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INTRODUCTION

Nano science and nanotechnology have been making significant progress and their effect on every field has been truly
acknowledged in the world. Nanotechnology which involves the manipulation of the matter at Nano and molecular scale perceived
attention in miniaturization of semiconductors, optical and electronic devices [*2. Among the unique properties of nanomaterial, the
movement of electrons and holes in semiconductor nanomaterial is primarily governed by the well-known quantum confinement,
and the transport properties related to phonons and photons are largely affected by the size and geometry of the materials 6.,
The specific surface area and surface-to-volume ratio increase drastically as the size of the material decreases 7. Parameters
such as size, shape, and surface characteristics can be varied to control their properties for different applications of interest (&,

Semiconductor Nano crystals (NCs) can be synthesized from a variety of different compounds. They are referred to as II-VI,
-V or IV-VI semiconductor Nano crystals, based on the periodic table groups into which these elements are formed. For example,
silicon and germanium are group IV, InP, GaN, GaP, GaAs, GaP, and InAs are IlI-V, while those of CdS, CdSe, ZnO, ZnS, and CdTe
are II-VI semiconductors.

Zinc oxide (ZnO) nanoparticles are a very interesting material because of their wonderful applications in the construction of
electronic, optical, and acoustic devices . ZnO is a semiconductor material with a direct wide band gap energy (3.37 eV) and a
large exciton binding energy (60 meV) at room temperature . Due to this Nanostructured ZnO finds applications in spintronics
due to its ferromagnetic properties which in turn depend upon the grain boundaries in doped Zn0O 412, Due to their remarkable
performance in electronics, optics, and photonics, ZnO NPs are attractive candidates for many applications such as UV lasers,
light-emitting diodes, solar cells, Nano generators, gas sensors, photo-detectors, and photo catalysts 39,

Various methods for preparing ZnO nanoparticles have been investigated such as sol-gel process %24, chemical co-
precipitation 223, chemical vapor deposition 24, thermal decomposition 25281, hydrothermal synthesis ?”), solid-state reaction 128,
spray pyrolysis ?°!, and micro-emulsion precipitation %32, These methods have allowed us to obtain various ZnO structures such
as Nano spheres, Nano rods, Nanowires, and Nanotubes.

AmongZn0O NP synthesis majority of the researchers have used sol gel method. Nano crystalline zinc oxide with different particle
shapes and sizes was synthesized by hydrothermal method 3. .Nano crystalline zinc oxide with zinc 2-ethylhexanoate (ZEH) and
effect of ZEH concentration was studied 4. Studies showed the use of cationic surfactant CTAB (cetyltrimethylammonium
bromide) controls not only growth and nucleation of crystallites during synthesis, and also prevents the formation of
agglomerates %, By using emulsion method role of surfactant Span 80 on ZnO NPs was studied ¢\ Microcrystals of zinc oxide
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with various shapes (including forms approximating rice grains, nuts and rods) in the presence of sodium dodecyl sulfate (SDS)
and triethanolamine (TEA) as cationic surfactant 37\, Thin layer of zinc oxide was prepared using pulsed laser deposition, under
pressure effect of temperature on the structural and optical properties was determined 8. Microwaves heating effect of precursors
used on the morphology and aggregation of ZnO #°.. AAO (anodic aluminum oxide) assisted synthesis of ordered ZnO nanotubes
was demonstrated 4%, By chemical synthesis pH affected the size and shape of the ZnO particles was demonstrated 1. Hall effect
on the synthesized Nano hetero-junction (p-ZnO/n-Si) which have wide range applications in, BJTs, MOSFETs and other electronic
circuitry 42, Three routes by emulsion, micro emulsion, and chemical precipitation with surfactant (cationic, anionic or non-ionic)
was synthesized 3. N-doped, P-type ZnO thin films have been grown by plasma-assisted metal-organic chemical vapor deposition
method for the determination of donor/acceptor energy levels 1“4, By the incorporation of dopants or formation of a composite
with other materials, the photo catalytic properties of ZnO could be enhanced #®,

In our study, we synthesize highly crystalline ZnO nanoparticles using a co-precipitation method. Effect of nitrogen on the
growth of particle size was examined. Different characterization tools such as X-ray diffraction, SEM, DLS, FTIR, UV-Visible and
Photoluminescence were carried out to KNOW ABOUT particle size, morphology, different bond and the luminescent behavior
of the synthesized nanoparticles. Studies showed the formation of crystalline hexagonal nitrogen incorporated ZnO with quasi-
spherical particles with the average size of 90 nm was synthesized. Behind synthesis following reaction is carried out.

For preparing zinc oxide through chemical route, there are two phases which can be categorised as initial and dehydration
phase.

Initial phase: Initially, zinc hydroxide was formed as given below:
Zn(NQ,),. 6H,0+2NaOH=Zn(0OH), (gel)+2NaNO,+6H,0 (1)
Dehydration Phase: The following reaction (2) took place in the dehydration phase:

Zn(OH), (gel)=ZnO (s)+H,0 2)

EXPERIMENTAL SECTION

Zinc nitrate hexahydrate (Zn (NO,)26H,0) was procured from Sigma Aldrich and Sodium hydroxide (NaOH) and Urea (Nitrogen)
(CH,N,0O) were procured from HIMEDIA. All the chemicals were used in analytical grade and without further purification. Deionized
water was used throughout the experiment.

Zn0 nanoparticles were prepared by co-precipitation method. A volume of 50 ml of 0.1 M zinc nitrate hexahydrate precursor
aqueous solution was prepared under vigorous stirring for 20 min. 25 ml aqueous solution of 0.2 M NaOH was added drop
wise to 50 ml of zinc salt precursor solution under constant stirring and the reaction was continued for 40 min, yielding a white
precipitate. Thereafter, the solution was allowed to settle for 3 h, the particle suspension was transferred to centrifuging tubes
and subjected to centrifuging at 3000 rpm for 10 min. In each centrifugation, the reaction medium was changed using distilled
water and ethanol and is repeated thrice. Then, the precipitates were dried at room temperature for overnight. In order to study
the influence of Urea (Nitrogen) (CH,N,0) on the formation of ZnO nanoparticles, concentration of Urea (Nitrogen) (CH,N,O was
varied from 0.2,0.3 M, and 0.4 M. Effect on the particle size with the increase in concentration of nitrogen was examined. The
crystal structure and phase analysis of the nanostructures were investigated using an X-ray diffractometer (Bruker Advance R8)
in the angular range of 2q from 20 to 80°. Size determination was carried Dynamic Light scattering (Malvern S90). The surface
morphological analysis of the nanoparticles was studied using FE-SEM (Merlin-Compact). Various bonds between undoped and
doped nitrogen ZnO nanoparticles were examined by FTIR (Bruker ALPHA). UV-visible absorption spectra of all the samples were
recorded using a UV-visible spectrophotometer (Schimadzu UV-2600). Photoluminescence emission spectrum was recorded at
Photoluminescence (EdinburlnstrumentsFLS 980) (Figure 1).

Dropwise NaOH

Oxygen Zinc

\/7

Zinc Acctate zinc Acetate zinc Acetate Crystalline structure of
+ Urea +Urea+NaOH ZnO NP'S

Figure 1. Synthesis of ZnO Nanoparticles.
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RESULTS AND DISCUSSION

Fourier Transform Infrared Spectroscopy

Fourier transform infrared spectroscopy gives the information about the functional group attached to the material.
Figure 2 Undoped ZnO where peak at 3390 cm™ shows absorption of Zn-O bonds. Peaks at 1391 and 1579 cm™ are asymmetric
and symmetric stretching of Zinc Carboxylic due to C=0, O-H bending vibration. Peak at 882 cm™ shows carboxylic and hydroxyl
impurities. Peak at 676 cm™ show Zn-O bond peak. Figure 3, 0.2 M Nitrogen Doped ZnO. In this peaks at 3855 and 3747 cm™*
shows hydroxyl due to O-H stretching vibration. Peak at 2969 cm™ show C-H stretching vibration of alkane group. Peaks at 1744
and 1522 cm? show asymmetric and symmetric stretching of Zinc Carboxylic due to C=0, O-H bending vibration. Peak at 1052
cmshows carboxylic and hydroxyl impurities. The FTIR spectra did not present any of the characteristic bands of the urea, which
is presented at 3210 cm™. Figure 4 peaks at 3742 cm™ shows hydroxyl due to O-H stretching vibration. Peaks at 1393, 1522 and
1694 cm™ show asymmetric and symmetric stretching of Zinc Carboxylic due to C=0, O-H bending vibration. Peak at 896 cm™*
shows carboxylic and hydroxyl impurities. Peak at 669 cm™ show Zn-O bond peak. Figure 5, peak at 3740 cm™ shows hydroxyl due
to O-H stretching vibration. Peaks at 1396, 1541 and 1638 cm™ show asymmetric and symmetric stretching of Zinc Carboxylic
due to C=0, O-H bending vibration. Peak at 911 cm™* shows carboxylic and hydroxyl impurities.
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Figure 3. 0.2 M Doped ZnO.
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Figure 5. 0.4 M Doped ZnO.
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Dynamic light scattering (DLS) which is based on the laser diffraction method with multiple scattering techniques was
employed to study the average particle size of Zinc Oxide nanoparticles. It was based on Mie-scattering theory.. The size of the
Undoped ZnO nanoparticles is 349.1 nm in Figure 6 and size of the Doped ZnO nanoparticles with the doped Nitrogen 0.2 M is

325.2 nm in Figure 7, 0.3 M is 127.1 nm in the Figure 8 and 0.4 M is 96.77 nm in the Figure 9.
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A UV-Visible spectrum shows the dependence of absorption coefficients on the photon energy for the ZnO nanoparticles. It is
clear from this figure that the absorption coefficients obeys the direct equation better than the indirect equation. The optical direct
band gap calculated from the formula hv=1240/A is 3.31 eV. These results clearly indicate that increase in nitrogen concentration
causes blue shift in absorption spectra. This may be caused by the variation in size of the particles with nitrogen concentration.

As the nitrogen concentration increases from 0.2 M to 0.4 M, there is an increase in band gap. This also shows that increasing
the concentration up to 1 M allows us to get more band gap and enhanced luminescent

As observed in the UV-Vis spectra Nitrogen Doped ZnO show blue shift due to quantum confinement. ZnO Undoped
is observed at 371.3 nm in the UV-Vis region. Now, with the doping of Nitrogen peak is observed blue shift due to quantum

confinement (Figure 10).

Peak is observed at 0.2 M Nitrogen Doped is 369.1 nm in Figure 11 and band gap is 3.35 eV.
Peak is observed at 0.3 M Nitrogen Doped is 367.4 nm in Figure 12 and band gap is 3.37 eV.
Peak is observed at 0.4 M Nitrogen Doped is 364.7 nm in Figure 13 and band gap is 3.40 eV.
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Figure 13. 0.4 M Doped ZnO.
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X-Ray Diffraction

Figure 14 represents the X-Ray diffraction pattern of ZnO nanopowder. A definite line broadening of the XRD peaks indicates
that the prepared material consist of particles in nanoscale range. From this XRD patterns analysis, we determined peak intensity,
position and width, full-width at half-maximum (FWHM) data. The diffraction peaks located at 31.86°, 34.44°, 36.31°, 47.65°,
56.70°,62.87°,66.46°, 68.04°, and 69.19° These lines were indexed respectively as (100), (002), (101), (102), (110), (103),
(200), (112) and (201) and correspond to hexagonal wurtzite phase of ZnO have been keenly indexed a have been keenly indexed
as hexagonal wurtzite phase of ZnO with Lattice constants a=b=0.324 nm and ¢=0.521 nm (JPCDS card number: 36-1451) and
further it also confirms the synthesized nanopowder was free of impurities as it does not contain any characteristics XRD peaks
other than ZnO peaks. The synthesized ZnO nanoparticle diameter was calculated using Debye-Scherrer formula

d=0.89A\/B cos 6,

Where 0.89 is Scherrer’s constant, A is the wavelength of X-Rays, 6 is the Bragg diffraction angle, and 3 is the full width at
half-maximum (FWHM) of the diffraction peak corresponding to plane (101). The average particle size of the sample was found
to be 350 nm which is derived from the FWHM of more intense peak corresponding to (101) planes located at 36.31° using

Scherrer’s formula.
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Figure 14. X-Ray Diffraction pattern of ZnO Undoped.
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Figure 15. X-Ray Diffraction pattern of Nitrogen Doped ZnO.

Figure 15 represents the X-Ray diffraction pattern of ZnO nanopowder. A definite line broadening of the XRD peaks indicates
that the prepared material consist of particles in nanoscale range. From this XRD patterns analysis, we determined peak intensity,
position and width, full-width at half-maximum (FWHM) data. The diffraction peaks located at 31.85°, 34.46°, 36.28°, 47.56°,
56.66°, 62.91°, 66.41°, 68.00°, and 69.16° These lines were indexed respectively as (100), (002), (101), (102), (110), (103),
(200), (112) and (201) and correspond to hexagonal wurtzite phase of N Doped ZnO have been keenly indexed a have been
keenly indexed as hexagonal wurtzite phase of N Doped ZnO with Lattice constants a=b=0.324 nm and ¢=0.521 nm (JPCDS
card number: 36-1451) and further it also confirms the synthesized nanopowder was free of impurities as it does not contain any
characteristics XRD peaks other than N Doped ZnO peaks. The synthesized N Doped ZnO nanoparticle diameter was calculated
using Debye-Scherrer formula. No additional peak due to nitrogen was observed in any of the spectra and hence the occurrence of
residual nitrogen or compound/complex of nitrogen, is also ruled out for prepared N Doped ZnO materials. In this context, it is well
established that the lattice distortion due to the defects (vacancies, interstitials, substitutions, local structure transformations
etc.) may cause the shift in XRD peak position depending on the type of strain in the crystal i.e., tensile or compressive strain,
the peak position shifts respectively towards higher or lower angle. Since the ionic radii of N (rN2*=1.46 A)is greater than that
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for O (r02+=1.38 A), N substituting O in ZnO lattice may result in tensile strain along with the expansion of crystallite size. Thus,
we conclude that N Doping into ZnO lattice is evident through peak position shift towards higher angle, however, the expansion
of ZnO lattice due to N Doping does not increase after 0.2 M (2%) doping concentration. Similar to the shifting in (101) peak
position, change in broadening of this peak may also be noticed in Figure 15. Since the peak broadening reflects the alteration
in crystallite size, it appears that crystallite size also changes with N Doping. However, the change in lattice constant is observed
from 0.2 M (2%) N Doping and it does not change afterwards in 0.3 M (3%) and 0.4 M (4%)., Where 0.89 is Scherrer’s constant, A
is the wavelength of X-Rays, 6 is the Bragg diffraction angle, and (3 is the full width at half-maximum (FWHM) of the diffraction peak
corresponding to plane (101). The average particle size of the sample was found to be 90 nm which is derived from the FWHM of
more intense peak corresponding to (101) planes located at 36.28° using Scherrer’s formula.

Scanning Electron Microscopy

Morphology and particle size determination of undoped and nitrogen doped ZnO nanostructures was studied. Figure 16
shows that the round and spherical shaped nanoparticles were synthesized. The average size of the Nitrogen doped ZnO is found
to be 90 nm while for the undoped it is 350 nm (Figure 17). Highly crystalline nanoparticle’s are formed and are parallel with the
XRD studies.

Figure 16. Scanning Electron Microscopy of ZnO Doped.
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Figure 17. Scanning Electron Microscopy of Nitrogen Undoped ZnO.

Photoluminescence

Photoluminescence (PL), properties of ZnO nanoparticle, is interesting as it provide valuable information on the purity and
quality of the material. Figures 18 and 19 shows the room temperature (RT) Photoluminescence spectra of the ZnO Undoped and
Nitrogen Doped nanoparticles prepared from the Zinc Nitrate in the wavelength range 450-700 nm. Figure 18 ZnO shows the
emission spectrum sample, under the excitation of 450 nm. In the spectrum, there are four emission bands. The emission band
Zn0O Undoped in the visible region can be observed with a peak at 474 nm, 530 nm, 556 nm and 620 nm. Photoluminescence
of ZnO Undoped nanoparticles at range 474 nm (2.61 eV) emit light in blue region is because of intrinsic defects such as oxygen
and zinc interstitials, 530 nm (2.33 eV) and 556 nm (2.23 eV) emit light in green region which is caused by impurities, a structural
defects in the crystal such as oxygen vacancies, zinc interstitials, etc and 620 nm (1.99 eV) emit light in red region due to
oxygen and zinc anti-sites. Figure 19 Photoluminescence of Nitrogen Doped ZnO shows the emission spectrum sample, under the
excitation of nm. In the spectrum, there are four emission bands. The emission band of Nitrogen Doped ZnO in the visible region
can be observed with a peak at 495 nm, 551 nm, 575 nm and 660 nm. Photoluminescence of Nitrogen Doped ZnO nanoparticles
at range 495 nm (2.50 eV) and 551 nm (2.25 eV) emit light in green region which is caused by impurities, a structural defects in
the crystal such as oxygen vacancies, zinc interstitials, etc, 575 nm (2.15 eV) emit light in yellow region and 660 nm (1.87 eV) emit
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light in red region due to oxygen and zinc anti-sites. The green band emission corresponds to the singly ionized oxygen vacancy
in ZnO in the bulk of nanoparticles and excess oxygen on the surface, which might be in the form of OH ions and results from the
recombination of photo-generated hole with single ionized charge state of this defect. The weak green emission also implies that
there are few surface defects in ZnO nanoparticles.
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Figure 18. Photoluminescence of Undoped ZnO.
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Figure 19. Photoluminescence of Nitrogen doped ZnO.

Optimization and Size Determination Calibrations

By different characterizations and size determination tools, it is crystal clear that with the increase in concentration of
corresponding the size of the ZnO nanoparticles decreases. So we have demonstrated a calibration curve for the synthesis
procedure to find out the least minimum size of the ZnO nanoparticles with the effect of increase in concentration of nitrogen.
In fig represents the particle size w.r.t. concentration with 0.2, 0.3, 0.4 doped nitrogen concentrations 325,137,96 nm size is
obtained and the synthesis curve follows regression to be R2=0.98 with particle to size determination with following equation
y=17.514x-1.787

From this, it can be said that with the addition of 1 M nitrogen concentration we can get the 17 nm of the synthesized
particles according to our purposed synthesized method.

CONCLUSION

Highly crystalline ZnO nanoparticles were synthesized by co-precipitation method. In this work, attempts were made to tune
the size of ZnO nanoparticles by controlling the growth parameters such as concentration of doped nitrogen. The XRD analysis
of the samples confirmed its hexagonal wurtize phase. FE-SEM micrographs showed the morphology of nanoparticles as quasi-
spherical with increase in concentration of the doped nitrogen decrease in the size is observed. The size of ZnO Undoped and
Doped nanoparticles analyzed by Dynamic light scattering (DLS) is found to be in the range of 50-300 nm. Due to quantum
confinement blue shift is observed in bulk UV-Vis spectra studies is observed at 374.5 nm optical energy gap determined by
applying Tauc’s equation is approximately equal to 3.31 eV. FTIR spectroscopy shows an increased carboxylate and hydroxyl
concentration in samples of smaller size, indicating that they are probably near-surface impurities. It is believed that these
surface carboxylate and hydroxyl impurities serve as primary non-radiative recombination centers during the relaxation processes
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of photo-excited valence electrons in our samples. Different dopants and core shell nanoparticles can be further employs to
enhance the properties of the synthesized nanomaterials.
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