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ABSTRACT

In this contribution we are presenting a simplegjpiation method to synthesize zinc oxide (ZnQ)oparticles
using zinc nitrate and urea in aqueous solutione Bbtained precipitated compound was calcined dancsirally
characterized by Powder X-ray diffraction (XRD), efimogravimetric analysis (TGA), Scanning electron
microscopy (SEM), Transmission electron microso@M), Fourier transform infrared spectroscopy (R)land
UV-Vis spectroscopic techniques. The powder X-gtg ¢hdicates that the calcined compound exhibéitsagonal
(Wurtzite) structure with space group of P63mc (lI86). The thermal behavior of as-prepared compowad
examined and it indicates that there is no furthess loss above 450 °C. Scanning electron micrdgrahow
uniform spherical like morphology of ZnO. The TEdults reveal that the particle sizes were in tteeepof 30-50
nm and the average particle size is around 35 nine TFT-IR result shows the existence of ¥D,, CO, CGQ
groups in uncalcined sample. The band gap was hiffiresynthesized ZnO particles than their bulk muparts.
The results indicate that urea is an attractive enal that can be used as precipitation agent feegaring ZnO.
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INTRODUCTION

ZnO is a unigue and key inorganic material that besn attracted an extensive research due to dscteristic
features and novel applications in wide areas dénse and technology. It has multiple propertigee i
semiconducting, piezoelectric, pyroelectric, cagy optoelectronics and powder metallurgy [1].atidition, the
optical properties of ZnO nanoparticles play a vienportant role in optoelectronic, catalytic andofgthemical
properties [2]. Recently, the material scientidtsoser the world have used different methods sashchemical
vapor deposition (CVD), electro deposition (ED)digthermal, electrochemical, solution combustioni-gel,

vapor-liquid—solid process, pulsed laser deposkiod precipitation method for the preparation o©Zrowder and
thin films with varied morphology and controlledogrth which was stimulated because of strong deparydef its

properties on size, shape and ratio of orientdehl].

ZnO is an intrinsic n-type semiconductor matert@tthas been hexagonal structure with lattice peters of
a=b=0.3250 nm and ¢=0.5207 nm [12, 13]. Also, & ide band gap of 3.37 eV gives this material gmen hand
compared to others [14, 15]. Due to this specidéia, the ZnO has an edge for applications ofisentductor
including transparent electronics, ultraviolet (UVyht emitters, piezoelectric device, chemical gsensor,
transistors, solar cells, catalysts and spin edeats [16-19]. Among all methods, precipitation audi-gel technique
provides suitable control of nucleation, ageing gnowth of particles in solution. The direct prdtafion is also
one of the simple and cost effective method fokharbduction of materials [20]. In this method, e growth
owes to interact between different aqueous solatiand therefore very small particles are formedyTSize
particles with lower solubility product dissolve came-precipitate on the surface of larger partiglesolution;
consequently agglomeration takes place in solw®sthe particles clog together to minimize surfamergy [21]. In
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this paper, a simple and cost effective direct ipiation method was used to synthesize ZnO nattigfes using
urea as a precipitating agent. The precipitatingnagvill help to control particle size and dispersin the solution
and also expansion during calcinations.

MATERIALS AND METHODS
Starting Materials and Synthesis of Zinc Oxide Nanparticles

Zinc nitrate (Zn(NQ),.6H,0O) and urea (CO(NRL) were purchased from Fisher scientific, Germang ased
without further purification. Double distilled watevas used to prepare precursor solution. ZnO remticfes were
synthesized by direct precipitation method usini ziitrate and urea as precursors. In a typicathggns, 0.5 M
(4.735 gm) zinc nitrate (Zn(Ng.6H,O) was dissolved in 50 ml of distilled water andvas kept under constant
stirring for 30 min to complete dissolution in tkame way 1M (3.002 gm) urea was also prepared imi56f
distilled water with constant stirring for 30 mi22]. Urea solution was acted as precipitating agedtadded drop-
wise into zinc nitrate solution with vigorous sitiig at 70 °C for 2 hr to allow complete growth @fnoparticles. The
final precipitating solution was turned to whitisloudy. The white precursor product was centrifuge8000 rpm
for 10 min and washed with distilled water to remaany impurities or possible absorbed ions. Theinét
product was calcined at 500 °C in air atmospherg&for using muffle furnace. The chemical reactionsurred in
this process is shown in Scheme 1.

I Zn salt solution I I Precipitation agent solution

Zn: Urea=1:2

Stirring for 30 mins, 70 °C ,l,

I Precipitation precursor I

|

Filtering, washing and drying I

Calcination at 500 °C, 3 hrs l

Zinc Oxide NPs |
I Characterization I

Scheme 1: Chemical reactions to synthesize zinc d&inanostructure

Structural Characterization

The as-synthesized ZnO was subjected to thermogeasc analysis (TGA) and it was performed in the
temperature range 30-800 °C at a heating rate °@/®in under nitrogen atmosphere using a SDTA-85rdm
Mettler Toledo. To determine the crystal phase tifieation and estimate the crystallite size, powderay
diffraction (XRD) patterns were recorded for syrsized samples using Bruker - D8 Advance Powder yX-ra
diffractometer with Cu K radiation, {c, = 1.5418 A) working at 30 mA and 40 kV. To meastire particle size
and morphology of ZnO nanoparticles, transmissitatteon microscopy (TEM), LEO-Libra 120 and scamnin
electron microscopy (SEM), Zeiss Supra 35VP wessluBourier transform infrared spectra (FT-IR) wel¢ained
on KBr pellets at ambient temperature using a BrieIR spectrometer (TENSOR 27). FT-IR spectrogdophe
transmission mode gives qualitative information whibe way in which the adsorbed molecules are &drid the
surfaces as well as the structural informationadids. The UV-Vis absorption spectra were recortgdMettler
Toledo spectrophotometer. The nanoparticles wespedsed in ethanol and were sonicated prior to UY-V
measurement for uniform dispersion.
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RESULTS AND DISCUSSION

Powder X-ray diffraction (XRD) studies

The powder XRD patterns for the synthesized comgo(galcined at 500 °C for 3 hr) obtained from direc
precipitation of 0.5 M Zn(Ng),.6H,O and 1 M CO(NH), were shown in Fig. 1. The XRD peaks in the widelang
range of B from 10° to 90° with CuKradiation. It can be seen from Fig. 1, the powXlRD patterns were indexed
to pure hexagonal structure with lattice parameter a=3.25 Aandt =5.2 A and its space groupés;mc
The peaks appeared & eange of 31.76°, 34.42°, 36.25°, 47.53°, 56.52286°, 66.37°, 67.94°, 69.08°, 72.56°,
76.95°, 81.38° and 89.61° values corresponds te puO. They are matching with the standard JCPD& rwa 01-
79-0206, indicating that the ZnO particles are aljige structure. The average crystallite sizesewalculated by
using the Debye - Scherrer equation:

D= KA 1)

- Bcod

where D is the diameter of the crystallite sizéskKhe shape factor (the typical value is 0295 the wavelength of
incident beamy is the broadening of the diffraction line measumedadians at half of its maximum intensity
(FWHM) and®6 is the Bragg’s angle [23]. From the XRD data, dwerage crystallite sizes were found to be 35 nm.

No other peaks were observed in calcined compowhith indicates the formation of a pure hexagotraicture of
Zn0.
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Fig 1. X-ray diffraction patterns of zinc oxide naroparticles

Thermogravimetric (TGA) analysis

To know the decomposition and phase formationabatirs during heat treatment of the as-preparegoand, the
thermal analysis was carried out in the temperatange of 30°C-800°C. TGA of an as-prepared comgouas
performed by heating it in an alumina crucible iina 5°C/min. Figure 2 shows the thermal behay(iaggA) of as-
prepared compound obtained from direct precipitatib0.5 M Zn(NQ),.6H,O and 1 M CO(NH),. It can be seen
that there are two pronounced mass loss steps e@ntdmperature ranges 30°C-150°C and 160°C-450°C,
respectively, in TG curve. The first weight lossmsinly attributed to the evaporation of surfaceaatled water,
whereas the second one might be ascribed to ttagilizztion and combustion of organic species imgla. The
first mass loss step was gradual and in the rah§8°€—150°C. The mass loss was 18.9%, and thisdbsnass is
attributed to the removal of surface adsorbed whitean aqueous urea and nitrate solution. The sestep was
main mass loss occurred at 160°€50°C, and the weight loss was 32.6% which is duth¢ volatilization and
combustible organic species present in the sarfipiere is no associated signal with these lattemntheevents in
the TGA curve confirming the crystallization andagh transition events of ZnO nanoparticles.
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Fig 2. TGA curve of precipitation precursor

SEM and TEM analysis

Electron photomicrographs of ZnO nanoparticles ioleth from direct precipitation of 0.5 M Zn(NJ.6H,0 and 1

M CO(NH,), calcined at 500 °C for 3 hr are shown in Fig. 8jufFe 3(a) reveals the SEM images of ZnO
nanoparticles and we observed the particles wedé dedined and small spherical shaped with agglatest
particles. The TEM images of ZnO nanoparticles ioleth from direct precipitation of 0.5 M Zn(NJ.6H,0 and 1

M CO(NH,), calcined at 500 °C for 3 hr are shown in Fig. 3djer the heat treatment at 500 °C for 3 hr, Zm®©
particles were found in the range of 30—-50 nmatt be observed that ZnO nanoparticles mainly pteg@mules
with small spherical shape and are well crystadlize

X 150000 200nm,

Fig 3. Electron photomicrographs of ZnO nanopartices (a) SEM image and (b) TEM image

FT-IR Spectroscopy

Infrared spectroscopy was used to detect the pcesehfunctional groups adsorbed on the surfacgyothesized
nanoparticles during precipitation process. Figineepresents the FT-IR spectra of ZnO powder obthin5 M
Zn(NGy),.6H,0 and 1 M CO(NH), calcined at 500 °C for 3 hr. Figure 4 indicatest tthe absorption peak in the
range of 3200-3600 chwas observed. This was centered at 3438 carresponds to the stretching vibration of
intermolecular hydrogen bond (O-H) existing betwehe adsorbed water molecules and indicates ititesth
amount of hydroxyl group. The results were well chad with the observation done by Xianxi et al][Z4e peaks
at 1389 and 1633 chare attached to ZnG@nd bending vibrations of Zn(Ok)and the absorption band in 600—
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1100 cnt is due to the lattice vibration of GO It is interesting to note the two weak bands@8®and 2856 cth
in calcined compound corresponding to the C—H aliiey modes of urea carbon chain, which indicabes its
molecules were present on the surface of ZnO naticlea. The band near at 2346 trmonfirms the presence of
bending vibrations of the intercalated O=C=0 spepduced by the urea decomposition in the ingfakcess of
preparation. The weak band at 692 and 887 appearing in IR spectrum of calcined (500 °C) comm indicates
the presence of stretching and bending vibratidrnthe intercalated C—O species. The characteniak around
532 cm' becomes stronger, indicating the formation oftshiag mode of ZnO. This indicates the presencand
nanoparticles in calcined compounds.
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Fig 4. FT-IR spectra of ZnO obtained from 0.5 M Zn{NO3),.6H,0 and 1 M CO(NH,), calcined at 500 °C for 3 hr
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Fig 5. UV-Vis spectra of ZnO obtained from 0.5 M ZNO3),.6H,0 and 1 M CO(NH,), calcined at 500 °C for 3 hr

UV-Vis spectroscopy

The UV-Vis spectra of ZnO nanoparticles obtain@anfi0.5 M Zn(NQ),.6H,0 and 1 M CO(NH), and calcined at
500 °C for 3 hr were shown in Fig. 5. For recordihg—Vis spectra, the sample of ZnO solution wagpred by
ultrasonically dispersing them in absolute ethambk absorption peak in Fig. 5 correspond to Zn@pda calcined
at a temperature of 500 °C showing the strong glisorin the wavelength of 378.3 nm. This can k@geed to the
intrinsic band gap absorption of ZnO due to thetedm transitions from the valence band to the cetidn band
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[6]. The band gapHQ) of ZnO nanoparticles was calculated by usingfthmula Eg=hc/ [25], whereh = Planck’s
constantc = velocity of light andl = wavelength. The corresponding band gap was feorme 3.27 eV. Further,
the XRD and TEM results suggest that the ZnO degtiare in the range of 30-50 nm. The presermigatation
method for generating ZnO nanopatrticles is in e begion compared to the bulk ZnO (3.37 eV).

CONCLUSION

In the present work, the nanosized ZnO particlesevseiccessfully generated by direct precipitatiedthod using
zinc nitrate as zinc source and urea as precipgatgent in aqueous solution. In XRD analysis sike range of the
generated ZnO powder was approximately 30-50 nrmA Tévealed that the sample contains N@O, CQ, and
H,0. The SEM analysis shows that the particles mdggyowas spherical structure. The TEM images condil
the small spherical shape of ZnO nanoparticles thatl they are well crystallized in the nanosize36£50 on
nanometer scale. The FT-IR spectrum shows theesxistof OH CO,, NO,and CO groups in uncalcined sample.
The band gap was lower for synthesized ZnO naniefeatthan their bulk counterparts. Thus, the sgsithof ZnO
nanoparticles by direct precipitation method isganfast and eco-friendly in nature.
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