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ABSTRACT

Present study focuses the synthesis and charaatierizof undoped and zinc doped nickel oxide nartapes.

Prepared nanopowders have been characterized bynsneax-ray diffraction method, high-resolution snang

electron microscope, ultraviolet visible spectroengphotoluminescence spectrometer, Fourier tramsfmfrared

spectrometer, impedance meter, and thermal gravienahalyzer. X - ray diffraction analysis confirchehe

average crystalline size of the nanopowder is lmsmn 20 nm. Ultraviolet-visible spectrometer receddthe
absorption peaks between 336 - 346 nm, correspgnidirthe energy gap of 3.70 — 3.58 eV. Photolurcivese
spectrometer showed the near band edge emissiamiefdransform infrared spectroscopy analysis ¢onéd the
formation of the nickel oxide and the zinc dopdtie high-resolution scanning electron microscopagendepicts
that the particles are uniform in size and they aresevere agglomeration. The dielectric studigslgshed the
decrease in dielectric losses with increasing #ragerature as well as frequency. Thermo gravimstudy shows
that the prepared samples have good stability.

Key words: NiO nanoparticles; Crystal structure; MicrostruetUenergy gap; Photoluminescence.

INTRODUCTION

Recently nanostructured semiconductor metal oxadegyradually gaining attention due to its extrawad, optical
properties [1, 2]. Many researches are workingiualdnt metal-doped nickel oxide (NiO) nanopartifde a wide
range of applications. Certainly, NiO is one of gremising and environment friendpstypesemiconductors with
wide band gap energy ranging from 3.6 to 4 eV (Walkn). It is extensively used in many areagh assensing
devices, chemical micro sensors, gas sensorsuéigre, spintronic devices, superconductors, soédls and anti-
ferromagnetic layers, quantum tunneling, excharggled dynamics, and optical coating [3- 4]. Ini&dd, NiO
nanomaterials are having excellent thermal stgbilithich makes them suitable for microelectroniosl &lectro
chromic material for display [5-6]. It is reportaHat the electrical conductivity of NiO is deperglion the
formation of microstructural defects, due to nickelcancies and interstitial oxygen in NiO crystadi [7].
Stoichiometric NiO is a Mott insulator but one danrease its p-type conductivity by doping an ioithwpositive
charge [8] and also by thermal treatment. Fefi idhs becomes Ni oxidation compensation and thus acquires on
excess oxygen becomes slightly non-stoichiometrit i vacancies are trapped by*Nons in the ground state [9].

There are few reports on synthesis and charactienizaf Zn doped NiO nanoparticles. For instancathhkumar
et. al.[10] investigated the structural, magnetic and tet@hemical properties of Zn doped NiO nanocryskais
chemical precipitation method at room temperatliteey observed that Zn doped NiO can be used irtretie
material for the supercapacitor application. Kérthi. al.[11] have found that the band gap energy Eg of NiO
2.93 eV. The increase in band gap energy of NiGparticles is the indicative of the quantum confiieat effect
and arising from the tiny crystallites. Golail al,[12]reported that NiO nanoparticles possess negémperature
coefficient resistance and ttee and dc conductivities depends on the temperature andbéntcles. In similar
fashion, Marlick etal.[13] investigated the activation energy and freqyeof NiO and Fe doped NiO, and they
found that the activation energy and frequency déjpg on electrical conductivity. They measuregl dictivation
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energy of NiO and Fe doped NiO is 0.51 and 0.85 relgpectively. Further they noticed that by inciegghe
dopant concentration the activation energy canneecased, due to solubility restrictions. RamasuRbddyet.
al.[14] found that the Raman peak presented at 518 camfirms Ni-O bands and no impurity peaks were
presented due to Cu dopant. Giant dielectric rasmnaias been identified in divalent metal ion dop&é@®
ceramics. Mallicket. al., [15] reported that the evolution of structure, rogtructure, electrical, and magnetic
properties of NiO with divalent metal ion dopinghély observed that the crystal structure is notcgdfi by the
divalent substitution, but microstructure is aféstt

The fundamental property of nanoparticles is se#iag their structure, particle size, distributiamd morphology
are nearly related to the preparation techniqueaiods synthesis methods have been developed anere
nanoparticles. For example, sol-gel method, sobttal method, electrochemical routes, hydrothenmattion,
and chemical precipitation method are the most commethod of preparing the nanoparticles. Here hawee
chosen the chemical precipitation method for thesent study. Compared to other method this is samplest
method, low cost, easy to prepare the nanopartields low temperatures, easy to produce the partioid to
control the particle size [16].

This article mainly focuses the synthesis and atiarzation of undoped and Zn doped NiO quantuns gt
chemical precipitation method at different Zn camcation. Structural, optical, morphological, pHatainescence,
dielectric behavior and thermal stability of thejpared samples have been studied.

EXPERIMENTAL SECTION

Synthesis of undoped NiO and Zn doped NiO nanopokvde

Undoped and Zn doped NiO nanoparticles were suftdgssynthesized by an simple precipitation metheing

analytical grade nickel acetate di-hydrate [Ni CB®OH):-2H,0 99.5%, Merck], zinc acetate [Zn(GEOOH),

99.7% purity] and sodium hydroxide (NaOH, Merck,3 purity). These chemicals were used withouthfent
purification.

For the synthesis of NiO sample, 200 mL of 0.5 Mkal acetate di-hydrate solution was taken in &éeaNith
this solution, required amount of sodium hydrox{8&OH) pellets were dropped directly in the solnt&o as to
reach the pH of the solution 12. The light greelntimn obtained so it was stirred with magnetiersti for 3 hours.
Following this,2 ml of Polyethylene glycol (PEG MW00) was added as a capping agent to the mirfunekel
acetate and sodium hydroxide solution and the saasekept in an airtight container for a two daywsaads the
slow crystallization. Consequently, NiO precipitatisettied down at the bottom of the beaker. Thensbdium
acetate [Na (CECOO)] transparent solution was removed and thdghestwere washed with distilled water and
ethanol several times to remove the unreacted coems.

Similar procedure was followed for the synthesisZof doped NiO (Ni,ZnO where x = 0.01, 0.03 and 0.05)
samples and then the particles thus obtained Waeefi and dried at 100°C for 2 hours in a hobain to remove
the remaining water content from the sample. Fjnalllthe four samples have been annealed at 3f0°€ hours.

Characterization

The prepared sample crystalline nature was ackmigel® using Philips Analytical X-ray diffractome{@iodel No.
PW1830) equipped with Ni filtered Cukradiation { = 0.154187 nm) foR¢ = 30 - 80°, with scanning rate of “5°”
min” operated at 40 kV/30 mA. Surface morphology alanental information of the samples were examingd b
using high-resolution scanning electron microsc@dB®SEM- FEI Quanta FEG 200). JEOL-2100 transmission
electron microscope (TEM) was used to confirm thierostructure and size. The absorption and tratanue
properties were studied by using Lambda 35 (PERKIMER: USA) Ultraviolet-visible (UV-Vis)
spectrophotometer. The functional group of the lgsized undoped and Zn doped NiO nanostructures wer
characterized by the fourier transform infrared IET spectroscopy in the range of 4000 — 400'cmihe
photoluminescence (PL) measurements were carriedt@aom temperature by means of PL spectrom&iendn,
SPEC-14031K, Japan) with a He-Cd laser line of B2bas the excitation source. Dielectric measuresnestre
characterized by using LCR HITESTER impedance maetedifferent temperature. Thermo gravimetric and
differential thermo gravimetric analysis has bearried out (NETZSCH STA 449F3) in,dtmosphere.
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RESULTS AND DISCUSSION

Structural analysis

The phase composition, purity and structure of ghepared nanoparticles were examined by x-ray adifion
(XRD) method. Figure 1 shows the x- ray diffractipattern of Ni,ZnO (wherex = 0, 0.01, 0.03 and 0.05)
nanoparticles recorded at room temperature. Theakspat the scattering angle$)(af 37.16, 43.29, 62.8, 75.24
and 79.43correspond to the reflection planes (222), (408)0f, (622) and (444) of NiO crystal, respectively.

(222 (400)

Intensity { a.u)

10 20 30 40 50 60 70 80
Position [2Theta]

Figure 1. X-ray diffraction pattern of the Ni;,ZnsO (x= 0, 0.01, 0.03, and 0.05) nanopowders annealeda0 °C for 3 hrs show that the
crystal structure of the samples is cubic till x> 0.01 thereafter impurity phase arises

From the XRD pattern, it is clear that untiF 0.01 there is no other characteristic peaksh siscnickel, zinc or
zinc oxide, can be detected, indicating that a Isimfgce centered cubic structure was obtained usig
precipitation method. All diffraction peaks agresith (JCPDS CARD 89-5881). Further increase o 0.03 and
0.05, a less intense peak has been observed véhittariked by the * symbol. The high intensity pe4®0) has
been used to estimate the average crystalline(Big®f sample with the help of Scherer equation #rel lattice
constant gl .

0.94

D= 2cos6

fe
d(hkl) e
J (h+k+1D)

Where D is the mean grain sizg, is the x-ray wavelength (for CuoK radiation, . = 1.541 A), 9 is the
diffraction angle is the full width at half maximum (FWHM) @ndu is the interplanar distance collected
from the XRD result. The average crystalline sizéhe undoped NiO nanoparticle is 11 nm and it feasd to
increase to 18.8 nm with increasing Zn concentnatibo5(wt %6).

The lattice constant calculated to fa& = ~ 8.330 A for NiO and it increases to 8.353dk 5% Zn doped NiO
nanopowder. Unit cell volumeVf has been calculated using the equatiomr ¥ and it increases from 578 to
582.81(A)% All these premeditated parameters are listedililet1. The increase in lattice constant and wilt ¢
volume may be due to the substitution of?Zan with larger ionic radius of 0.74 A in place W (0.69 A) ion.
We also noticed from the data in table 1, thatdhisrabout 0.83% increase in the unit cell volursehe lattice
constant increases from 8.330 to 8.353 A. Furttiex, XRD profile shows that NiO nanoparticles anersgly
crystallized with a preferred (400) orientation,ig¢thhas been observed by other authors [17,18].di$lecation
density ‘S’ is a measure of amount of defects aamhncies in the crystal which can be determineah fitee particle
size “D” using the formula
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It can be seen from the table 1 that S decreasorg 8.2 x 16° to 2.8 x 16° with increasing Zn concentration. It
indicates that the lattice imperfection decreasitis particle size. Similarly, micro-strair)(can also be calculated
using the formula

_ B cosB
Micro-strain =

Table 1: Crystalline size, lattice parameter, unitcell volume undoped and Zn doped NiO nanoparticles

Sample Average crystalline size| Lattice constant | Unit cell volume Mlcrczstraln Dislocation Density (S)
(nm) ‘@ (A) Vv (A)? 107 10
NiO 11.06 8.330 578.00 3.2 8.2
Nig.0eZN0.0:10 13.80 8.338 579.68 4.0 5.3
Nio.91ZN0.0:0 16.21 8.350 582.18 3.2 3.8
Nig.9:ZN0.0:0 18.84 8.353 582.81 7.2 2.8

It has been observed that the micro-strain is ased from 3.2 x I®to 7.2 x 1CG as the Zn concentration is
increased from 0 to 5 (wt%). In general, variationmicro-strain may be due to the change in micuastire, size
and shape of the particles. Figure 2(a&b) depilés variation grain size vs. Zn content and vanatd lattice
constant and unit cell volume of the NiO:Zn nandipbas.
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Figure 2. Variation of (a) grain size vs. Zn contet and (b) lattice constant and unit cell volume vsZn content of the nanoparticles

UV -Visible analysis

The UV-visible absorption spectroscopy is one &f ¥ery important techniques to find the band gapudr study,
the optical absorption spectra of undoped and ZreddNiO samples between 250 nm to 550 nm were adedaand
the same is presented in Figure 3. It can be $edithte absorptior\{,) increases from 336 to 346 nmxaisicreases
from 0 to 5 (wt%).
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Figure 3. UV-Vis absorption spectrum of the synthaged Ni;.«ZnsO nanopowders: (a)x = 0, (b)x = 0.01, (c)x = 0.03, and (d)x = 0.05
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Energy gap of the prepared nanoparticles has balealated from the formula & (1240/1,,) and it is found to
be 3.70 eV for NiO and 3.58 eV for NiZnooO. Table 2 summarizes the energy gap variationZwé: ion
concentration. Here, theyBf NigesZno o0 is lower than that of bulk NiO, which correspaihé blue shift in the
spectrum. This confirms the quantum confinementatfin NiO nanoparticles and Zn doped NiO nanogiagi
Energy gap reported here matches well with theipuswvork [19].

Table 2: Energy gap variation vs. ZA" ion concentration

Zn concentration | Absorption peak | Energy gap
Sample
P x) (nm) eVv)
0.00 336 3.70
. 0.01 338 3.67
NizZnO 0.03 343 3.62
0.05 346 3.58

FT-IR analysis

Figure 4 shows the FTIR spectra of undoped andafred NiO nanopatrticles recorded in the range 00400400
cm™ The peak observed at 3641 tfor undoped NiO and 3635 ¢hfior 5(wt%) Zn doped NiO nanoparticles are
attributed to the O-H stretching vibrations of wateolecules present in the sample [20]. The ancddifxsorption
band centered at ~2826 ¢rof NiO and 2085 cih for Zn dopant NiO samples are associated with §retching
mode on the surface of the products [21]. In additb this, the peaks at 1639 tm633 critis attributed to the
O-H-O bending vibration modes. The bands appeaaing471 crit, 1023 cnil are assigned to the presence of
carbonates. Finally, the presence of NiO and ZreddgiO nanoparticles are confirmed by the absonppieaks at
515 cm', 510 cn¥. The broadness of Ni-O stretching vibration modd &n doped NiO vibration modes identify
that the synthesized samples are pure. Finallyn fld IR spectrum, it is concluded that the frequesiift from
lower wave number to higher wave number is duéédricreasing the Zn concentration.
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Figure 4. FTIR spectra of of the synthesized nanauvders: (a) NiO, (b) Nb.9eZNo.010, (€) Nip.97ZN0.0d0, and (d) Nip.9sZne.00

Photoluminescence (PL) analysis

The room temperature photoluminescence spectraddped and Zn doped NiO nanoparticles are shovfigune
5. It can be seen that the intensity only varieeneas no change in the position of the peak. M@edke spectrum
consists of four different emissions. The emissan355 nm, corresponds the energy gap of 3.5 e\thas
characteristic emission peak of NiO nanoparticlégen, the violet emission at 410 nm and blue ewisat 490 nm
are weak. These weak emissions are the resultasfbvend edge emission. Two strong shoulder peatrobd at
520 nm to 538 nm are represents the green emibsioth and this emission arises from the defectsi@/MO:Zn
lattice.When increasing the dopant concentratintgnisity of the emission decreases compared tairideped, it
reflects the dislocation density value calculatexhf XRD data. From the PL graph it is concluded tha light
emitting properties of synthesized samples have lised in green emission optoelectronic devicese&det. al,
[22] has observed similar type of PL spectrum
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PL Intenslty (CPS)
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Figure 5. Room temperature PL spectrum of Ni,Zn,O (x= 0, 0.01, 0.03, and 0.05) nanopowders

Microstructural and Compositional analysis

Size and surface morphology of the undoped and aped NiO nanoparticles were examined by high resolu
scanning electron microscopy (HRSEM) and the rdsuttisplayed in figure 6(a-c). The figure revetdat NiO
particles having uniform size of 7 nm nanoparticléth severe aggregation. When doping Zn concedotras
increased, the particle size also increases tarilimaddition, the morphology of the particlesnsformed to rod-
like structure as the Zn concentration is furthecréased to 5(wt%). The surface of the particlgzears less
homogeneous on higher concentration. The pasizke estimated with HRSEM is less than the graia salue of
XRD result. As the particle size is of the orderl6fnm,i.e., quantum dotst results in agglomeration. To confirm
the particle size, we performed the TEM analysis.

Figure 6. HRSEM images of (a) NiO, (b) NigeZn.0:0, and (c) Nb.eZNno.0dO nanopowders

Figure 7 is a typical TEM image of undoped NiO ngeamticles. As seen, the sample consists of very dipherical
particles with some nanorods. This kind of microsture was also observed previously for NiO/NiO:Fe
nanoparticles systems [23].

Figure 7. TEM image of NpgesZno.oO powder
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Figure 8 (a&b) shows the typical Energy Dispersi¥eRay Spectroscopy (EDS) spectra of the NiO and
NigoxZ€.050 nanocrystalline particles, respectively. It isarl from the images that the undoped sample cantain
only Ni and O elements while the Ni and Zn elemearis present in the Zn doped sample which confitmes
successful doping of Zn in the NiO host structund purity of the samples. The Zn concentrationhi@ &bove
mentioned NjgZ€ 00 sample is found to be 3.48%. Result of EDS aimlgsshown in the inset of the respective
figures.
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Figure 8. EDS analysis of NiO (Left), NigsZno.0sO (Right) nanopowders

Thermo gravimetric analysis

Figure 9 shows the result of thermo gravimetriclysia (TG) and differential thermal analysis (DT&)rve for
undoped and 5wt% Zn doped NiO sample, which wasiethiout from the ambient temperature to 700°C in
presence of N atmosphere to study the thermal stability [24]. i§kie losses were observed at different
temperatures. The first weight loss 8% for undoged Zn doped NiO were recorded around 120 °C wikiclue to
the evaporation of the water molecules and moistfiroduct. Second weight loss (22%) recorded betw120°C
and 240°C is attributed to NGnd mixture of nickel nitrate. At the same time ttombustion of Zn organic
compound is the main reaction of the weight loss ttuthe dopant concentration. The sharp peak&@tC2for
undoped NiO and Zn doped NiO are evidence of exotleepeak. Third weight loss (7%) occurred betw2éa°C

to 335°C is associated with the decomposition ¢OMi),. Final weight loss occurs around 335°C - 400°G.Flage

is identified as complete crystallization of NiOdaBn doped NiO nanoparticles. Based on the TG& D@&gult, it

is confirmed that undoped and Zn doped NiO nanapesthave the slightly changes in same thernadlilgty.
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Figure 9.TG - DSC curve of NiO, Nj ¢sZno 0O nanopowders

Dielectric analysis

According to the theory, the dielectric behavioffs tbe nanomaterials are mainly due to differentesymof
polarizations present in the material [25]. In firesent work, we have studied the dielectric prigeiof undoped
NiO and 5(wt%) Zn doped NiO investigated using LBRester impedance meter. For this study, we meaistive
dielectric loss (ta) at different frequency and temperatufemperature dependant dielectric loss of undoped a
Zn doped NiO nanoparticles are shown in Figurel® £g. It is clearly observed that the dielectris$ of undoped
NiO is high at lower temperature and it goes dovith 'vequency, irrespective of the temperature.
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Figure 10. Dielectric constant vs. Log frequency af) undoped NiO. (b) Nb.gsZNno.0sO nanoparticles

For the case of NbsZny 0O sample, initially dielectric loss decreasesttitk log frequency 2 thereafter it reaches
maximum at log frequency 4. At this particular fnegcy, dielectric loss is maximum at 140°C thedeitreases as
usually. Therefore, the dielectric loss study iaférat the dielectric loss of NiO having a homogerseresponse for
all temperature and frequency whereas Zn doped $ffdple has slight changes in all the temperatute an
frequency.

CONCLUSION

In conclusion, NiO and Zn doped NiO nanoparticlasehbeen successfully synthesized by chemical gitaton
method. The XRD result confirmed that the prepasathples have FCC structure and the average grazén si
increases with Zn concentration. This result i® @lenfirmed by HR-SEM and TEM analysis. UV- Visilskesult
confirmed the energy gap of the synthesized natiofear is less than that of bulk NiO which in twanfirms the
guantum confinement effect. The functional grougniified from FTIR result confirmed the formatiohNiO and

Zn doping. Dielectric analysis confirmed that Zmpihg increases the dielectric loss at high frequenas a final
point, it is concluded from the PL studies, thad #n doped NiO nanoparticles can be used in gregesen
optoelectric devices.
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