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ABSTRACT

Present study reports of synthesis of better yield ZnO nanomaterial by chemi-thermal route and its characterization.
Characterization of zinc oxide powder was analyzed by using UV-Visible Spectroscopy, SEM and EDX. The absorption spectrum
was found to be at 369nm and its band energy about 3.9 eV. SEM results showed aggregated pebble like morphology with average
size about 100 nm at high magnification. EDX results showed the presence of major amount of Zn?* and O” elements with respect
to ZnO molecule by both weight and atomic percentage. Therefore, this method can be used as an alternative for other chemical

synthesis method aimed at various applications.
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The unique properties of nanomaterials such as
quantum size effect, surface to volume ratio,
modifications in surface morphology etc., attracted
researchers to work on nanomaterial fabrication for
applications in different areas ;. Although there are
numerous types of nanomaterials available, nanomaterial
of metal oxides continuously made good progress in the
field of nanotechnology because metal element has high
compatibility with oxygen and develop stable compound
which shows several geometrical forms leads to change in
band gap and binding energy of particular structure 3.
Due to energy change and nanodimensional metal oxide
materials acquire superior electronic properties and high
density on edge surface sites respectively 5; compare to
their bulk counterparts. Amongst all other metal oxides,
zinc oxide nanomaterial attracts a greater attention
because of its physical, chemical and biological
properties. Fundamentally, Zinc oxide is a heterogeneous
semiconductor n-type compound found in two main stable
forms viz. wurtizite with hexagonal crystalline structure
and zinc-blende with cubic crystalline structure where,
anionic zinc atoms covalently bonded (Sp3 Hybridization)
with four cationic oxygen atoms (tetrahedron) and
eventually formed tetrahedral structure (Figure 1.) (5.
Further research showed ionic bonding in ZnO added an
extra energy to increase the band gap up to 3.37eV at
room temperature with quite large exciton binding energy
of 60 meVys Depending on requirements and
applications, ZnO nanomaterial can be synthesized by
physical and/or chemical methods. Physical methods are
usually top down approach of synthesis includes thermal
reduction 7.g; thermal evaporation (g) laser ablation [;o; UV
irradiation [ etc., gives high yield of pure material since,

!Corresponding author

no other chemical additives involved in it. Compared to
physical  method, chemical synthesis includes
hydrothermal ;557 sol-gel method (1615 microwave
irradiation [j9.;) solvothermal method 5,24 Electro-
chemical method 5 etc., are cost effective, simple and
robust, but gives material with some impurities.

Figure 1: Crystal structure of ZnO wurtizite
[Left] ZnO-zinc blende [Right] 5,

Generally, ZnO nanostructures shows improved
chemical, physical, mechanical, electrical properties,
biological activity [112632 and hence in present study
proposed the chemi-thermal method of synthesis of ZnO
nanomaterials for better yield.

MATERIALS AND METHODS

Chemicals

All the bulk chemicals, solvents used in this
study were analytical grade and purchased from suppliers
including SRL chemicals and Qualigenes India.

Synthesis of ZnO nanomaterial

100 mM of Zn(CH;COO), were dissolved in
50mL of DI water by continuous steering on magnetic
stirrer at 210°C for 30 minutes. Drop wise addition of
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100ml mixture of 500 mM of NaOH and 10 mM Sodium
Lauryl Sulfate (as a capping agent) was carried out with
the help of burette into the reaction mixture at 210°C.The
resultant mixture was washed tree times with DI water
and then with absolute ethanol followed by one last wash
with DI water at 6000 rpm for 15 minutes in centrifuge.
The supernatant after each wash were discarded and dried
those pallets at 60° C followed by calcination at 550° C in
muffle furnace for 6 hours. The resultant powder was
used for further characterization.

Characterization of ZnO nanomaterial

The structural, morphological features and
elemental composition of resultant powder were
characterized by UV-Vis spectroscopy, SEM and EDX
respectively for identifying various crystalline structures
present in the powders as well as their morphological and
optical information.

RESULTS AND DISCUSSION

Synthesis of ZnO nanomaterial:
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Figure 2: Net reaction of ZnO nanomaterial(top).
Capping of SLS on ZnO nanomaterial(bottom)
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Chun-Hong Kuo et al proposed SLS as a capping
agent to control the growth and size of the nanoparticles
;331. Similarly, in this study SLS used as capping agent to
control nucleation and growth of resultant ZnO
nanomaterial by capping the surface.

UV- visible absorbance widely used to study
optical properties of nanomaterials [34. Absorption and
emission spectra of synthesized material was measured by
UV-Vis spectroscopy. (Thermo Scientific UV-10) Further
ZnO dry powder was diluted in solvent to get absorption
spectra. and its optical band gap was calculated
accordingly. Absorption spectrum of ZnO powder is
shown in fig.3. The maximum absorption was found at
369.8nm and band gap value has calculated to be 3.9eV
due to quantization effect. W.-S. Chin et al found that the
maximum absorption of ZnO nanomaterials was at 370nm

[35].
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Figure 3: UV-Vis Spectroscopy analysis

SEM cum EDX analysis was conducted on
synthesized material to understand the morphology and
elemental analysis. The SEM images of the synthesized
nanostructures are shown in fig.4. The low magnification
image (right side) shows aggregation of nanostructured
materials. The size of the nanostructures was found to be
at ~lum. However, as shown in higher magnification
image at 100nm (Figure 3b), each nanostructures are
made up of pebble like morphology with size of 100 nm.
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Figure 4: SEM images of ZnO nanomaterials (Right)
Low magnification, (Left) High magnification.

The elemental composition of powder clearly
studied by EDX (Fig.5), which shows that the major part
of the synthesized material contains Zn®>* and O* with
expected ratio for ZnO molecules (Table 1).

Figure S: EDX results of ZnO Nanomaterial

Table 1: Composition of synthesized ZnO powder by

EDX analysis
Elements Weight[ %] Atomic[%]
OK 26.00 58.94
Zn K 74.00 41.06
Totals 100.00 100%

Obtained pure ZnO powder by sol-gel method of
synthesis was further characterized by EDX suggested
that the ZnO powder has high purity where Zinc content
was found to be 55.38% and that of Oxygen 44.62%3¢). In
present study the results obtained from the EDX
characterization suggested that the ZnO powder has high
purity (Zinc content — 41.06%; Oxygen content —58.94%),
in which very little impurities can be seen. Tentatively,
estimated stoichiometric mass percent of Zn and O are
80.3% and 19.7% (37,

CONCLUSION

ZnO nanomaterial has been synthesized by
chemi-thermal method using zinc acetate and sodium
hydroxide in presence of capping agent Sodium Lauryl
Sulphate to control the size of ZnO nanomaterial.
Characterization by UV-visible spectroscopy, SEM and
EDX results confirms the band energy, morphology and
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elemental analysis belongs to ZnO nanomaterial. This
method is robust and cost effective, can be used for
industrial production of ZnO nanomaterials for various
applications.
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