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Two zinc(II) complexes [Zn(6,6�-dimethyl-2,2�-bipy)Cl2]n (1) and [Zn(6,6�-dimethyl-2,2�-
bipy)I2]n (2) are synthesized from the reaction of the 6,6�-dimethyl-2,2�-bipy ligand with ZnCl2 
and ZnI2. Zinc(II) oxide nanoparticles are synthesized by the thermolysis of [Zn(6,6�-dimethyl-
2,2�-bipy)Cl2]n (1) and [Zn(6,6�-dimethyl-2,2�-bipy)I2]n (2) at two different temperatures. The 
ZnO nanoparticles are characterized by X-ray diffraction and scanning electron microscopy 
(SEM). SEM images show the average size of the ZnO nanoparticles produced of 50 nm and 
60 nm in compounds 1 and 2 respectively.  
 
K e y w o r d s: nanoparticle, 6,6�-dimethyl-2,2�-bipy, Zn(II), surfactant. 

INTRODUCTION 

ZnO is polar inorganic crystalline material with many applications due to its interesting properties 
such as nontoxicity, good electrical, optical and piezoelectric behavior, stability in a hydrogen plasma 
atmosphere and low price [ 1—10 ]. ZnO is a well-known semiconductor with a wide direct band gap 
(3.37 eV), a large excitation binding energy of 60 meV at room temperature [ 4, 5 ] and a wide range 
of applications such as solar cells, luminescent, electrical and acoustic devices, gas and chemical sen-
sors, coatings, catalysts, micro lasers, memory arrays and biomedical applications [ 6 ]. Many methods 
have already been developed to synthesize zinc(II) oxide and sulfide nanocrystals such as vapor phase 
growth [ 7 ], vapor liquid-solid process [ 2 ], soft chemical method [ 9 ], electrophoretic deposition 
[ 10 ], sol-gel process [ 11, 12 ], homogeneous precipitation [ 13 ], etc. The use of supramolecular com-
pounds as precursors for the preparation of inorganic nanomaterials such as zinc(II) oxide has not yet 
been investigated thoroughly. In this paper we describe a simple method for preparing nanoparticles of 
ZnO with the use of [Zn(6,6�-dimethyl-2,2�-bipy)Cl2]n (1) and [Zn(6,6�-dimethyl-2,2�-bipy)I2]n (2) as 
precursors. 

EXPERIMENTAL 

Materials and physical techniques. All reagents and solvents for the synthesis and analysis were 
commercially available and used as received. X-ray powder diffraction (XRD) measurements were 
performed using a Philips X�pert diffractometer with monochromated CuK� radiation (� = 1.54056 Å), 
a step size of 0.05 degrees and a counting time of 5 s per step. The samples were characterized with a 
scanning electron microscope (SEM) (Philips XL 30) with gold coating.  

Preparation of [Zn(6,6�-dimethyl-2,2�-bipy)Cl2]n (1). According to the literature [ 14 ], for the 
preparation of compound [Zn(6,6�-dimethyl-2,2�-bipy)Cl2]n (1), a solution of 6,6�-dimethyl-2,2�-bi-
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pyridine (0.20 g, 1.10 mmol) in methanol (10 ml) was added to a solution of ZnCl2 (0.15 g, 
0.88 mmol) in acetonitrile (10 ml) and the resulting colorless solution was stirred for 20 min at 313 K, 
and then left to evaporate slowly at room temperature. After one week, colorless prisms were isolated. 

Preparation of [Zn(6,6�-dimethyl-2,2�-bipy)I2]n (2). According to the reported method [ 15 ], for 
the preparation of compound [Zn(6,6�-dimethyl-2,2�-bipy)I2]n (2), a solution of 6,6�-dimethyl-2,2�-
bipyridine (0.20 g, 1.10 mmol) in methanol (10 ml) was added to a solution of ZnI2 (0.15 g, 
0.88 mmol) in acetonitrile (10 ml) and the resulting colorless solution was stirred for 20 min at 313�, 
and then left to evaporate slowly at room temperature. After one week, colorless needles were isolated. 

Preparation of ZnO nanoparticles. Two precursors [Zn(6,6�-dimethyl-2,2�-bipy)Cl2]n (1) and 
[Zn(6,6�-dimethyl-2,2�-bipy)I2]n (2) (0.1 mmol) were heated to 600 �C for 4 h. Also precursor (1) 
(0.1 mmol) was dissolved immediately in 1.58 ml of oleic acid as a surfactant and formed a light yel-
low solution. This solution was degassed for 20 min and then heated to 180 �C for 2 h. At the end of 
the reaction, a black precipitate was formed. A small amount of toluene and a large excess of EtOH 
were added to the reaction solution and ZnO nanoparticles were separated by centrifugation. The so-
lids were washed with EtOH and dried in the air.  

RESULTS AND DISCUSSION 

The reaction of the 6,6�-dimethyl-2,2�-bipy ligand with ZnCl2 and ZnI2 leads to the formation of 
two zinc(II) complexes: [Zn(6,6�-dimethyl-2,2�-bipy)Cl2]n (1) and [Zn(6,6�-dimethyl-2,2�-bipy)I2]n (2) 
respectively. The crystal data and refinement of compounds 1—2 were reported ago [ 14, 15 ].  

ZnO nanoparticles were synthesized from the decomposition of precursors 1—2 in 600 �C in the 
air for 4 h (Fig. 1). The morphology and size of the as-prepared ZnO samples were further investigated 
using scanning electron microscopy (SEM). The histographs showed that the average size of ZnO 
nanoparticles in two compounds is 50—60 nm and 60—70 nm respectively (Fig. 2). Surfactants are 
often used to synthesize nanostructures in order to change the morphology and particle size. To inves-
tigate the role of surfactant on the particle size of zinc(II) oxide nanostructures produced by compound 
1, the calcination of compound 1 was performed in the presence of oleic acid as a surfactant at 180 �C 
and in the absence of surfactant at 600 �C (Fig. 3). Comparison of the SEM images of ZnO nanoparti-
cles at two different methods and temparatures (180 �C and 600 �C) shows that the higher temperature 
(600 �C) results in an increasing of agglomeration and thus small and spherical ZnO particles with 
good separation were produced by the thermolysis of compound 1 at 180 �C and by the use of surfac-
tant. The histograph of the ZnO nanostructure shows that the maximum dispersion range size is about 
40—50 nm in this method. The final product obtained by the decomposition of compounds 1 and 2 is 
hexagonal ZnO, according to their XRD patterns. The phase purity of the as-prepared hexagonal ZnO 
nano-particles is completely obvious and all diffraction peaks are perfectly indexed to the hexagonal 
ZnO structure with the lattice parameters a = 3.24982 Å, c = 5.20661 Å, Z = 2 and S.G = P63mc, which 
are in JCPDS card file No. 36-1451. No characteristic peaks of impurities are detected in the XRD 
pattern. 

CONCLUSIONS 

Small and spherical ZnO particles with good separation were produced by the thermolysis of 
compounds 1—2 with and without the use of surfactant. This study demonstrates that zinc(II) com- 
 

 

 

Fig. 1. SEM photograph of ZnO
nanoparticles produced by calci-
nation of a) precursor 1 and b) 
          precursor 2 at 600 �C 
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Fig. 2. Histograph of ZnO nanoparticles produced by  
calcination of precursors 1—2 at 600 �C 

  
Fig. 3. SEM image of ZnO nanostructure pre-
pared by the thermal decomposition of compound 
       1 with oleic acid as a surfactant at 180 �C 

 
plexes may be suitable precursors for the preparation of nanoscale materials and do not need special 
conditions such as high temperature, long times and pressure controlling [ 16—18 ]. This method of 
preparation may have some advantages: it proceeds within shorter reaction times, produces better 
yields and is also likely to produce nano-sized particles of the complex.  
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