© 2019 JETIR January 2019, Volume 6, Issue 1 www.jetir.org (ISSN-2349-5162)

Growth, synthesis, structural and optical properties of
pure ZnO by colloidal solution route

Vipul Shukla, Dr.Amit Patel,
Guijarat Technological University, Chandkheda, Ahmedabad —382424 Guijarat,
Goverment Engineering college, Godhra —389001 Gujarat

Abstract: Zinc oxide thin films were deposited on glass substrate from aqueous solution of ZnCl, and NH3; by chemical bath
deposition method. ZnO nanoparticles were generated by zinc chloride as single source precursor. Thermal behavior of the precursor
showed a considerable weight loss at about 538°C by an exothermic reaction with a maximum weight loss rate of 6% per min.,
complete decomposition of precursor was observed within 87 min with a heating rate of 25°C/min. TGA analysis of ZnO sample
revealed three endothermic peaks around 160°C, 290°C and 538°C. These endothermic peaks are attributed to the loss of volatile
surfactant, conversion of zinc hydroxide to zinc oxide nanoparticles and transformation of zinc oxide into zinc nanoparticles. The
optical properties were studied using UV-Vis-NIR spectrometer for absorbance of the thin films. The morphology, crystallinity and
structural properties are studied by X-ray diffraction (XRD). Also the morphology of the films studied by scanning electron
microscope (SEM). XRD and SEM data suggest that good quality ZnO films are obtained. Structural analysis with XRD and SEM
revealed that the formed films exhibit a wurtzite hexagonal phase. Refractive index is 1.02 — 1.07. Value of the real part of
dielectric constant is 1.03- 1.16.The experimental pattern of the films show very fine peaks indicate a good crystallization.The
band gap was 4.26, 4.28, 4.28, 4.29 and 4.30 eV for different number of coat.
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I INTRODUCTION

ZnO thin film is one of the 11-VI compound semiconductors and is composed of hexagonal wurtzite crystal structure. ZnO thin film
presents investigating optical, acoustical and electrical properties which meet extent applications in the fields of electronics,
optoelectronics and sensors. ZnO thin film is applied to the transparent conductive film and the solar cell window because of the
high optical transmittance in the visible region. In the last year's low size (Nano,micro)materials have interesting attention due to
their size dependent properties and wide range of applications in different fields such as industry, health and environment[1-5].ZnO
is one of the I1-VI semiconductors, it has a direct wide band gap(3.37 eV) and excitation energy (60 meV) [6,7], has great attention
for researchers because of its electrical and optical properties which make it important material in many applications such as solar
cell, chemical sensors, electroluminescent devices and ultraviolet laser diodes[8-9]. Also ZnO have been studied as the active
channel in manufacturing and development transistors according to its n-type electric properties, very good thermal stability and
can be well oriented crystalline on different substrates [10]. Since the control of the size and shape of nanostructure materials plays
main role and great effect on the physical properties of the materials[10,11],several methods and techniques [11] are used to
synthesize different materials including ZnO Nanostructures, such as Pulse Laser Deposition (PLD), Chemical Vapor Deposition
(CVD), Chemical Bath Deposition (CBD), Hydrothermal and chemical reactions.[12]

The chemical bath deposition technique is simple cost; effective, reproducible and the material are readily available. As compared
to other oxide material ZnO material is much cheap and easily available material. The presence work depend the chemical method
due to its simplicity in requirements. Another advantage of the CBD method over other method is that the film can be deposited at
different shapes and size of substrates.

I EXPERIMENTAL PROCEDURE

The ZnO thin films were prepared by chemical bath technique. The reaction bath is composed of ZnCI2 used as precursor. For
deposition of the film, commercial quality glass microscope slides of dimension 16 mm x 26 mm x 1 mm are used. Prior to use,
these glass slides were soaked in aquaregia, a mixture of concentrated HCI. They were removed after 24 h and washed thoroughly
in cold detergent solution, rinsed in distilled water and drip dried in air. The properly degreased and cleaned substrate surface has
the advantage of producing highly adhesive and uniform film.

The reagents used in this experiment were zinc chloride, aqueous ammonia. 0.1 M of zinc chloride was prepared and small drops
of ammonia were added and stirred continuously using a magnetic stirrer to obtain optimum pH of 9.6 for this deposition. 80 ml
solution of zinc chloride and aqueous ammonia were put in 100 ml beaker and the substrates whose surface had been prepared
under standard conditions were vertically suspended in the beaker and the solution was constantly stirred using magnetic stirrer
in a water bath of constant temperature of 82 'C. The substrate was immersed vertically at the centre of reaction bath in such a
way it should not touch the walls of the beaker. The deposition time was 135 minutes. After 120 minutes the substrate with deposited
thin films were removed, rinsed with distilled water and left to dry. The as-deposited ZnO thin films were also annealed at 250 "C
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in a furnace.By using the above given experimental method, thin films with variation in number of coats are grown on glass
substrates.

We have characterized by employing thermo gravimetric analysis (TGA), scanning electron microscopy (SEM), XRD and UV-Vis-
NIR. Thermo gravimetric analyzer (TGA, METTLER TOLEDO, Model: DSC3) was used to study the thermal stability of ZnO. SEM
was used for morphological characterization of sample. The surface morphology of the white precipitate was determined by
scanning electron microscope (SEM) JSM-6010LA. The structural parameters of the powder were determined using X-ray
diffraction technique. The XRD patterns were recorded with D2 phaser Bruker advanced X-ray diffractometer using a Cu - Ka
radiation source (). = 1.547 A). Diffraction peaks were compared with those of the standard compounds reported in the JCPDS
files (36-1451 card). The UV-Vis-NIR absorption spectra of the samples were recorded in the wave length range of 200 nm to 1200
nm using a Shimadzu UV-3600 UV-Vis-NIR spectrometer.

111 RESULTS AND DISCUSSIONS
A. X-ray diffraction analysis of ZnO nanoparticles

The morphology, crystallinity and structural properties are studied by X-ray diffraction. The crystallographic structure of the films
prepared at different coatings has been studied by XRD. XRD patterns exhibit strong peaks (100), (002), (101), (102), (110), (103)
and (200) planes assigned to hexagonal wurtzite structure as shown in Fig.1. The experimental pattern of the films show very fine
peaks indicate a good crystallization. The crystallite size of the ZnO nanoparticles was calculated by the X-ray line broadening
method using the Scherrer’s equation:

D =K./p cost

Where, D is the crystallite size, A is the Cu -Ka radiation of wavelength (1.547A°), K the shape factor (0.94), phkl is the full width
at half maximum (FWHM) in radian and 0 is the scattering angle. From the calculations, the average crystallite size of the ZnO
nanoparticles was in the range from 38 nm to 44 nm and lattice strain gradually decrease as shown in Table 1.

Table 1 Average crystallite size of ZnO obtained from XRD using equation 1

No. of Coat Crystallite size D (nm) Lattice Strain Thlckne?zr(:; the film

Single coat 38 0.0030 1.14

Double Coat 39 0.0029 3.91

Triple Coat 40 0.0028 6.07
Quadruple coat 42 0.0027 11.38
Quintuple coat 44 0.0026 14.78

It can be seen from the XRD data that all samples are of single phase ZnO wurtzite structure (JCPDS, 36-1451) and the crystallinity
of the films becomes better with increasing number of coat.
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Fig. 1 — Powder Mray diffraction pattems of Zn0 for different mumber of coatings.
(a) Bingle coat (b) Diovble coat () Triple coat{d) Quadruple coat (2) Quintuple coat

B. Morphological analysis
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The growth parameters and ions concentration play a critical role for tuning the morphology of ZnO nanostructures grown during
CBD process. The effect of coating on the evolution of ZnO film is further illustrated by SEM, as shown in Fig. 2.

The results of SEM observation shows that the diameter and length increase with number of coating increasing as shown in Fig. 3.

It can clearly seen that the density of ZnO nanorods increases with the increasing of coat. Thickness of the thin films is also
increases, which is measured from SEM analysis as shown in Table-1.
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( Fig.3. SEM micrographs ZnO films deposited on glass using chemical bath deposition)

C. Optical study

The transmittance (T) can be calculated from the relationship (Pankove, 1971):

1
A =log (T)
Where A is the absorbance and T is given (Pankove, 1971) by:

104
The reflectance (R) is calculated from the relation (Pankove, 1971):
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Figure 4: Transmittance of ZnO Film vs. Double coat (c) Triple coat (d) Quadruple coat
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Figure 4 shows the optical transmission spectra of the ZnO films. The transmittance is high at 300 nm with drastic fall near the
fundamental absorption.
Absorbance of the film: Optical experiments provide a good way of examining the properties of semiconductors. Particularly
measuring the absorption coefficient for various energies gives information about the band gaps of the material. The optical
information is obtained using spectrophotometer. The absorbance is obtained from the relation;

- [0

where t is the thickness of the deposited film, A is the absorbance.

The UV-visible absorption spectra of the samples are shown in Figure 5. All the samples have a strong absorption maximum below
370 nm. The absorption maximum for the quintuple coated thin film and it shifted to higher wavelengths. This red shift can be
attributed to the agglomerations in the samples [14]. For the single coated thin film have low reflectance.

Bandgap Estimation: The bandgap of materials is a very important parameter that determines the application of the films. It is
evaluated using the formula (Ezekoye & Okeke, 2005).

A
a = (E) (hv - Eg)n
The band gap of the metallic oxide was determined by plotting (0hv)2 as a function of hv, and extrapolating the linear portion of

the curve to (ahv)2 = 0 as shown in fig. 6. The value obtained for the optical band gap for single coat, double coat, triple coat,
quadruple coat and quintuple coat is 4.26 eV, 4.28 eV, 4.28 eV, 4.29 eV and 4.30 eV respectively.
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D. Thermogravimetric analysis

The thermal properties of precursor were determined by thermogravimetric analysis (TGA) and differential thermal analysis (DTA).
Thermo Gravimetric Analysis was performed for the ZnO to study the thermal stability of materials. Sample was heated in an
aluminum pan from room temperature to 600°C at a heating rate of 10°C/min. The TGA analyses (Fig. 6) revealed that the complex
looses 7% of its weight at about 290°C attributed to desorption or removal of moisture and solvents, and 57% weight loss of its
total weight at 538°C with a maximum weight loss rate of 6 % per min. indicating a fast rate of degradation of solid into volatile
combustible products, proving the high thermal stability nature of ZnO. The TGA curve has a large exothermic peak at that
temperature which may be attributed to the fact that volatile organic moieties generated by the dissociation of precursor react with
02 to form CO2 and H20.This is confirmed by the weight loss observed in the temperature region 0 to 800°C in the TGA curve,
thus can be used for higher temperature applications also.
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E. Refractive Index

The refractive index has been calculated using the relation reported by Islam and podder [13].
"= (17)

Where n is the refractive index and R is the optical reflectance. The variation of refractive index with wave length for different
number of coat as shown in fig. 8. From fig. 7 it is evident that refractive index between 1.02 to 1.07 in the visible region, means
that electromagnetic radiation is 2-2.58 time slower in the oxide films than in the free space [13 ] and increases with the increase
in thickness of the film, which is in good agreement . Here thin films by varying number of coat we obtain value of refractive index
is 1.02 t01.07. Refractive index rapidly increases between the wavelength 280 nm to 350 nm and then it gradually decreases. Low
refractive index occurs due to successive internal reflection or due to the trapped photon energy with the grain boundary. It is also
attributed to the variety of impurities and defects with the increase of the thickness of the film and this implies that there is a strong
optical scattering.
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Fig. 8 Refractive index as a function of wavelength

F. Dielectric constant

The real er and imaginary i parts of dielectric constant were determined using the formula er = n2 - k2 and ei = 2nk. The variation
of the real and imaginary parts of the dielectric constant for different number of coat is illustrated in Fig. 9(a) and 9(b). Fig. 9(a)
and 9(b) revealed that the value of the real part 1.03 — 1.16 is higher than that of the imaginary part.
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G. Extinction coefficient

The extinction coefficient of the zinc oxide thin films were determined from absorbance measurements. The extinction coefficient
k can be obtained from the experimental expressions:

_ (azl)

T \4rx

The refractive index (n) provide the optical properties of the film. The variation of extinction coefficient with wave length is shown
in Fig. 10.The rise and fall in the extinction coefficient is directly related to the absorption of light [13]. From Fig. 10 it is clear
that K increases rapidly with increasing wavelength from 300 to 350 nm and after that value of K gradually increases.

JETIR1901395 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 698


http://www.jetir.org/

© 2019 JETIR January 2019, Volume 6, Issue 1 www.jetir.org (ISSN-2349-5162)

2.50E-03
2.00E-03

T 1.50E-03
1.00E-03
5.00E-04

0.00E+00 T T T T T T T T T 1
200 300 400 500 600 700 800 900 1000 1100 1200

wave length ——»

Fig. 10. Variation of extinction coefficient as a function of wave length.

IV CONCLUSIONS

Zn0 thin films have been successfully deposited with different morphologies with (100), (002), (101), (102), (110), (103) and (200)
preferential orientation using a chemical bath deposition technique onto a glass substrate. The synthesis of zinc oxide nanoparticles
from a zinc chloride by a thermal decomposition technique was studied in this paper. ZnO hexagonal wurtzite structure were
successfully synthesized by a low coast not require high technology equipment's simple one step and without catalyst or buffer
layer on substrate with high quality product. The band gap of the film is 4.26 eV to 4.30 eV. Refractive index is 1.02 — 1.07. Value
of the real part of dielectric constant is 1.03- 1.16. Hexagonal wurtzite morphology showed in SEM images.
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