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In this paper, nano-sized of mononuclear tetrahedral zinc(II) complex with
the general formula of Zn((pma-ba)2en)Br2.2H2O, (pma-ba)2en=N,Nbis{(paramethylamino)benzylidene}ethylenediamine, was synthesized by
ultrasonic bath assisted from the reaction of ZnBr2 and Schiff base ligand
(pma-ba)2en in molar ratio 1:1 in methanol solution. The zinc(II) Schiff base
complex characterized by elemental analyses (CHN), Fourier transformed
infra-red (FT-IR) spectroscopy, X-ray powder diffraction (XRD) and
scanning electron microscopy (SEM). Also, thermal stability of the complex
was studied from room temperature to 780 C under argon atmosphere.
TGA shows three stages for decomposition of the zinc(II) complex. At the
end of decomposition, the remainder part is ZnO. The preparation of ZnO at
the end of thermal decomposition confirmed with XRD. The XRD pattern of
complex has shown that the sharp crystalline peaks indicating the
crystalline phase in complex. By Scherrer’s formula, the average size of the
nano-sizes of the complex was calculated >200 nm, that confirmed by SEM
image. In addition, ZnO nanoparticles were obtained by thermal
decomposition of zinc(II) Schiff base complex at 550 C for 3 h. XRD result
that the good crystallinity for zinc(II) oxide with no impurity observed in
the ZnO product. The average size of the nanoparticles of the ZnO was
calculated <50 nm.
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Graphical Abstract

Introduction
In recent years, zinc(II) complexes with various ligands have extensively been investigated due to
their various applications and structures [1, 2]. For example, Mondal et al., 2018 reported a new
penta-coordinate zinc(II) complex with azo-thioether containing NSNO donor ligand as the ability
of the complex to bind with CT DNA is investigated by UV–vis method. Chooset and co-workers [2]
prepared novel Zn(II) complexes from hydrothermal synthesis from salicylate and bidentate rigid
organodiamine ligands as their antibacterial activity has been reported. Mojahedi Jahromi and coworkers [1] prepared seven-coordinated zinc(II) complex with a tridentate Schiff base ligand and
used it for the synthesis of ZnO nanoparticles by direct thermolysis in air atmosphere. Also,
preparations of nano-size transition metal complexes are attractive because of their unique
properties [3] and generally are used as precursor for the synthesis of metal oxides nanoparticles
[1]. A literature review confirmed that some transition metals complexes with bidentate Schiff base
ligand, e.g. zinc(II), have shown notable biological properties [4].
Zinc(II) oxide is an n-type semiconductor such as a wide and direct band gap of 3.37 eV for
potential applications in dye-sensitized solar cells [5], gas sensor [6], electric and optical devices
[7], and chemical absorbance [8]. ZnO exhibits the many ranges of morphologies such as rode,
nanoplate, tube etc. [9-12]. There are various methods for preparing ZnO nanoparticles such as
microwave-assisted [9], thermal methods [10], electrochemical approach [11] and sol-gel [12].
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Among these methods, thermal decomposition of zinc(II) complexes has received much attention
over the past few years [13-18]. This method is simple, solvent free and efficient to prepare ZnO
nanoparticles.
Recently, Sheikhshoaei et al., reported synthesis and characterization of nano-sized ZnO, CdO and
CuO at various temperatures by direct thermal decomposition of their Schiff base complexes [1618]. In this work, ZnO nanoparticles were prepared by thermal decomposition of nano-size zinc(II)
Schiff base complex at 550 °C for 3 h (Scheme 1).

Scheme 1. Schematic for preparation of nano-size of zinc(II) Schiff base complex and ZnO nanoparticles

Experimental
Materials and measurements
All chemical reagents and solvents were purchased from Merck Company. Elemental analyses were
performed on a Heraeus CHN-O-Rapid analyzer and the results agreed with the calculated values. Xray powder diffraction (XRD) pattern of the complex was recorded on a Bruker AXS diffractometer
D8 ADVANCE with Cu-Kα radiation with nickel beta filter in the range 2θ=10°–80°. Fourier
transform infrared (FT-IR) spectra were recorded as a KBr disk on a FT-IR PerkinElmer
spectrophotometer. The scanning electron microscopy (SEM) images were obtained from a Philips
XL-30ESEM. The TG/DTA were performed on a PerkinElmer TG/DTA lab system 1 (technology by
SII) in argon atmosphere (flow rate 16.66 cm3 min-1) with a heating rate of 20 °C/min in the
temperature span of 25–800 °C. The ultrasonic bath with a power output of 40 KHz has been used.
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Synthesis ofSchiff base ligand (pma-ba)2en
The Schiff base ligand was freshly synthesized based on what has been described elsewhere [19].
Yield, 88%. Anal. Calc. for C20H26N4: C, 74.53; H, 8.07; N, 17.39%. Found: C, 74.58; H, 8.09; N,
17.34%. FT-IR (cm-1): 2805-3025 (H-C aliphatic and aromatic), 1605 (C=N).
Synthesis of nano-size of zinc(II) Schiff base complex
A methanolic solution of the Schiff base ligand (pma-ba)2en (1 mmol in 5 mL) was drop by drop
(during by 20 min) added to the stoichiometric amount of methanolic solution of ZnBr2 (1 mmol in
10 mL) under ultrasonic bath irradiation. After the completed addition, the reaction mixture was
kept in the ultrasonic bath for a period of 60 min. The white obtained precipitates were filtered and
dried at room temperature and characterized by CHN, FT-IR, XRD and SEM. Zn((pmaba)2en)Br22H2O (1): Yield, 79%. Anal. Calc. for C20H30N4ZnO2Br2: C, 41.13; H, 5.14; N, 9.59%. Found:
C, 41.01; H, 5.19; N, 9.52%. FT-IR (cm-1): 2812-3009 (H-C aliphatic and aromatic), 1590 (C=N).
Preparation of ZnO nanoparticles
For the preparation of ZnO nanoparticles, about 0.5 gr of the complex Zn((pma-ba)2en)Br2.2H2O is
loaded into a crucible and then placed in the electrical furnace and heated, at a rate of 10 °C/min in
air, follow by a calcination at 550 °C for 3 h. Nanoparticles of ZnO are produced, washed with
ethanol and dried at room temperature and, finally, characterized by XRD and SEM.
Results and discussion
Characterization of nano-size of zinc(II) Schiff base complex
Nano-size of Zn((pma-ba)2en)Br22H2O was prepared by ultrasonic bath assisted and characterized
by CHN, FT-IR, XRD and SEM. The complex is insoluble in common organic solvent such as
methanol, ethanol and chloroform. But, it is stable at room temperature in solid state for several
months.
In the FT-IR spectra of complex, some weak vibrations at about 2812-3009 cm-1 are found that are
attributed to stretching vibrations of C-H bonds. A sharp peak at about 1590 cm-1 assigned to C=N
(azomethine) of ligand (1612 cm-1), shifted to lower wave numbers ( 22 cm-1). This change
confirmed the coordination of azomethine nitrogens to metal ions [1, 4, 19]. Also, the FT-IR
spectrum did not show the stretching vibration of carbonyl and amine functional groups which
confirmed the presence of Schiff base ligand in the complex.
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Thermal study (TGA) of the title complex was investigated from room temperature to 780 C under
argon atmosphere with the heating rate of 20 °C/min. The TGA curve of complex is displayed in
Figure 1. showing various steps of mass losing against temperature. In this complex, there is weight
loss up to 230 C which was confirmed by the uncoordinated water molecules. After that, the
complex was decomposed in two steps at temperature ranges 230-350 °C and 350–720 °C. The
remainder part at the end of decomposition is ZnO [1].

Figure 1. The TGA curve of nano-size of zinc(II) Schiff base complex

For the study of the particle size of the complexes the XRD patterns have been recorded and
presented in Figure 2. The XRD patterns have shown that the sharp crystalline peaks indicate the
crystalline phase. The average size of the complex was calculated by Scherrer’s formula, and found
to be ≈ 100 nm.

Figure 2. XRD pattern of ofzinc(II) Schiff base complex
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Characterization of ZnO nanoparticles
The XRD pattern of the as-prepared zinc(II) oxide nanoparticles are shown in Figure 3. There are
11 diffraction peaks in the XRD pattern of product which confirmed the wurtziteZnO structure [20]
with space group P63mc, a=3.24982(2) Å, c=1.6021 Å, Z=2 and JCPDS No. 36-1451 [21]. The
diffraction peaks showed the hexagonal system for ZnO nanoparticles. The higher intense
diffraction peak at 2 36° for (101) is observed [13, 16-18]. The intensity of the diffraction peaks
of ZnO are more higher than the diffraction peaks of zinc(II) Schiff base complex. Also, sharp
diffraction peaks indicate a good crystallinity for zinc(II) oxide product. There is no impurity
observed in the XRD pattern of ZnO product. The low broadening of all peaks confirmed that the
ZnO particles were in < 50 nm, that is according to the average size calculated by Scherer formula,
D=0.891/cos. Here, the (101) reflection peak of ZnO was used to calculate the average particle
size. This matter is in agreement with the size observed in the SEM image. To investigate the size
distribution of the zinc(II) Schiff base precursor and ZnO particles, particle size histograms were
prepared for them (Figures 4 and 5).

Figure 3. XRD pattern of zinc(II) oxide

Figure 4. Size distribution histogram of zinc(II) Schiff base precursor
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Figure 5. Size distribution histogram of zinc(II) oxide

The morphology of the zinc(II) Schiff base complex and ZnO nanoparticles produced by ultrasonic
assisted and thermal decomposition was investigated by scanning electron microscopy (SEM) and
shown in Figures 6 and 7, respectively. The SEM images shown that the particles of ZnO are smaller
than the particles of complex, also the morphologies of the synthesized products are significantly
different from each other.

Figure 6. SEM image of nano-size of zinc(II) Schiff base complex

Figure 7. SEM image of zinc(II) oxide
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Conclusions
In summary, the nano-sized zinc(II) Schiff base complex has been synthesized using ultrasonic bath
assisted as an easy one-step reaction at room temperature. Then, it was used as new precursor for
the preparation of ZnO nanoparticles through a thermal decomposition at 550 C for 3 h. XRD and
SEM results showed that the particles of ZnO are smaller than the particles of the complex, and also
the morphologies of them are significantly different.
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