ions and ligands have led to a range of
potential applications (e.g. molecular wires, electrical conductors, molecular magnets,
in host–guest chemistry, and in catalysis) [1–10]. The d10 Zn2þ is associated with a
flexible coordination environment so that geometries of these complexes can vary from
tetrahedral to octahedral and severe distortions in the ideal polyhedra occur [11–20].
In contrast to inorganic nanomaterials, syntheses of nano-structured metal
coordination polymers are sparse, and to date most investigations on coordination
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polymers are only in the solid state and studies of their properties are limited to the
macroscopic scale. As nanometer-scaled materials often exhibit size-dependent physical
and chemical properties that cannot be observed in their bulk analogs, nano-sized
coordination polymers are interesting candidates for applications in many fields,
including catalysis, molecular adsorption, magnetism, nonlinear optics, luminescence,
and molecular sensing. Some recent studies about nano-scale coordination polymers
were reported [21–28], but they are quite rare.

The development of metal oxide nanostructures has been pursued because of
applications in catalysis, energy storage, magnetic data storage, sensors, and ferro
fluids. ZnO has a band gap of 3.3 eV at room temperature with a free excision binding
energy of 60meV which is important among semiconductor materials for its unique
properties, such as optical transparency, electric conductivity, piezoelectricity, and
near-UV emission. ZnO nanostructures have wide-ranging applications in catalysis,
photocatalysis, field effect transistors, resonators, short-wave optics, gas sensors,
antibacterial agents, solar cell optoelectronic devices, and functional materials [29, 30].

Aromatic heterocyclic polymers containing bithiazole rings are good ligands because
two nitrogen atoms in the bithiazole rings chelate metal ions to form stable five-
membered rings [31, 32]. The use of bithiazole for preparing inorganic nano-structured
coordination polymers has not been investigated thoroughly. This manuscript focuses
on the simple preparation of a new nano-structured Zn(II) coordination polymer,
[Zn(DADMBTZ)(CH3COO)2]n, and its conversion into zinc(II) oxide nanostructure by
calcination.

2. Experimental

With the exception of DADMBTZ, which was prepared by the procedure described
previously [33], all reagents and solvents were commercially available and used as
received. An ultrasonic bath (Tecna 6; 50–60Hz and 138W) was used for ultrasonic
irradiation. 1H NMR spectra were recorded on a Bruker Avance DRS 500 spectrometer
with 1H chemical shifts determined relative to internal TMS. Infrared spectra were
recorded on a Shimadzu IR-60 spectrometer from KBr pellets (4000–370 cm�1).
Electronic absorption spectra were recorded on a Shimadzu UV-Vis 2100 recording
spectrophotometer. Microanalyses were carried out using a Heraeus CHN–O– rapid
analyzer. An ultrasonic bath (Elmasonic; 50–60Hz and 550W) was used for ultrasonic
irradiation. Melting points were measured on an Electrothermal 9100 apparatus and are
uncorrected. The measurements were performed using a PL-STA 1500 Thermal/
Sciences in static air, with �-Al2O3 as the reference compound, at a heating rate of
5Kmin�1. In a ceramic crucible, 200mg samples were contained. Melting point was
measured on an Electrothermal 9100 apparatus. The samples were characterized with a
scanning electron microscope with gold coating.

Crystallographic data of [Zn(DADMBTZ)(CH3COO)2]n are given in table 1. X-ray
diffraction measurements were performed at low temperature (120K) using a Bruker
SMART CCD diffractometer equipped with graphite monochromated Mo-Ka
radiation (�¼ 0.71073 Å) using the ’–! scan technique. Empirical absorption correc-
tions were applied using SADABS. The structure was solved by direct methods and
subsequent Fourier differences and refined with anisotropic displacement parameters.

2624 A. Hosseinian et al.
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Hydrogen atoms attached to carbon and nitrogen were positioned geometrically, with
Uiso values derived Ueq values of the corresponding carbon and nitrogen. The structure
was refined with SHELXL-97 [34–36]. X-ray powder diffraction (XRD) measurements
were performed using a Philips diffractometer of X’pert Company with monochro-
mated Cu-Ka radiation. The crystallite sizes of selected samples were estimated using
the Sherrer method. The molecular structure plots were prepared using ORTEP [37a]
and simulated XRD powder pattern based on single crystal data was prepared with
Mercury software [37b].

To prepare nanoparticles of [Zn(DADMBTZ)(CH3COO)2]n a proper amount of
solution of zinc(II) nitrate and ammonium acetate (0.1M) in EtOH was placed in an
ultrasonic bath, and into this solution, a proper volume of DADMBTZ solution (0.1M)
was added in drops. The resulting precipitate was filtered, subsequently washed with
EtOH, and then dried. Found: C, 35.10; H, 3.85; N, 13.59. Calcd for C12H16N4O4S2Zn
(409.78)(%): C, 35.14; H, 3.9; N, 13.67. IR data (KBr, cm�1): 3285–3145 (s), 2950 (w),
1607 (s), 1514 (s), 1428 (w), 1380 (s), 1324 (vs), 1117 (w), 750 (w), 668 (w), 403 (w).

To isolate single crystals of [Zn(DADMBTZ)(CH3COO)2]n, DADMBTZ (0.226 g,
1mmol), zinc(II) nitrate (0.131 g, 0.5mmol) and ammonium acetate (0.077 g, 1mmol)
were placed in main arm of the branched tube (Supplementary material). Methanol was
carefully added to fill the arms, the tube was sealed and the ligand-containing arm
immersed in an oil bath at 60�C while the other arm was kept at ambient temperature.
After 3 days, yellow crystals (d.p. 190�C), which had deposited in the cooler arm, were

Table 1. Crystal data and structure refinement for [Zn(DADMBTZ)(CH3COO)2]n.

Empirical formula C12H16N4O4S2Zn
Formula weight 409.78
Temperature (K) 193(2)

Wavelength (Å) 0.71073
Crystal system Orthorhombic
Space group Fdd2
Unit cell dimensions (Å, �)
a 13.708(4)
b 26.301(7)
c 9.584(3)
� 90
� 90
� 90
Volume (Å3), Z 3455.7(16), 8
Calculated density (Mgm�3) 1.575
Absorption coefficient (mm�1) 1.685
F(000) 1680
Crystal size (mm3) 0.45� 0.255� 0.20
� range for data collection (�) 3.10–28.04
Limiting indices �13� h� 18; �29� k� 34; �8� l� 12
Reflections collected 1098
Final R indices [I4 2�(I)] R1¼ 0.0275, wR2¼ 0.0711
Completeness to � (%) 98.9
Absorption correction Psi-scan
Max. and min. transmission 0.7292 and 0.5176
Refinement method Full-matrix least-squares on F2

Data/restraints/parameters 1098/1/105
Goodness-of-fit on F2 1.020
R indices (all data) R1¼ 0.0307, wR2¼ 0.0716
Largest difference peak and hole (e Å�3) 0.749 and �0.722
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isolated, filtered off, washed with acetone and ether and air dried (yield 40%). Found:
C, 35.20, H, 3.85, N, 13.59. Calcd for C12H16N4O4S2Zn (409.78)(%): C, 35.14, H, 3.9,
N, 13.67.

IR data (KBr, cm�1): 3285s–3145s �(N–H), 2950w �(C–H)al, 1607s �(C¼C)þ
�as(COO�), 1514s �(C¼N), 1428w and 1380s �(skeletal vibration), 1324vs �s(COO�),
1117w �(C–S), 750w �(C–S–C), 668w �(C¼S), 403w �(Zn–N). 1H-NMR ([D6]DMSO,
25�C, TMS) 	 (ppm): 7.5 (4H, 2NH2), 2.2 (6H, 2CH3), and 1.7 (3H, CH3).

13C-NMR
([D6]DMSO, 25�C, TMS) 	 (ppm): 177.3, 167.5, 138.7, 116.9, 23.0, and 12.5. UV-Vis in
DMSO (�max, nm): 275.

The nano-scale compound was calcinated at 500�C under air for 1 h in an electric
furnace alumina boat. The organic components were combusted and ZnO nanostruc-
ture was produced.

3. Results and discussion

Scheme 1 shows the reaction between zinc(II) nitrate, ammonium acetate, and
DADMBTZ to form [Zn(DADMBTZ)(CH3COO)2]n in two different conditions.
Figure 1(a) shows the simulated XRD pattern from single-crystal X-ray data of the
above compound and figure 1(b) shows the XRD pattern of a typical sample of
[Zn(DADMBTZ)(CH3COO)2]n prepared by the sonochemical process. Acceptable
matches, with slight difference in 2�, were observed between the simulated from single-
crystal X-ray data patterns (figure 1a) and those from the experimental powder X-ray
diffraction patterns for nanoparticles as obtained from the sonochemical method
(figure 1b), hence this compound is obtained as a mono-phase. Broadening of the peaks
indicates that the particles are nanometer scale. Estimated from the Sherrer formula,
D¼ 0.891�/� cos �, where D is the average grain size, � is the X-ray wavelength
(0.15405 nm), and � and � are the diffraction angle and full-width at half maximum of
an observed peak, respectively [38].

The average size of the particles was 61 nm, in agreement with that observed from
scanning electron microscopy (SEM) images. ‘‘Supplementary material’’ shows the
SEM images of [Zn(DADMBTZ)(CH3COO)2]n particles. The particle size ranged from
30 to 70 nm.

Differential thermal analyses (DTA) and thermogravimetric analysis (TGA) curves
(Supplementary material) of [Zn(DADMBTZ)(CH3COO)2]n recorded in static air from

Scheme 1. Materials produced and synthetic methods.
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ambient temperature to 700�C shows both crystalline and nanoparticles of
[Zn(DADMBTZ)(CH3COO)2]n are the same, the compound does not melt and is
stable up to 168�C. Decomposition of acetate takes place at 309�C with an exothermic
effect (observed 27%, Calcd 28.79%). The weight loss of 53% is equivalent to loss of
two coordinated DADMBTZ (Calcd: 55.15%) with one exothermic effect at 584�C.
The solid residue formed at 657�C is suggested to be ZnO (observed 20%,
Calcd 19.86%).

Single X-ray crystal analysis reveals that [Zn(DADMBTZ)(CH3COO)2]n crystallizes
in the orthorhombic space group Fdd2. The structure of [Zn(DADMBTZ)

Figure 1. (a) Simulated XRD pattern from single-crystal X-ray data of [Zn(DADMBTZ)(CH3COO)2]n; (b)
The XRD pattern of [Zn(DADMBTZ)(CH3COO)2]n nanoparticles.

Nanoparticles of zinc(II) 2627
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(CH3COO)2]n is shown in figure 2 and important bond lengths and angles are given in
table 2. In [Zn(DADMBTZ)(CH3COO)2]n, zinc is four-coordinate in a distorted
tetrahedral arrangement, bonded to two nitrogen atoms of DADMBTZ (N(1) and
N(1A)) and to the two acetates via single oxygen atoms. The nitrogen atoms of NH2 of
the ligands are not coordinated. The metal coordination shows some deviations from
ideal Td symmetry. The angles around Zn are 81.84(2)� (for the internal angle N(1)–
Zn(1)–N(1A)) and 118.58(2)� (for the O(1)–Zn(1)–O(1A) angles). Two Zn–N bond
distances (Zn(1)–N(1) and Zn(1)–N(1A)¼ 2.05 Å) are equal and two Zn–O bond
distances (Zn(1)–O(1) and Zn(1)–O(1A)¼ 1.954(2) Å), too. DADMBTZ is bidentate
with five-membered chelate rings having internal angle 81.84(2)� and two monodentate
acetates occupy the other positions.

The structure is stabilized by a network of intra and intermolecular hydrogen bonds
involving oxygen of carboxylate and the terminal amino. Intramolecular interaction
exists between hydrogen of NH2 (H(2NB)) and uncoordinated oxygen of acetate.
Intermolecular hydrogen bonding is observed between the other hydrogen of NH2 H(2
NA) and oxygen of COO� of the neighboring molecule (table 3; figures 2 and 3). Unit
cell packing of the compound is given in figure 4.

Comparison of the free ligand with that in complex shows the effect of coordination,
for example the range of C–N in complex is 1.308(4)–1.399(4) Å, is different from free

Figure 2. ORTEP drawing of [Zn(DADMBTZ)(CH3COO)2]n showing the atom-labeling scheme and 50%
probability level displacement ellipsoids.

2628 A. Hosseinian et al.
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Figure 3. (a) Intramolecular hydrogen bonding in the compound. (b) Intermolecular hydrogen bonding of
[Zn(DADMBTZ)(CH3COO)2]n.

Table 2. Selected bond lengths (Å) and angles (�) for [Zn(DADMBTZ)(CH3COO)2]n.

Zn(1)–N(1A) 2.050(3) N(1)–C(1) 1.399(4)
Zn(1)–N(1) 2.050(3) N(1)–C(3) 1.308(4)
Zn(1)–O(1) 1.954(2) N(2)–C(3) 1.331(5)
Zn(1)–O(1A) 1.954(2) N(2)–H(2NA) 0.895
C(1)–C(2) 1.358(5) N(2)–H(2NB) 0.874
C(1)–C(1A) 1.468(6) C(2)–C(4) 1.500(6)

N(1A)–1–Zn(1)–N(1) 81.84(2) C(2)–C(1)–N(1) 115.1(3)
O(1)–Zn(1)–O(1A) 118.58(2) C(2)–C(1)–C(1A) 130.3(2)
O(1)–Zn(1)–N(1A) 112.62(2) N(1)–C(3)–N(2) 124.4(3)
O(1A)–Zn(1)–N(1A) 112.78(2) N(1)–C(3)–S(1) 113.5(3)
O(1)–Zn(1)–N(1) 112.78(2) O(2)–C(5)–O(1) 122.3(3)
O(1A)–Zn(1)–N(1) 112.62(2) O(2)–C(5)–C(6) 121.2(4)

Table 3. Hydrogen bonds in [Zn(DADMBTZ)(CH3COO)2]n.

D–H d(D–H) D(H � � �A) ffDHA d(D � � �A) A

N2–H2NA 0.895 1.982 165.67 2.858(4) O1
[�xþ 1/4, y� 1/4, z� 1/4]

N2–H2NB 0.874 1.964 167.50 2.823(4) O2

Nanoparticles of zinc(II) 2629
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ligand (1.393(4)–1.399(4) Å), and also C(1)–C(1A)¼ 1.468(6) Å, in complex is shorter
than that of free ligand (1.481(4)–1.485(4) Å). The distance between the two bithiazole
nitrogen atoms in free ligands is almost 3.079 Å (two nitrogen atoms trans) whereas in
complex, these distances are about 2.685 Å in DADMBTZ ligands (two nitrogen
atoms cis).

The torsion angle of DADMBTZ in free ligand, ffN(3)–C(4)–C(40)–N(30), is 59.6(4)�,
and in complex ffN(1)–C(1)–C(1A)–N(1A)¼�24.54(5), showing a deviation from
planarity of the thiazole ring of bithiazole. The C–N bond lengths in the bithiazole rings
in free ligand are 1.393(4)–1.399(4) Å and in the compound 1.308(3)–1.399(3) Å, shorter
than single bond length of 1.48 Å and longer than typical C¼N distances of 1.28 Å,
indicating partial double-bond character. This can be interpreted in terms of
conjugation in the heterocycle. The bond length range of C–N of amido groups is
1.331(5) Å in complex, shorter than that of normal C–N single bonds, confirming
nitrogen of amido is involved in delocalization.

UV-Vis spectra of compound in DMSO display intense absorptions at 275 nm,
indicating that electronic transitions are mostly 
–
*, assigned to interligand
charge transfer. The IR spectrum provides evidence of organic ligands coordinating
through bithiazole nitrogen atoms. The IR spectrum of [Zn(DADMBTZ)(CH3COO)2]n
shows bonds at 1428 and 1380 cm�1 for skeletal vibration of bithiazole ring,
suggesting coordination has occurred through the bithiazole nitrogen atoms [39].

Figure 4. Unit cell of [Zn(DADMBTZ)(CH3COO)2]n.

2630 A. Hosseinian et al.
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The carboxylate has many binding modes, monodentate, and bidentate either by
chelating, or by forming a bridge. Many complexes containing carboxylate groups play
a key role in biochemical systems containing mono- or polymetallic sites [40]. The D�
value (�as–�sym) in [Zn(DADMBTZ)(CH3COO)2] of 283 cm

�1 indicates that carboxyl-
ate coordinates Zn monodentate [41–45]. This is confirmed by the crystal structure.

Comparison of 1H NMR spectra in free ligand with the ones of the complexes show a
shift for the amine group from 6.5 for ligand to 7.5 for complex. 13C NMR spectra of
complex and the free ligand show carbons in the thiazole rings, with donor nitrogen,
sulfur and amine, shift downfield from 164.1 ppm in free ligand to 177.3 ppm in
complex. The 13C-NMR spectrum shows two singlets at 22 and 177 ppm for methyl and
carbonyl in compound.

The nanostructure of zinc(II) oxide was obtained by direct calcinations in air of
[Zn(DADMBTZ)(CH3COO)2]n, at 500

�C. The XRD pattern of the obtained residue
from calcinations of compound nanoparticles at 500�C is provided in ‘‘Supplementary
material.’’ The diffraction peaks which correspond to (100), (002), and (101)
matches with the standard pattern of ZnO and indicate ZnO is hexagonal wurtzite
structure (Zincite, JCPDS 36-1451) [46, 47]. No characteristic peaks of impurities are
detected in the XRD pattern, indicating all organic precursors were completely
decomposed.

The Fourier transform infrared (FT-IR) spectrum of calcinated sample
(Supplementary material) has a strong band at 420 cm�1 attributed to Zn–O stretch,
in accord with previous reports [48]. Bands at 3400 cm�1 correspond to O–H vibration,
indicating water adsorbed on the ZnO nanostructure surface [49]. The SEM image of
ZnO nanostructure from decomposition of [Zn(DADMBTZ)(CH3COO)2]n
nanoparticles at 500�C by direct calcinations under air is provided in
‘‘Supplementary material.’’

4. Conclusion

Nanoparticles of [Zn(DADMBTZ)(CH3COO)2]n were produced by sonochemical
method using zinc(II) nitrate, ammonium acetate, and DADMBTZ. The new
nanoparticles were characterized by SEM, XRD, TGA, DTA, and FT-IR spectroscopy.
[Zn(DADMBTZ)(CH3COO)2]n was structurally characterized by single-crystal X-ray
diffraction. The sonochemical method is rarely used for syntheses of coordination
polymer nanoparticles, but can be easily controlled and is expected to be applicable to
fabrication of other nano-sized coordination polymers. ZnO nanostructure was
obtained by direct thermolyses of [Zn(DADMBTZ)(CH3COO)2]n at 500�C under air.
The ZnO nanostructure was characterized by SEM, XRD and FT-IR spectroscopy.

Supplementary material

Complete bond lengths and angles, coordinates and displacement parameters have been
deposited with the Cambridge Crystallography Data Centre, CCDC No. 289424 for
[Zn(DADMBTZ)(CH3COO)2]n. Copies of this information may be obtained free of
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charge from The Director, CCDC, 12 Union Road, Cambridge CB2 IEZ, UK
(Fax: þ44-1223-336033; E-mail: deposit@cdc.cam.ac.uk or www: http://
www.ccdc.cam.ac.uk).
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