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 Abstract: Metal oxides exhibit extraordinary properties in the nano level. ZnO nanoparticles have high 

refractive index, thermal, conductivity, binding, antibacterial, UV-protection etc., due to these properties 

ZnO nanoparticles are used in many industrial applications such as ceramics, glass, cement, rubber, 

lubricants, paints, ointments, sealants, pigments, foods, batteries, ferrites and fire retardants, etc. Generally 

many synthesis methods exist to synthesize ZnO nanoparticles. This present paper is focused on ZnO 

nanoparticles synthesis by Microwave-Assisted Synthesis method using ionic liquids. Microwave-Assisted 

synthesis method is very simple, fast, rapid heating and eco-friendly technique. Ionic liquids are having 

high ionic conductivity, high heat capacity, low toxicity nature and high dissolving capability. The obtained 

ZnO nanoparticles have been characterized by X-ray diffractometer (XRD), Particle Size Analyzer (PSA), 

Scanning Electron Microscopy (SEM), Energy Dispersive X-ray Spectroscopy (EDS), Transmission 

Electron Microscopy (TEM) and Thermo Gravimetric and Differential Thermal Analyzer (TG/DTA) for 

crystal structure, average particle size, shape, elemental compositions, morphology and thermal properties 

respectively.  
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1. INTRODUCTION 

 

Metal oxide nanomaterials display variety of applications in the field of optoelectronics, catalytic, 

coatings, semiconductors, sensors, solar cells, ceramics, spintronics and biological [1]. ZnO metal 

oxide is a polar inorganic crystalline material having very interesting properties such as good 

electrical, good optical, non-toxicity, high stability, piezoelectric and low cost [2].  In recent years 

the nano meter range material importance increases drastically [3]. ZnO belongs to II-VI 

semiconductor group material having large excitation binding energy of 60 MeV and wide band 

gap of 3.37 eV (at room temperature) due to this reason it is used in optoelectronic device 

fabrication [4, 5]. However the synthesis of nanomaterials is a big challenge for the researchers, 

many methods are available to prepare nano sized materials which includes hydrothermal 

synthesis, thermal decomposition, gas phase reaction, chemical vapor deposition, electro 
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deposition, sol–gel method, chemical precipitation, mechano-chemical, solution combustion and 

microwave-assisted method. Microwave-assisted method has unique effects compared with the 

conventional heating because of its interesting properties such as a very short reaction time, rapid 

homogeneous heating, high purity, ability to produce small inorganic particles and energy 

efficient [6, 7]. Present work deals with ZnO nanoparticles preparation by Microwave-assisted 

method using ionic liquids. [8].  Ionic liquids include very fascinating properties like high ionic 

conductivity, heat capacity, electric conductivity, viscosity, chemical and thermal stability, non-

flammability, low vapor pressure, low toxicity and ability to dissolve a variety of materials [9]. 

2. METHODS 

 

2.1 Experimental Details 

Zinc acetate and 1-ethyl-3-methyl-imidazolium tetrafluoro borate were used as initial precursor 

materials for the preparation of ZnO nanoparticles using Microwave-assisted method. In 100 ml 

of distilled water; add 0.2 M Zinc Acetate and 0.01 M NaOH alternately with vigorous stirring. 

After 15 minutes of stirring 1 ml of [bmim] BF4 solution was added drop by drop. Then 

transparent solution was formed. The obtained solution was kept in Microwave oven for 5 

minutes (Microwave oven maintains 2.45 GHz frequency and 180°C temperature), milky white 

color solution was formed. The obtained solution was cooled up to room temperature and 

centrifuge at 3000 rpm for 10 minutes and then washed with ethanol and water for several times, 

dried at 90°C for one hour finally the ZnO nanoparticles were formed. 

2.2 Characterization Techniques 

The crystal structure and average crystalline size was measured by Bruker D8 X-ray 

diffractometer. The average particle size was obtained by HORIBA SZ-100 Particle size analyzer. 

Shape and elemental analysis of the nanoparticles were estimated by S 3400 N Scanning Electron 

Microscope. The morphology of the nanoparticles was observed by JEM-100 CXII Transmission 

electron microscope. S-II EXSTRAR 6000 TG/DTA 6300 used for measuring thermal properties. 

3. RESULTS AND DISCUSSION  

3.1 X-RAY DIFFRACTOMETER 

The following Fig. 1 indicates the XRD pattern of ZnO Nanoparticles synthesized by Microwave-

assisted method. As prepared Zinc Oxide Nanoparticles confirmed that the Hexagonal structure 

was formed. . The peaks were observed at 31°, 34°, 36°, 47°, 56°, 62°, 66°, 68°, 69° and 77° with 

corresponding (h k l) values (100), (002), (101), (102), (110), (103), (200), (112), (201) and (202) 

respectively. These results were matched with JCPDS card number 36-1451. 

 

 

Fig. 1 XRD Pattern of ZnO Nanoparticles 
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The lattice parameters were a=b=0.3249 nm and c=0.5206 nm. The average crystallite size can be 

calculated by using Debye Scherer equation, 

                                                                                                                                      (1) 

Where, D- is the average crystallite size of the particle, λ - is the wavelength of radiation of CuKα 

X-rays, β- is the full width half maximum (FWHM) of the peak, θ = the Bragg’s angle. The 

crystallite size for ZnO nanoparticles is 21nm [10]. 

3.2 Particle Size Analyzer 

Particle size analyzer is used to measure average particle size. Ethanol was used as dispersion 

medium for ZnO nanoparticles and sonicated using ultra-sonicator. The particles distribution was 

observed in the form of histogram.  

 

Fig. 2 Particles Distribution of ZnO Nanoparticles 

The mean value of the histograms was taken as the average particle size. The average particle size 

obtained 29nm. This value is nearly equal to the XRD average crystallite size [11]. 

3.3 Scanning Electron Microscope 

The SEM image of ZnO nanoparticles is shown in below Fig. 3. The morphology and size was 

observed in this SEM image. The image was observed with in the magnification of 5 µm. 
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Fig. 3. SEM image of ZnO Nanoparticles 

The spherical agglomerated bunch like structures was formed. This structure was formed due to 

involvement of ionic liquid in the reaction. The size range is 100 nm to 120 nm [12].   

3.4 Energy Dispersive X-ray Spectroscopy 

The elemental composition was investigated by EDS analysis. The EDS spectrum infers that pure 

ZnO nanoparticles were formed.  

Table 1. Elemental Composition of ZnO Nanoparticles 

Element Weight (%) 

Zinc (Zn) 51.60 

Oxygen (O) 48.40 

 

The weight percentages of Zinc and Oxygen are almost equal. The weight percentages were 

shown in above Table 1. 

 

Fig. 4 EDS spectrum of ZnO Nanoparticles 

3.5 Transmission Electron Microscopy  

The morphology of the ZnO nanoparticles was observed in TEM image. The following TEM 

image infers that the spherically agglomerated nanoparticles were formed and also observed that 

uneven distribution of the nanoparticles. 
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Fig. 5 TEM image and SAED pattern of ZnO Nanoparticles 

The selected area electron diffraction infers that the ZnO nanoparticles prepared by Microwave-

assisted synthesis using ionic liquids exhibit hexagonal structure. The SAED pattern supports the 

XRD crystal structure analysis.   

3.6 Thermo Gravimetric & Differential Thermal Analysis 

Thermal properties were studied with the assistance of TG/DTA curves. TG/DTA curves of ZnO 

nanoparticle is shown in below figure. The heat flow and weight loss were observed in presence 

of temperature.     

 

Fig. 6 TG/DTA curves of ZnO Nanoparticles 

Heat flow curve infers that no phase transformation has occurred. The weight loss was observed 

by TG curve. From room temperature to 100°C weight loss is observed due to the evaporation of 

water molecules in the ZnO nanoparticles. Beyond this temperature weight loss was caused by the 

evaporation of unreacted organic and inorganic materials in the reaction. The total weight loss 

observed is 3.0%. 
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1. CONCLUSION   

The ZnO particles were successfully synthesized by Microwave-assisted method using ionic 

liquids. The crystal structure and average crystallite size was measured using XRD pattern, i.e., 

the structure is hexagonal and average crystallite size is 21 nm. From the particle size analyzer, 

average particle size is 29 nm (this value is nearly equal to XRD size). The spherically 

agglomerated bunch like structures were observed in SEM and the EDS analysis concludes that 

the obtained particles were Zinc and Oxygen. The uneven distributed nanoparticles were observed 

in TEM and the selected area electron diffraction supports the hexagonal structure. Thermal 

properties conclude that no phase transformation has occurred and the weight loss observed is 

3.0%. From the above information attained, ZnO nanoparticles were in the nano range. 
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