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ABSTRACT

The ZnO nanoparticles have been synthesized using a simple chemical route assisted by microwave irradiation. The
synthesized ZnO nanomaterials particle size, functional group and morphology were characterized by means of X-ray diffraction
analysis (XRD), Fourier transform infrared spectroscopy (FTIR) and scanning electron microcopy (SEM). The average crystalline
size was calculated and found to be 40-42 nm. The spherical shape morphology was confirmed by SEM analysis.
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1.INTRODUCTION

Nanostructure ZnO materials compared with bulk size materials exhibits the possible quantum confinement effect and large
surface areas, showing different electronic, optical, thermal and chemical properties. ZnO nanoparticles having a wide band gap
oxide n-type semiconductor materials (3.37eV) with large exciton binding energy of (60meV) at room temperature [1-3]. In recent
years ZnO nanostructure materials have found the numerous applications such as pH sensors [4], biosensors [5], gas sensors [6], UV
photodiodes [7], transparent electrodes [8], and acoustic wave devices [9]. The ZnO nanomaterials synthesized by various techniques
such as microemulsion, solvothermal, chemical precipitation, hydrothermal, electrospinning, and sol gel process [10-17] were widely
reported.

In this research work reported the synthesized ZnO nanostructure by a microwave irradiation assisted process is simple,
cheap, and fast and is characterized by a different irradiation time interval. As compared to conventional heating method, microwaves
cause the uniform distribution of temperature between the surface and bulk material there by leading to the fast formation of ZnO
nanoparticle. To investigate the synthesis of ZnO nanoparticle in this method, the obtained ZnO nanomaterial were characterized by
various techniques such as X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), and scanning electron
microscopy (SEM).

2. EXPERIMENTAL PROCEDURE

Zinc Chloride and ammonia solution were supplied from (Merck, 98%) Mumbai, India. All chemicals were of analytical
grade and used as received without further purification. The synthesis of ZnO nanoparticles by the microwave irradiation method
was carried out as follows. First, a 0.1M of zinc hydroxyl solution was prepared by dissolving zinc chloride in deionized water. Then
the pH of the solution was maintained at 8 by adding ammonia solution dropwise. The resulting product was filtered and washed
with deionized water and ethanol until becomes free from chlorine impurities. The precipitate was irradiated for 5 minutes and 30
minutes in household microwave (radiation frequency 2.45GHZ, power up to 1KW) with convection mode, finally giving a white

product of ZnO nanoparticles.
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3. RESULT AND DISCUSSION
3.1 X-ray diffraction analysis (XRD)

The microstructure of spherical shape ZnO nanostructure has been characterized by XRD as shown in fig .1. All the
diffraction peaks are indexed as orthorhombic phase with lattice parameters a= 4.905A, b=5.143A and c= 8.473A, which are confirm
from the standard card (JCPDS card no-89-0138). The average crystalline size was calculated by Scherrer’s formula, d=K\/Bcos6,
where d is the mean crystalline size, K is a grain shape dependent constant (0.9), A is the wavelength of the incident beam, 0 is a

Bragg reflection angle, and B is the full width at half maximum (FWHM) of the mean diffraction peak. The calculated average

particles size of ZnO nanoparticles around 42-41 nm.

IB]

(011)

Intensity(a.u)

- - T — T -

10 20 30 40 50 60 70 80
20(deg)

Figure 1. XRD patterns of microwave synthesized samples: (a) sample A, (b) sample B.

3.2 Fourier Transform Infrared Spectroscopy (FTIR)
Figure 2 shows the FTIR spectrum of ZnO nanoparticles. The sharp peaks at 606 and 611cm™ corresponding to the
stretching mode of Zn-OH bond it is due the presence of zinc hydroxide. The small peak at 439 cm-! corresponding to the stretching

mode of Zn-O bond it is indicate the presence of zinc oxide. The recorded values are tabulated in table 1.
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Figure 2. FTIR spectrum of microwave synthesized samples: (a) sample A, (b) sample B.
Table 1. FTIR peaks assignments of microwave synthesized samples: (a) sample A, (b) sample B.

Wavenumber(crm) Peak assignments

Sample A Sample B
3198 3204 O-H stretching
1644 1644 C=0 stretching
1427 1434 C=C stretching
1063 1067 C-O stretching
606 611 Zn-OH stretching
439 439 Zn-0 stretching

3.3 scanning electron microscopy (SEM)

SEM images of ZnO nanoparticles are reported in fig 3. SEM images of ZnO nanoparticles were irradiated at 5 minutes and
30 minutes are shown in fig 3. The morphology of 5 minutes irradiated ZnO show the agglomeration of small crystallites and
attributed at uncontrolled coagulation during precipitation, at higher irradiation time interval, small crystallites are form a large

agglomerated spherical shaped structure.
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Figure 3. SEM images of microwave synthesized samples: (a) sample A, (b) sample B.
4. CONCLUSION

Spherical shaped ZnO nanoparticles were successfully synthesized by microwave irradiation method. XRD patterns confirm
the orthorhombic phase structure with average crystalline size 40-42 nm. FTIR spectrum confirms the presence of zinc oxide network.
A SEM image shows the formation of spherical shape agglomerated structure. In summary, microwave irradiation method is a cheap
and fast method for production of ZnO nanoparticles.
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