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ABSTRACT

Synthesis of Zincoxide nanoparticles (ZnO NPs) with definite size and shape and their
morphological characterization rationally is really a challenging aspect at present due to the ongoing
demand of these nanosize particles for their divergent use in different field of science and technology.
Reduction of Zinc acetate dihydrate by sodium hydroxide was performed to produce ZnO NPs by
following precipitation method. Here the whole reaction was completed in aqueous medium in low
temperature. To characterize the synthesized ZnO NPs some recent techniques like X-ray diffraction
study (XRD), Ultra-violet Visible (UV-Vis) spectroscopy, Field emission scanning electron microscopy
(FESEM), Transmission electron microscopy (TEM), Selected area electron diffraction (SAED) and
Electron diffraction X-ray (EDX) were used systematically.
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INTRODUCTION

Itis observed that the last two decades there
is an explosive growth in the field of research work of
nanotechnology and nanoscience of which transition
metal paid an attractive importance. Zinc is one of the
transitional metals and ZnO is one of the transition
metal oxides which shows high activity in diverse
ground when we get it in its nano dimension range.
In this nano range ZnO NPs occupy some physical
and chemical properties which is absent in bulk
ZnO." The human beings are getting benefit by using
these ZnO NPs as in food additives, food packing,
UV-inhibiting sun screen creams, cosmetics, solar
cells, organic light emitting-diodes(OLEDs), chemical

sensor, photo catalytic applications, antibacterial
applications, biocompatible applications, biomedical
applications, textiles, removal of organic dyes, acrylic
paints and agriculture etc.' There are several
synthetic methods like mechanochemical process,
physical vapour synthesis, thermal decomposition,
precipitation and hydrothermal to synthesize ZnO
NPs.'5"® Geometrical shapes of ZnO NPs produced
by precipitation process will be different as rod-like,
flower-like, flake-like, needle like and spherical etc.20-2

In this present article spherical ZnO NPs
were prepared of average diameter 10+2 nm in
aqueous medium which has some advantages
mentioned point wise here. Firstly, the precipitation
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method gets preference over the other processes
because it is a simple process and consumes
low energy. Moreover it has a control to show
a discrepancy in the size of nanoparticles just
by manipulating any condition of the reaction.®
Secondly, among all the above mentioned geometry
spherical geometry has minimum interfacial energies
because it occupies least surface/volume and hence
it gains structural stability.?® Thirdly, there is very
good economic benefit as the aqueous medium
is very cheaper than the costly organic solvent
medium.?” Considering these above advantages it
can be said that spherical ZnO NPs can be prepared
easily with a low cost solvent which is very helpful
economically and hence the present article should
getimportance in the field of nanoparticle synthesis.

MATERIALS AND METHODS

Reagent and chemicals used

In this study chemicals like Zincacetate
dihydrate [Zn(OAc),.2H,0], Sodium hydroxide
[NaOH], Pyridine [C,H,N] and ethanol [EtOH] were
used. All these above mentioned chemicals were
used without any further purification. For reaction
purpose double distilled water was used.

Synthesis of ZnO NPs

Few drops of 0.3M Pyridine were added
slowly into a 25 mL of 0.2 M Zinc acetate dihydrate
aqueous solution with continuous stirring. A colorless
solution was produced in which drop wise 25 mL
of 0.4M sodium hydroxide was added slowly. The
white colour precipitation appeared which was
washed by deionized water and 95% (v/v) ethanol.
Then it was air dried at 60°C for about 3 hours. The
synthetic procedure was used here is nearly similar
with Kawano et al.,?® The key reaction in this present
study for the synthesis of ZnO NPs is represented
stepwise as following:

Zn(OAc),. 2H,0 +double distled water — Zn(OAc), (ag.)
NaOH + double distled water - NaOH (aq.)
Zn(OAc), (aqg.) + 2NaOH (ag.) — Zn(OH), (aq.) +
2CH,COONa(aq.)

Zn(OH), (aq.) + 2H,0 — Zn(OH),*(aq.) + 2H*
Zn(OH),3(aq.) - ZnO I+ H,O + 20H"

X-ray diffraction
Record of XRD pattern of synthesized
ZnO NPs was done by Brucker AXS, Model D8, WI,
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USA. The CuKa radiation of 1 =1.5409 A was used
during the diffractogram record. The scan rate and
the 20 range were set up were 5°/min and (20° to
80°) respectively. This experiment was performed at
room temperature by keeping the voltage 40Kv and
current 40mA.

UV-Visible spectroscopic measurement

Shimazdu TCC 240A UV-Vis spectro-
photometer instrument was used to measure the
SPR (surface Plasmon resonance) of the prepared
aqueous solution containing ZnO NPs at 25°C. The
path length of quartz cubate cell was 1 cm.

Field emission scanning electron microscope
(FESEM)

Field emission scanning electron
microscope was done by using (HITACHI S-4800,
JAPAN) to study the surface morphology and size
of the synthesized ZnO NPs. The voltage of the
instrument was adjusted to 20kV. A dilute aqueous
solution containing 1 or 2 drops of etanol of the
powered ZnO NPs was prepared to make a film on
carbon tape. Vacuum desiccator was used for the
evaporation purpose and before taking FESEM the
dried sample was gold coated.

Transmission electron microscopy (TEM)
Transmission electron microscopy was
used to determine the core morphology and size of
the synthesized ZnO NPs. This study was performed
with the help of a high resolution transmission
electron microscope (Jeol-HRTEM-2011, Tokyo,
Japan) within the accelerating voltage range 80 to
85 kV. Adroplet of diluted (50 times) sample solution
containing ZnO NPs was casted on carbon coated
copper grid (mesh size 300C, PRO Sci Tech). This
sample containing Cu grid was incubated at least
3hrs before taking final TEM images. This sample
containing Cu grid was further utilized for the
selected area electron diffraction (SAED) and energy
dispersive X-ray (EDX) studies which are very much
necessary to characterize the synthesized ZnO NPs.

RESULTS AND DISCUSION

X-ray diffraction (XRD)

The XRD pattern of synthesized ZnO NPs
was represented by Fig. 1. The recorded data with
20 (in degree) and their corresponding planes were
given by Table 1. This result indicates the nature of
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the nanoparticles is crystalline and it matched with
JCPDS file no. 00-036-1451.
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Fig. 1. XRD pattern of ZnO NPs

Table 1: The value of 26 (in degree) with
corresponding plane (hkl)

20 (degree) 31.74 34.48 36.23 47.47 56.57 62.88 68.06 69.02

hkl 100 002 101 102 110 103 112 201

UV-Vis spectroscopic study

The SPR band of synthesized ZnO NPs
was obtained at 347nm which is a good indication
of formation of ZnO NPs. This result is also helpful
to understand that the diameter of these NPs should
be 10+2 nm which is further verified by FESEM and
TEM images.
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Fig. 2. The UV-Visible absorbance spectra of synthesized
ZnO NPs

Field emission scanning electron microscope
FESEM pictures of synthesized ZnO NPs
were shown by (Fig. 3a). The zoomed in pictures
were represented by (Fig. 3b-c). The spherical shape
of the produced nanoparticles was represented by
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(Fig. 3c). In this picture it has a clear view of the ZnO
NPs of average diameter 10+2 nm.

Fig. 3. SEM images of Zno nanoparticles ( a-c) with
different magnifications
Transmission electron microscopy (TEM)

TEM pictures were represented by (Fig.
4d-e) where it was observed that the morphology
of the synthesized ZnO NPs were spherical and the
average diameter of the nanoparticles were 10+2
nm. SAED pattern of the produced nanoparticles
were shown by (Fig. 4f) which is bright in nature
and this nature confirms that the nanoparticles are
crystalline in nature.

Fig. 4. TEM images of ZnO nanoparticles (d-e) with
different magnification. SAED pattern is represented by f

Electron diffraction X-ray (EDX)

The EDX was performed to understand
the elemental composition of the synthesized ZnO
NPs (Fig. 5.) which shows optical absorption only
for zinc and oxyzen element. There are two strong
absorption peaks at 1.0 keV and 8.6 keV out of four
optical absorption peaks of zinc and one for oxygen
at 0.5 keV.2This result clearly reveals that ZnO NPs
which were formed are of highest purity.
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Fig. 5. EDAX of ZnO nanoparticles
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CONCLUSION

The XRD study confirms the production
of ZnO NPs with definite planes and very good
crystalinity. The UV-Visible study gives the
information of production of ZnO NPs as there is
peak at 347nm. This result is also an indication
of about the diameter of the nanoparticles which
is further confirmed by SEM and TEM studies.
Both of these studies suggest that the diameter
of synthesized ZnO NPs is of 10+2 nm and their
geometrical shape is spherical. The nature of
these ZnO NPs is crystalline which was proved by
SAED. The EDX study was an evident to proof the
purity of synthesized ZnO NPs. So here pure ZnO
NPs were produced of average diameter10nm
in aqueous medium and are spherical in nature
which indicates that this particular method may be
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helpful economically to boost the chemicophysical
properties of synthesized nanoparticles as this
synthetic method has a control over size and
shape of the nanoparticles.*
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