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ZnO nanoparticles (NPs) were synthesized through a very facile chemical reduction
method in ethylene glycol solvent at six different calcination temperatures. Effect of
variation in calcination temperature was studied using X-ray diffraction (XRD),
transmission electron microscopy (TEM), Fourier-transform infrared (FTIR), and UV-Vis
spectroscopy. In this work, the effect of calcination temperature on the particle size and
optical properties of ZnO nanoparticles was also studied. For structural characterization,
ZnO NPs were characterized by XRD and TEM. The impurity contents were characterized
by FTIR spectroscopy. Synthesized ZnO nanoparticles exhibited a hexagonal structure
with sizes from 46 to 66 nm. The studies revealed a blue shift in UV-Vis spectra with
rising the calcination temperature. The investigations also revealed that bandgap of ZnO
NPs is wider than that of bulk ZnO where rising the temperature increases the bandgap up
to 4.45eV.
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1. Introduction

Semiconductor nanomaterial demonstrates unique properties which are not shown by their
bulk materials. These properties in nanoscale dimension are size dependent and start to appear
when the size of particles is about Bohr diameter for exciton [1]. Among the semiconductor
nanoparticles (NPs), zinc Oxide (ZnO), with binding energy of 60 meV and a wide electronic band
gap of 3.3 eV, has drawn a great deal of attention to itself due to its wide range of applications
such as varistors [2, 3], UV absorber [4], antibacterial [5, 6], light emitters [7, 8], dye degradation
[9, 10], solar cells [11-13], gas sensors [14, 15], photoluminescence materials [16, 17], and
transparent conductors [18]. Different synthesis methods have been introduced for the preparation
of ZnO NPs [19-22] and among them, the chemical reduction method is considered as one of the
most advantageous route due to being low cost method and needless of any surfactant. However,
in the chemical method, size control is an obstacle since the addition of reducing agent results in a
fast nucleation and subsequently aggregation of particles. Moreover, fast nucleation eventuates in
a heterogeneous crystal phase. A post processing such as thermal treatment can resolve these
problems. Thermal treatment, for example calcination, would eliminate impurities and the second
chemical phase, used as the capping agent, resulting in a pure product. Besides, calcination
effectively modifies the crystal phase resulting a homogenous one. Therefore, the combination of
these two methods, chemical and thermal, makes it possible to exploit the advantageous of two
methods and producing nanoparticles with finer size and better crystal phase. In this work, we
report a facile route to synthesize ZnO NPs. ZnO NPs are first synthesized by a chemical method.
The products subsequently calcined at different temperatures. The structural and optical properties
of NPs at various calcination temperatures were studied by different characterization methods.
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2. Materials and Method

Zinc nitrate hexahydrate (Zn(NOs),-6H20), as the precursor, ethylene glycol (C,H¢O,), as
the capping agent, and hydrazine (N,H,), as the reducing agent, were used to synthesise the ZnO
NPs. All the materials were of analytical purity. 1N solution of zinc nitrate was prepared by
dissolving the appropriate amount of salt in ethylene glycol. For preparing the 2N hydrazine, the
appropriate amount of hydrazine was dissolved in distilled water. Solutions of Zn(NO3), and N;H,4
were simultaneously mixed under stirring for one hour. The solution was filtered and then the
residual solid were dried at 80 °C in an oven for five hours. To obtain ZnO NPs, The final product
was calcined at different temperatures of 400, 450, 500, 550, 600, and 650 °C in air for 8 hours.

ZnO-NP samples at six different temperatures and the powder sample before calcination
were characterized using X-ray diffraction (XRD), Fourier transform infrared spectroscopy
(FTIR), transmission electron microscopy (TEM), and UV-Vis spectroscopy. Phase evolutions and
structure of ZnO-NPs were studied by XRD (Stoe, Stadi MP Cu Ka 1, A=1.54 A% and FTIR
(Perkin Elmer, Spectrum 100). Optical absorption spectra were recorded on a Shimadzu UV-1800.

3. Results and discussion

Fig. 1 shows a typical FTIR absorption spectrum of ZnO NP calcined at 650 °C. The peak at
580 cm* is a characteristic absorption of Zn—O bond. The weak and broad absorption peak at the
wavenumber of 3440 cm ™ is attributed to the characteristic absorption of hydroxyls. For all samples
in the study, one strong absorption band was observed at 580 cm™ that corresponds to ZnO. Same IR
signatures have been reported for ZnO NPs in many literatures [23-25].
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Fig. 1. Typical FTIR spectrum of ZnO NP was calcinated at 650 °C.

ZnO crystals as a I1-VI compound semiconductor are found to grow in two forms,
hexagonal wurtzite, cubic zinc blende, and rarely observed cubic. Fig 2 shows the XRD patterns of
samples before and after calcination at different calcination temperatures.
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Fig 2. X-ray diffraction patterns of the samples before and after
calcination at different temperatures.

The XRD pattern for samples before and after calcination, suggests the effect of
calcination on samples. This effect indeed resulted in formation of hexagonal phase crystals. The
X-ray diffraction peaks for (100), (002), (101), (102) (110), (103) and (112) planes confirm the
formation of hexagonal wurtzite structure of ZnO. The mentioned values for the ZnO are assigned
to JCPDS card no. 01-080-0075. The main peaks of ZnO hexagonal wurtzite are shown in all
patterns. Data analysis of before and after calcination samples, reveal that hexagonal wurtzite
phase of ZnO were formed by calcination at different temperatures.

Debye Scherrer’s formula was used to estimate the crystallite size,

D- 0.944
pcosé 1)

where, D is the crystallite size, A=1.54A is the X-ray source wavelength, g is the FWHM of a
peak, and @ is the peak position. The extracted average size are in the range of 46-66nm. Fig. 3
shows the variation of NPs size as a function of calcination temperature. It reveals that increasing
the calcination temperature results in smaller size of NPs. Under the mentioned conditions, the
calcined sample at 650 °C was demonstrated the smallest size.
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Fig. 3. ZnO NP size as function of temperature.

Fig. 4 shows a typical TEM image of ZnO NPs that was calcined at 650 °C. Extracted
sizes from TEM images are in the good agreement with the calculated size by XRD.
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Fig. 4. Typical TEM image of ZnO NPs.

The optical properties and electronic band gap energies of ZnO NPs were analyzed using
UV-Vis spectroscopy. The room temperature UV-Vis absorption spectra of the dispersed ZnO
NPs in ethylene glycol are represented in Fig. 5.
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Fig. 5. UV-Vis spectra of diluted ZnO NPs in ethylene glycol.

These spectra shows absorption bands between 200-500 nm and indicates a blue-shift
compared to the bulk ZnO (~3.38 eV=367 nm)[25]. The blue-shift occurs due to the quantum
confinement effect in nanoscale materials. Fig. 5 reveals that absorption peak is blue-shifted by
increasing the calcination temperature due to the size reduction. Optical band gaps were calculated
from Tauc relation and extrapolation procedure. Fig 6 illustrates a typical extrapolation of the
absorption spectrum related to the sample with calcination temperature of 500 °C.
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Fig 6. (Ihv)? versus energy for the sample with calcination temperature of 500 °C.
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The optical absorption was plotted versus the incident photon energy, and the value of the
band gap energy was determined by extrapolating the linear part of the graph. Each graph was
extrapolated for (ahv)? = 0 to find the band gap [26, 27]. The calculated band gaps of the samples
are plotted in Fig. 7. This result indicates that the band gap energy can be tuned by varying the
calcination temperature for different applications. As shown in Fig. 7, the band gap was tuned
from 4.08 to 4.45 eV by raising the temperature from 400 to 650°C.
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Fig. 7. Band gap vs. calcination temperature for all samples.

Fig. 8 shows variation of band gap energy as function of ZnO NP size [28].
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Fig. 8. Band gap vs. particle size for all samples.

4. Conclusions

ZnO NPs were obtained using chemical reduction method and the size of particles was about
46-66 nm. Structural characterizations, using XRD, FTIR, and TEM, revealed that pure ZnO particles
in the nano scale were prepared. The NP size became smaller by rising the calcination temperature
from 400 to 650 °C. Temperature increment, in the mentioned range, reduced the particle size from 66
to 46 nm. UV-Visible spectroscopy indicated that the UV-Vis absorption characteristics can be tuned
by varying the calcination temperature. Blue shift in UV-Visible spectra occurs by rising the
calcination temperature. The origin of the blue shift has been attributed to decreasing the size effect.
The absorption intensity decreased with reduction in size of ZnO NPs. Bandgap evaluation of the ZnO
NPs revealed that increasing the calcination temperature result in the wider bandgap from 4.08 to 4.45
eV. Band gap expansion was caused by the quantum confinement effect due to the reduction in size of
NPs.
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