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ABSTRACT

ZnO nanoparticles are synthesized by using SOL-GEL method. In this method, the solution was maintained at PH-
11 and calcination temperature at 600°C. The structure, morphology and nanoparticle size of ZnO were
investigated. The structural analysis confirmed the Cubic structure of ZnO was formed without impurity.
Morphological and Elemental Analysis reveal the ratio of Zinc and oxyzen of ZnO particles. From D.C
Conductivity and Photo-Catalytic studies, we confirmed that these particles also acts as Conductor and Photo-

catalyst respectively.
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INTRODUCTION

Nanotechnology involves the creation and Manipulation
of materials at the Nanometer(nm) scale either by scaling
up from single groups of atoms or by refining or
reducing bulk materials. Bulk materials possess
relatively constant physical properties regardless of their
size, but nanoparticles exhibit size dependent physical
and chemical properties. Nanoparticles posses the unique
size dependent property as 'Specific Surface Area’, which
is the ratio of surface area to volume.The production of
nanoparticles can be achieved through two approaches
known as ‘top-bottom' approach and 'Bottom-Up'
approach. In the Top-Bottom approach, the bulk material
is broken down into particles at Nano-scale through
different processes like grinding, milling etc. In the
Bottom-Up approach, the atoms/molecules self assemble
to form new nuclei, which grow into a particle of Nano-
Scale. A number of specific methods have been
developed amongst them those which are broadly in use
like Co-Precipitation method, Sol-Gel method, Micro
emulsion technique, Ball-Mill method and Green
chemical synthesis. The Sol-Gel techniques having better
advantages such as homogeneity compared to the
traditional methods, high purity, lower processing
temperature and more uniform phase distribution in multi
component systems, better size and morphological
control, the possibility of preparing new crystalline and
nanocrystalline materials.

Zinc Oxide Nanoparticles (ZnO NPs)

Zinc oxide is non-toxic material and is listed as
'‘Generally Recognized As Safe'(GRAS) by the united
states Food and Drug Administration. Due to the
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antimicrobial properties ZnO has been used as linings
and coating in food containers. ZnO nanoparticles owing
to their small size and large specific surface exhibit
enhanced antimicrobial activities. Zinc oxide possesses a
high radiation, chemical and thermal resistance, it is
widely used in creation, of various instruments in
particular to form transparent contacts of solar cells.
Due to its unique optical, acoustic and electrical
properties ZnO finds use in Gas sensors, varistors and
generators of surface acoustic waves. The crystal
structure, lattice parameters, band gap, melting point and
density of Zinc Oxide is given in table-1.

Table 1.
S.no | Properties Zincoxide

1 | Preferred phase Wurtzitee
e parameters _

2 | ‘Alattice’ A=3.250 A.

g |Lattice C=15.207 A
parameters ‘C

4 | C/IA 1.602
Thermal .

5 conductivity 0.6, 1-1.2 p Siemen

6 Static dielectric 8.656
constant

3.37eV @ 300K

7 Band gap direct

8 Refractive index 2.008, 2.029

9 | melting point 1975°C

10 | Density (solid) 5.6 g/lcm®
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The present work focus on the synthesis nanocrystals of
ZnO by Sol-Gel process. These nanoparticles are
characterized by XRD diffraction and morphology of
Nanocrystalline were investigated by Scanning Electron
Microscopy(SEM), Energy Dispersive Spectrum(EDS),
Fourier Transform Infrared Spectrum(FT-IR).

EXPERIMENTAL

Preparation of Zinc Oxide Nanopatrticles

Zinc nitrate dihydrate of 90% purity, KOH and distilled
water are used in this synthesis of Zinc Oxide. 8 gms of
KOH is dissolved in 15 mL of distilled water which is
taken in 50ml of burette. One mole of zinc nitrate is
taken and dissolved in 100ml of deionised water. To
maintain the PH value of the zinc nitrate solution at 12
KOH solution is added dropwise through burette. The
solution is stirred for 2 h at 300°C using Magnetic
Stirrer. Until the solution becomes transparent. The
reacted solution is dried at 60°C overnight to vyield
milky-white ZnO nanoparticles, which are finally
calcined at 100°C for 1 h and preserved in air-tight vials
for further studies. The calcinated powder is grinded for
2hrs in motor.The chemicals, organic solvents and the
reagents used in the study are of analytical reagent
(AR) quality and the media are obtained, Chennai and
Himedia Ltd. Mumbai.

Mixing and grinding

Zinc Oxide material is sensitive to impurity elements.
So, we used high purity chemicals with 99% purity or
above. Stoichiometric quantities of precursor materials
Zn(Nos),, KOH are taken and intimately mixed. This
serves several goals, to reduce the atomic diffusion
distance so that the reaction can be complete, to break up
large grains and to achieve chemical homogeneity.

Grinding process is done for 6 hours using above
mentioned raw materials in Stoichiometric amounts.
Usually grinding cannot be done too fine to reach 0.1 nm
mean particle size where colloidal properties may play a
role in subsequent forming operations. In the present
work, grinding is accomplished using Agate mortar and
pestle. Sufficient amount of methanol is used to prevent
selective sedimentation of reagents by forming slurry.

Calcining

After mixing the raw powders in Agate mortar, the fine
powder need to be heated to effect solid state reaction
among the reagents to form desired solid solution and to
remove the gases of the reaction to form final powder.
Calcining below 600°C in Lisicon materials results in
loosing of CO, Na, and H,O and causes complete the
reaction.Here, we calcined the raw powder in Alumina
crucible which can withstand higher temperatures.

Pelletization

The calcined powder is pressed into circular discs with
diameter 13mm and thickness 3-4mm at a pressure of 3
tons/sq. inches. The powder should be added with a
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binder i.e. 5% of Poly Vinyl Alcohol (PVA) in order to
bind the particles during the pressing process.

Forming and Sintering

Sintering is needed for calcined powders in order to
eliminate the unwanted peaks other than our desired
phase. Intermediate compounds formed during
calcinations may be eliminated by heating at proper
sintering temperature. Calcined powder is sintered and
used for the purpose of XRD, and FT-IR Spectroscopic
studies. The pressed discs are then placed on platinum
foil and sintered in silicon carbide heat furnace in air at
650°C for 2 hours. The sintering temperature alters the
properties and morphology of the compound.

RESULT AND DISCUSSION

X-ray Diffraction Analysis

The diffractogram obtained complexes has been given in
figure and the observed diffraction data, with the help of
the data obtained from the powder XRD, the particle size
calculations are performed using Scherer equation.
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The diffraction pattern is recorded and radius 26 values
of 36.088 and 18.768 are observed, which corresponds to
Bragg reflections of hexagonal wurzite structure which
are in agreement with JCPDS File No. 36-145.
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Field Emission-Scanning Electron Microscopy (FE-
SEM):

FE-SEM enables us to obtain chemical information from
the specimen by using various techniques, including the
X-ray energy dispersive spectrometer (EDS). The
electrons interact with the atoms that make up the sample
producing signals that contain information about the
sample’s surface, topography, composition and electrical
conductivity.
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Table 2: The elemental composition of Zinc and
Oxygen in Zinc Oxide NP.

Element | Weight% | Atomic%
0 22.31 53.98
Zn 77.69 46.02
Total 100.0 100.0
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FE-SEM Morphology for Zinc Oxide

Energy Dispersive X-ray Spectroscopy (EDS)

In Spectrum 1

ull Scale 7262 cts Cursor; 0.000
EDX of ZnO for chemical synthesis

Fourier Transform Infrared Spectroscopy
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Peak Assignments of Zinc Oxide(Chemical Synthesis).

S. No | Wave number (cm™) | Peak Assignments
1 1054,1015 O-C Stretching
2 882 CHj, Stretching
3 630 P-O Stretching
4 572 C-H Bending
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Photoluminescence: The Energy band gap for ZnO is in good agreement with standard value(3.37-3.80 eV).
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PL spectra for ZnO (Chemical Synthesis)

Photo-Catalysis

By Passing the UV light on the Zinc Oxide (Catalyst)
using the photo-catalysis, the solution becomes
transparent i.e. its indication of the photo-reduction of
the solution. Therefore the zinc oxide acts as photo-
catalytic material. The explosure of UV light to the ZnO,
decolorized the dye, the decolorization signifies the
catalytic activity of ZnO nanoparticle. It is vastly using
in inorganic dye industry. So it is industrial catalyst for
photo reduction.

CONCLUSION

The prepared ZnO NP’s are Characterized by using
spectroscopic, microscopic, conductivity,
photoluminescence and phtoto degradation studies such
as XRD, FE-SEM, FT-IR and Photo catalysis.

e From the XRD results, the crystal size of Green
Synthesis method ZnO is less than the Chemical
method ZnO.

e FE-SEM results revealed the rod like morphology of
the Green Synthesis ZnO, the Chemical method ZnO
is Spears shaped morphology.

e From the Energy Dispersive Spectroscopy (EDS) the
atomic percentage and weight percentage of Zinc
and Oxygen of ZnO particle.

e From the Photo-catalytic Studies, we found that the
ZnO NP’s are also acts as a photo catalyst.
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