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The zinc sulfide was prepared using as precursors zinc complexes and thioacetamide, at 
room temperature. The size and morphology, crystal structure, and optical properties of 
the zinc sulfide were analyzed by X - ray Diffraction, Selected Area Electron Diffraction, 
Transmission Electron Microscopy, Fourier Transform Infrared Spectrometry, and UV - 
Visible Spectrophotometry. The results show that the zinc sulphide powders are 
constituted by crystalline aggregates, which are made by uniform nanoparticles. The X-ray 
Diffraction and Selected Area Electron Diffraction patterns confirm the presence of cubic 
structure (blende type). The IR spectra prove that the zinc sulfide has good transmittance 
within the wavelength number range from 400 to 4000 cm-1. The UV-Vis spectra show 
that the obtained zinc sulfide has strong absorption within the wavelength range from 250 
to 300 nm. 
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1. Introduction 
 
In last years, there has been an explosive growth of nanoscience and nanotechnology, 

primarily because of the availability of new methods of synthesizing nanomaterials, as well as 
tools for characterization and manipulation. Now it is a better understanding of size-dependent 
electrical, optical and magnetic properties of individual nanostructures of semiconductors, metals 
and other materials. An important field of research is the development of new synthetic processes 
to produce ultra fine particles with nanocrystalline structure. Nearly monodisperse nanocrystals of 
materials with narrow size distributions have been prepared by several workers, with control of the 
shape in some instances.[1] 

Semiconductor nanoparticles with sizes ranging from 2 to 10 nm are an important class of 
new materials. Zinc sulfide, a II - VI semiconductor, is an interesting material having applications 
in the optoelectronics industry (for electroluminescent devices, solar cells and other optoelectronic 
devices). The most popular configurations of ZnS are zinc blende (sphalerite) and wurtzite. For 
technological applications, wurtzite is probably the most useful one because of its non-central 
symmetry and polar surfaces.[2]  

As for other semiconductors, the zinc sulfide optical and electrical properties are 
dependent of particles size. The zinc sulfide nanoparticles were obtained in a variety of shapes 
(nanorods, nanofibres, nanosaws, nanospheres, nanotubes, nanocubes, nanowires, etc.) and by a lot 
of experimental techniques.[3–9]  

There were obtained nanoparticles of zinc sulfide using solid-state methods, thermolysis 
of the polymetallic thiolate cages, decomposition of molecular precursors, thermal evaporation 
etc.[2, 4, 10, 11] The materials used in syntheses were zinc salts, metallic zinc, complex 
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compounds and, respective, sulfur compounds (as thiourea, thioacetamide, thiosulfate, thiolates 
etc.) or elemental sulfur.  

The solvothermal method is one of the usual ways to prepare micro- and nanoparticles 
with different morphologies.[12, 13] But a solvothermal process (defined as “a chemical reaction 
in a closed system in the presence of a solvent (aqueous and non aqueous solution) at a 
temperature higher than that of the boiling point of such a solvent”[13]) involves high 
temperatures and high pressures. The low temperature reactions, in aqueous solutions, are more 
attractive as preparation methods, because are less expensive, less dangerous and environmental 
friendly.   

In continuation of our previous work [14-18], we reported new syntheses of zinc sulfide 
from zinc complexes, using thioacetamide (TAA) as source for sulfide ion, at room temperature, in 
aqueous solutions. The obtained materials were analysed using Fourier Transform Infrared 
Spectrometry (FTIR), UV-Vis Spectroscopy, Transmission Electron Microscopy (TEM), High-
Resolution Transmission Electron Microscopy (HRTEM), Selected Area Electron Diffraction 
(SAED) and X-ray Diffraction (XRD) techniques.  

 
2. Experimental 
 
2.1. Synthesis 
 
All the reagents and solvents were purchased from commercial sources and used as 

received. 
Preparation of ZnS (1). Zn(CH3COO)2⋅2H2O (5 mmoles, 1.10 g) and o-diaminobenzene 

(10 mmoles, 1.08 g) were added in water (50 mL) and the resulted solution was stirred for two 
hours. In this mixture was added thioacetamide (10 mmoles, 0.75 g) and stirred again for six 
hours. The white solid phase was isolated by vacuum filtration, washed with hot water and dried. 
Elemental analysis: Calc. for ZnS: Zn, 67.01%; S, 32.99%. Found: Zn, 67.53%; S, 32.47%.  

Preparation of ZnS (2). Zn(CH3COO)2⋅2H2O (5 mmoles, 1.10 g) and m-diaminobenzene 
(10 mmoles, 1.08 g) were added in water (50 mL) and the resulted solution was stirred for two 
hours. In the resulted mixture was added thioacetamide (10 mmoles, 0.75 g) and stirred again for 
six hours. The white solid phase was isolated by vacuum filtration, washed with hot water and 
dried. Elemental analysis: Calc. for ZnS: Zn, 67.01%; S, 32.99%. Found: Zn, 67.24%; S, 32.43%.  

 
2.2. Physical measurements 
 
The TEM, HRTEM and selected area electron diffraction (SAED) investigations were 

performed on a Philips CM 120 ST transmission electron microscope operated at 100 kV, with 2 Ǻ 
resolution. The samples were pestled with an agate mortar. Specimen of TEM samples were 
prepared by ultrasonic dispersion of pestled sample in anhydrous ethylic alcohol and then placing 
drops of the suspension on a Cu microgrid with carbon film and immediately evaporating the 
solvent. 

X-ray diffraction (XRD) patterns of the products were recorded on a Shimadzu XRD 6000 
X-ray powder diffractometer with CuKα radiation (CuKα: λ = 1.5406 Å) with 2θ ranging from 
10° to 80° at the speed of 2° min-1. The sample was deposited on the glass substrate. After the 
ethanol was volatilized, the sample was analyzed. 

IR spectra (KBr pellets) were recorded on a BRUKER Vector 22 spectrometer in the 400 - 
4000 cm-1 region. The optoelectronic properties were measured by ultraviolet - visible absorption 
spectra in the range 220 – 850 nm, on a Jasco V 550 spectrometer. 

The elemental chemical analyses were performed by usual micromethods. 
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3. Results and discussion 
 
IR spectra 
The elemental chemical analysis of the obtained powders showed that they are zinc 

sulfide. These results were confirmed by IR spectra, which showed that there are no impurities, e. 
g. acetate, diaminobenzene, thioacetamide, or other impurities, which could be detected in the 
samples.   

 
X-ray diffraction 
 
The powder XRD patterns of the as-prepared ZnS samples 1 and 2 are shown in Fig. 1.  

 
 

Fig. 1. XRD patterns of ZnS samples. 
 

 
 

The XRD patterns of the ZnS samples 1 and 2 exhibit a single phase sphalerite crystal 
structure (b-ZnS, zinc blende). The three peaks with 2θ values of 28.9100, 48.1110 and 57.1070 
correspond to the (1 1 1), (2 2 0) and (3 1 1) planes of the cubic phase ZnS (JCPDS 80-0020). 

No other peaks, characteristic diffraction peaks arising from the possible impurity phases 
such as CH3COO-, TAA, etc., were observed, indicating the preparation of phase-pure cubic-ZnS 
powders by the proposed molecular precursor decomposition route. 

Broadening of the peaks indicates the nanocrystalline nature of the material and the 
crystallite sizes calculated from the FWHM of diffraction peak (1 1 1) using the Debye - Scherrer 
equation are 2.50 and 2.13 nm for samples 1 and 2, respectively.  

 
Electron microscopy 
 
The size of particles can be determined from imaging by TEM. This technology is more 

direct than X-ray line broadening and less likely to be affected by experimental errors and/or other 
properties of the particles such as strain or a distribution in the size of lattice parameter.  

Figure 2.a. depicts the Bright Field TEM micrographs of ZnS (1). The figure indicates that 
ZnS is formed by crystalline aggregates, which resulted from fine and spherical nanoparticles. As 
shown, the particles of ZnS are uniform, and the diameters are in range of 1.95 – 4.18 nm with a 
mean diameter of 2.90 nm.  

Figure 2.b. presents lognormal distribution curve for mean diameter of ZnS (1) particles. 
The lognormal function used for fit the experimental curves are given by: 
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where A is an arbitrary constant related to particle number, xc represents the distribution maximum 
and w is strong correlated with particle diameter dispersion. 

The particles have a narrow size distribution, with a maximum at 2.90 nm. 
 

 
Fig. 2. TEM image of ZnS (1) (a); Mean particle size and particle distribution for ZnS (1) (b). 

 
 

Figure 3.a. depicts the Bright Field TEM micrography of ZnS (2). The figure shows the 
crystalline aggregates of ZnS, which are made from uniform, fine and spherical particles, with the 
diameters in the range of 2.84 – 6.43 nm and a mean diameter of 4.69 nm.  

Figure 3.b. presents lognormal distribution curve for mean diameter of ZnS (2) particles, 
with a narrow size distribution and a maximum at 4.69 nm. 

 

    
 

Fig. 3. TEM image of ZnS (2) (a); Mean particle size and particle distribution for ZnS (2) (b). 
 
 

In our previous paper[15], we reported the synthesis and analysis of ZnS using 
thioacetamide as source for sulfide ion, in absence of an organic ligand. In that case, the particles 
were also aggregates of fine and almost uniform nanoparticles, but the mean diameter was greater, 
around 8.03 nm. 
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Using an organic chelating ligand (o- or m-diaminobenzene), in the first step of synthesis 
was obtained a complex ammine which, in the presence of sulfide ion, generated by thioacetamide, 
was transformed in ZnS. The use of zinc complex as source for zinc ion leads to a more uniform 
structure and to smaller particles.  

The data support the idea that specific zinc complex formation modulates nanocrystal 
growth. Both ZnS samples obtained through complex compounds are made by smaller and more 
uniform particles. The particles dimensions and medium diameter for the ZnS sample obtained 
using o-diaminobenzene, respective m-diaminobenzene are comparable, probably because of the 
ligands stereochemistry and of the complexes structures. 

These results illustrate the importance of intermediate metal-ligand complex formation to 
nanocrystal arrested precipitation growth kinetics, particle stabilization, and ultimately, their 
optical properties.[19] 

Combined HRTEM and SAED have been employed for structural characterization. 
HRTEM is one of the most powerful tools used for characterizing nanomaterials and is 

indispensable for nanotechnology.[20] 
HRTEM can provide structural information at better than 0.2 nm spatial resolution. In 

most crystalline inorganic materials, including ceramics, semiconductors and metals, the positions 
of individual atomic columns can be resolved, at least in low-index zones.[21] The HRTEM 
images (Figure 4) were used for determination of ZnS structure.  

 
 

                      
 

Fig. 4. HRTEM image of ZnS (1) single crystal (a); HRTEM image of ZnS (2) single crystal (b). 
 
 
 SAED pattern for both ZnS samples confirms the presence of cubic structure (blende type), 
with a = 5.345 and the space group F43m [22]. 
 

 
 
 

Fig. 5. SAED pattern for ZnS (1). 
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UV-Vis absorption spectra  
 
Optical properties of the ZnS powers were investigated by ultraviolet-visible absorption 

spectra, as shown in Fig. 5. It can be seen from this figure that there were intensive absorptions in 
the ultraviolet band of about 250 – 300 nm. 
 
 

 
 

Fig. 6. UV-Vis absorption spectra of ZnS samples. 
 
 

The UV-Vis absorption spectra showed that the absorption peaks of analysed ZnS 
nanoparticles were in the range of 298 – 301 nm, relative blue-shift to that of cubic ZnS (326 nm) 
[23]. Thus, the peaks positions can be related with the mean diameter of particles, smaller diameter 
meaning lower wavelength. The results showed the effect of quantum confinement (quantum size 
effect, QSE). The QSE in direct-gap semiconductors nanocrystals determines a shift of the optical 
absorption edge to higher energies with decreasing size, which can explain the UV-Vis blue-shift 
effect.[24-26]  

To elucidate the mechanism of ZnS formation, it should be considered the role of 
diaminobenzene (dab), which is a bidentate chelating ligand, tending to form relatively stable 
Zn(II) complexes. The thioacetamide, as the sulfur source, is ready to decompose and generate S2-, 
as described in following equations [27]: 

 
Zn2+ + 2dab → [Zn(dab)2]2+ (1) 

 CH3C(S)NH2 + H2O → CH3C(O)NH2 + S2- + 2H+ (2)                                                               
[Zn(dab)2]2+ + S2- →ZnS↓ + 2dab (3) 

 
In our work, o-dab and m-dab play the crucial role of strong coordinating ligand, resulting 

in very small nanoparticles which were aggregated to larger cell stacks [27]. 
 
 
4. Conclusions 
 
The paper presents new synthesis and analysis of ZnS particles. Zinc sulfide was prepared 

at room temperature, in aqueous solution, using thioacetamide as source of sulfide ion and 
complex compounds of zinc with aromatic diamines as precursors.  

The resulted particles were studied by FTIR and UV-Vis spectrometry, TEM, HRTEM, 
SAED and RXD techniques. The IR spectra reveal that the zinc sulfide nanopowers have good 
transmittance within the wavelength number range from 400 to 4000 cm-1. The UV-Vis spectra 
show that the obtained zinc sulfide has strong absorption within the wavelength range from 250 to 
310 nm. 

Using the zinc complex with o-dab, there were obtained aggregates of uniform, fine and 
spherical particles, with a mean diameter of 2.90 nm (SAED), respective 2.50 nm (RXD). From 
the complex with m-dab, there were obtained also aggregates of uniform, fine and spherical 



443 
 

particles, with a mean diameter of 4.69 nm (SAED), respectively 2.13 nm (RXD). In both 
syntheses the crystalline structure is cubic, of blende type.  

The results support idea that the particles dimensions and medium diameter for ZnS 
particles depend of the nature of starting zinc compound and illustrate the importance of zinc - 
ligand complex formation to the nanocrystal growth. 

In conclusion, the use of zinc complexes with chelating ligands, in the reaction with 
thioacetamide, is a good route to obtain at room temperature uniform nanoparticles of ZnS, which 
are assembled in crystalline aggregates.  
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