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ABSTRACT
Zinc oxide plays an important role in current industry due to its special characteristics. Therefore, the
objective of this study is to synthesize zinc oxide nanostructures with the most practical ways by
using sol-gel method and characterize the nanostructures. ZnO nanoparticles were synthesized via solgel method using Zinc acetate dehydrate (Zn (CH3COO)22H2O) as a precursor and ethanol
(CH2COOH) was used as a solvent, Sodium hydroxide (NaOH) and distilled water were used as a
medium. ZnO nanoparticles were characterized by using UV, FTIR and XRD result spectrum displays
mainly oxygen and zinc peaks, which indicate the crystallinity in nature as exhibited. The XRD data
shown that the average size of the nanoparticles is 25.25nm. The obtained ZnO nanoparticles are
homogenous and consistent in size which corresponds to the XRD result that exhibits good
crystallinity.

Keywords: Sol-gel, ZnO NPs, XRD, FTIR, UV, Band gab energy etc.,
1. INTRODUCTION
High demands of nanomaterials have produced enormous applications in global industries.
Due to high demand as NPs based products, various types of engineered nanoparticles (ENPs) are
synthesized for myriad of applications [1]. These days, ZnO NPs have become a promising candidate
and gained more attention especially in nanomedicine and nano-semiconductors [2–4]. ZnO NPs
exhibit wurtzite crystal structure that has been widely used in industries due to its unique optoelectric
properties [5]. ZnO NPs are among of various semiconductivity materials with a distinctive electronic
and photonic wurtzite semiconductor with a wide direct band gap (3.37eV) and high exciton binding
energy (60 meV) at room temperature [6]. This makes ZnO NPs particularly popular for use in
commercially available especially in sunscreens and cosmetics which able to block UV radiation
when they are less than 50 nm [7–9]. Heiligtag et al [10] stated that smaller size of NPs provide a
better protection of skin against UV damage.
Besides, high optical absorption UVA and UVB in ZnO NPs are also beneficial in
antimicrobial products in nanomedicine as nowadays various nanomaterials development have been
applied to improve drugs and other medicine [11] Among other MO NPs, Salem et al.[12] stated that
ZnO NPs are the most recommended for antibacterial agent. Hence, the increase productions of
consumer products eventually increase the productions of ZnO NPs. Heiligtag et al.10 has also stated
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that the potential applications of ZnO NPs make them one of a primary focus in NPs research. Naveed
Ul Haqet al.[13] also described that ZnO NPs is one of the cheap materials that this causes the
extensive productions in industries. Morphologically, ZnO NPs is an attractive compound that possess
thermal and chemical stability [14]. ZnO NPs are made into various shapes and sizes depending on
the use of NPs in industries including textile, energy, food, cosmetics, and medicines and other

characteristics that make them attractive for broad range of application [15].
Various synthesis methods of ZnO NPs were developed into different size and forms
in order to be used in commercial products. This includes sol-gel method, precipitation,
microwave assisted, and thermal oxidation.4 However, these methods are considered
complicated as they involve multiple steps procedures, lengthy reaction period, and toxic
solvent and reactants might be used for synthesis [16,17]. Prominent methods usually have
undergone approximately 24 hours of reaction time, The aim of this research is to synthesize
spherical ZnO NPs with less than 10 nm size by using zinc acetate dihydrate and Sodium
hydroxide with a absolute ethanol as solvent via solvothermal method and to characterize
synthesized ZnO NPs using few techniques including XRD, FT-IR, and UV-Vis
spectroscopy, etc.,
2. MATERIALS AND METHODS
Nanostructure ZnO nanoparticles can be synthesized by using many methods such as
hydrothermal, sol-gel, solvothermal. Among all methods, I have chosen sol-gel method. It offers
several advantages like better homogeneity, high purity, phase pure powder at low temperatures,
controlled stoichiometry. It is the simplest method, consume less power and can be carried out in
robust atmosphere. It has the ability to control the particle size and morphological through systematic
monitoring of reaction parameters.

2.1 Materials Required
Zinc Acetate Dihydrate (Zn(CH3COO)2.2H2O), Sodium Hydroxide (NaOH), pH meter, distilled water
are all analytical grades and used for synthesis without further purification.

2.1.1 Synthesis of pure ZnO nanoparticles
Zinc oxide nanostructure was synthesized by using sol-gel method. In order to prepare a
sol, 4.23 grams of Zinc acetate dihydrate was dissolved in 100ml of distilled water by constant stirred
for half an hour. 4 grams of NaOH pellets were dissolved in 100ml of distilled water by vigorous
stirred for 15 minutes. This solution was added drop by drop to above prepared solution to achieve the
pH nearly 12. The pH test was carried out with the help of pH tester. The solution was further stirred
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for one hour and the precipitate was obtained. The entire process was carried out only at room
temperature and ambient conditions. Collected precipitate was washed many times by distilled water
and centrifuged. This was repeated for two or more times. After that the white solid product was
collected and dried in hot air oven at 120oC. The fine powder was made by grinding the dried
precipitate and was used for further characterization.

2.2 UV Visible spectroscopy analysis
UV-visible spectra of sample were monitored as a function of time of reaction on the UV-visible
spectroscopy and the investigation was carried out using PERKIN ELMER (Lambda 35 model)
spectrometer in the range of 190 nm to 1100 nm.

2.3 FT-IR Measurement
The Fourier transform infrared (FTIR) investigation is carried out using PERKIN ELMER (Spectrum
RXI) spectrometer in the range of 400 cm-1 to 4000 cm-1. The functional groups were identified using
the peak assignments

2.4 XRD Measurement
The sample was drop- coated onto Nickel plate by just dropping a small amount of sample on the plate
frequently, allowed to dry and finally thick coat of sample was prepared. The particle size and nature
of the silver nanoparticle was determined using Xray diffraction (XRD). This was carried out using
Rigaku miniflex-3 model with 30kv, 30mA with Cukα radians at 2θ angle.

3. RESULT AND DISCUSSION
3.1 UV-visible Spectroscopy analysis
The wavelength of UV is shorter than the visible light. It ranges from 100 to 400 nm. In a standard
UV-V is spectrophotometer, a beam of light is split; one half of the beam (the sample beam) is
directed through a transparent cell containing a solution of the compound being analysed, and one half
(the reference beam) is directed through an identical cell that does not contain the compound but
contains the solvent. The instrument is designed so that it can make a comparison of the intensities of
the two beams as it scans over the desired region of the wavelengths. If the compound absorbs light at
a particular wavelength, the intensity of the sample beam (IS) will be less than that of the reference
beam [18]. Absorption of radiation by a sample is measured at various wavelengths and plotted by a
recorder to give the spectrum which is a plot of the wavelength of the entire region versus the
absorption (A) of light at each wavelength. And the band gap of the sample can be obtained by
plotting the graph between (αhν vs hν) and extrapolating it along x-axis.Ultraviolet and visible
spectrometry is almost entirely used for quantitative analysis; that is, the estimation of the amount of a
compound known to be present in the sample. The sample is usually examined in solution.

3.1.1 UV-visible characterization pure ZnO nanoparticle
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The UV-visible
visible transmission and absorption of ZnOnanopowder is presented below.
The sample absorbs the radiations in the UV range upto 365.65 nm and almost all the visible spectrum
radiations are transmitted by the ZnO nanoparticles.

Fig: 1 Absorbance of UV-visible
UV
spectra of pure ZnO nanoparticle
(Absorbance vs Wavelength Graph)

Fig: 2 Transmittance of UV-visible
UV
spectra of pure ZnO nanoparticle
(Absorbance vs Wavelength Graph)

3.2 Bandgap energy:
UV-visible
visible spectroscopy analysis has done for pure ZnO nanoparticles and the
absorption peaks has found at 365.35 nm for pure ZnO nanoparticle.
Optical bandgap has been calculated with bandgap calculation formula,
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hc
E=

Where,
E is energy
h is planck’s constant = 6.626*10-34Joules sec
c is velocity of light = 2.99*108 m/s
 is wavelength = Absorption value, 1eV = 1.6*10-19Joules
Using Tauc plots bandgap can be calculated via UV
UV-visible
visible spectroscopy by plotting
graph. Thus Pb doped ZnO nanoparticle the energy bandgap is well optimized and increase in
bandgap can be found.
By drawing graph between Energy vs ((ℎ)2 and taking the tangent we found the energy
bandgap of nanoparticles. In similar way pure ZnO and Pb doped ZnO nanoparticle bandgap has been
found.
The band gap is found to be 3.39 eV absorptio
absorption peak at 365.56nm for Pure ZnOfor
for the samples
calcined at 700oC and 900oC for 4 hrs respectively. Thereby indicates that band gap remains almost
same with increasing annealing temperature. Thus, from the value of band gap obtained 3.17eV
agrees with the earlier reports [19]] of the material.

Fig: 5 Absorption of UV-visible
UV
spectra of pure ZnO for Band cap energy

3.3 FTIR characterization
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3.3.1 Pure ZnO nanoparticles:
In the region of longer wavelength or low frequency the identification of different types of chemicals
is possible by this technique of infrared spectroscopy and the instrument requires for its execution is
Fourier transform infrared (FTIR) spectrometer. T
The
he spectroscopy merely based on the fact that
molecules absorb specific frequencies that are characteristic of their structure termed as resonant
frequencies, i.e. the frequency of the absorbed radiation matches the frequency of the bond or group
that vibrates.
ates. And the detection of energy is done on the basis of shape of the molecular potential
energy surfaces, the masses of the atoms, and the associated vibronic coupling.
Fourier transform infrared (FTIR) spectroscopy was performed to study the prepared ZnO
nanoparticles and the corresponding spectra are shown in figure 7,8. The broad envelope in the higher
energy region about 3500 cm-1 due toO-H
toO group which represents
ents the presence of water molecules on
the surface of ZnO nanoparticles.Strong bands from 1500 cm-1 to 1700 cm-1 which corresponds to the
functional group of C-O
O symmetric and antisymmetric stretching mode. Presence of water is also
evident by its sharp peak
eak about 1623 cm-1.The secondary vibrations of Zn-O
O bond are found to be
lying at 541,07 cm-1and indicates the product is well crystallized.Hence the water might control the
size of ZnO during the synthesis.

Fig:7 Enlargement of FTIR spectra of the prepared pure ZnO nanoparticles

3.4 XRD characterization:
Structural parameters such as lattice parameters and unit cell volumes for hexagonal ZnO
nanoparticles are calculated from the lattice geometry equations.
1

4
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where a and c are the lattice parameters. h,k and l are the miller indices and dhkl is the interplanar
spacing.
The Debye Scherrer’s formula was used to calculate the crystalline size (D) from full width half
maxima (FWHM) of major XRD peak.

D




Where D = crystalline size
 = X-ray wavelength
  Full Width Half Maxima
 = Bragg diffraction angle
K = shape factor whose value is 0.9
Hence from the above study shows that the ZnO and Pb doped ZnO helps in controlling
the size of nanoparticles.
3.4.1
.1 XRD characterization of pure ZnO
The structural composition of the samples was confirmed from XRD studies. The XRD pattern of
ZnO nanoparticles synthesized which shows peaks at 31.7339o, 34.3741o, 36.2232o, 47.4903o,
56.5502o which corresponds to (100), (002), (101), (102) and (101) plane respectively. So, the X-ray
X
diffraction of synthesized ZnO nanoparticles Hexagonal wurtzite structure according to JCPDF data
(card number PDF#800075ICDSD#067849). The unit cell parameters are a=b=0.3253 nm and
c=0.5209 nm. The full width at half maximum was measured using Gaussian curve for the highest
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peak 101. The observed peak position are in good agreement with the hexagonal wurtzite structure.
The average size of nanoparticles was found to be equal to 25.25 nm.
The average crystallite size increases with increase in calcination temperature. A significant increase
in crystallite size is observed for the sample calcined at 900°C. At such high temperatures, migration
of grain boundaries occurs, causing the coalescence of small grains and formation of large grains.

Fig: 9 XRD pattern of pure ZnO

4. Conclusions
Zinc oxide nanoparticles were synthesized through sol-gel method by considering different
calcinations temperatures. The absorption measurements were carried out using UV-Visible
spectrophotometer to check the stability of nanoparticles. Characteristic UV-Vis spectrum peak of
ZnOnanoparticles at 365.35nm, due to the inter-band 4d → 5sp transitions; and the red shift in this
peak to around 365 nm was observed due to the occurring of the plasmonic resonance phenomenon in
the nano-dispersion of metal.From FTIR, the secondary vibrations of Zn-O bond are found to be lying
at 541,07 cm-1 and indicates the product is well crystallized.This sharp bands positioned at 436 cm-1 is
associated with the characteristic wurtzite lattice vibrations ZnO.The results of the XRD showed that
the average particle size of ZnO particles is 25.25 nm and also size increases with increasing
calcinations temperature, and Furthermore, the FTIR showed a broad absorption band related to Zn-O
vibration band. The band gap of the zinc oxide nanoparticles was estimated from the UV-VIS
absorption. It was observed that the band gap of the samples remains almost constant i.e (3.39eV) for
different calcination temperature from 700oC to 900oC.
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