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Abstract : This article deals with the synthesis and characterization of nickel doped zinc oxide
nanopowder prepared by precipitation method. Synthesized nanopowders were analysed for
morphological, structural and optical properties. X-ray diffraction study confirmed the
substitution of nickel ion without disturbing the basic wurtzite structure of zinc oxide. The
average crystalline size was found to increase on nickel doping as compared to undoped zinc
oxide. The lattice constants also increased with nickel content. Scanning electron microscope
study also confirmed the existence of particles in nanometer size. Furthermore, scanning
electron micrograph established the increase of particle size on nickel doping. Tauc’s relation
shows that energy gap of zinc oxide decreases with the increase of nickel content. The violet
and blue emission lines of photoluminescence spectrum also deep-rooted the substitution of
nickel ion in zinc oxide.
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1.Introduction

Transition metal (TM) doped zinc oxide (ZnO) nanomaterials has wrapped up enormous interest during
the last few years, due to their prospective application in spintronic devices''’. Spin of the electron plays a
major role in reading and writing information in these spintronic devices''. Generally, TM doped nanomaterials
are branded as diluted magnetic semiconductors (DMSs). The quiet feature of DMSs is that they possess both
room temperature ferromagnetism as well as semiconducting properties. In traditional semiconducting materials
such as Si and Ge, the electrical conduction is based on the control of electrons or holes. But TM doped ZnO
provides a new type of controlled conduction. These magnetic semiconductors allow a control of quantum spin
state (up or down) i.e., just by changing the spin of the electrons and it is possible to read/write information in
the memory devices'>.This would theoretically provide near-total spin polarization which is an important
property for spintronic applications. Besides, transition metals do not affect the band-to-band absorption
spectrum of ZnO, but they strongly modify the luminescence properties'>. They don’t introduce extra charge
carriers, but rather provide impurity centres that interact with the quantum confined electron-hole pair. Since
these impurities can be paramagnetic, they also introduce a localized spin into the nanocrystals'*. Such doped
luminescent semiconductor nanoparticles are of brawny interest for its possible use in optoelectronic devices,
such as, light-emitting diodes, spin valve transistors, spin light-emitting diodes, non-volatile memory, and lasers
and as novel phosphors because of their interesting magnetic'’ and optical properties'®. Owing to these reasons,
TM doped ZnO is becoming a thrust area in the field of spintronics. Among the different transition metals, like
Co, Ni, Cu, Mg etc., Ni has its own significance that (i) it act as a well-known luminescence activator, which
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can modify the luminescence of ZnO crystals by creating localized impurity levels, (ii) it is compatible with Zn
for successful doping (iii) it can modify the morphology and optical characteristics of ZnO nanostructures'’

Comprehensive literature survey infers that countable articles have been published on the synthesis and
properties of Ni doped ZnO nanopowders. For instance, Khatoon and Ahmad'®, have synthesized the Ni doped
Zn0O nanoparticles using modified solvothermal method and investigated the optical and magnetic properties of
Ni-doped ZnO nanoparticles. They found that modified solvothermal method yields nanoparticles with
significantly high surface area compared to other methods. In another study, Wang ez. al.,'® has prepared the Ni-
doped ZnO nanoparticles through ultrasonic assisted sol-gel process and studied their structure and room-
temperature ferromagnetism. Likewise, the temperature induced ultraviolet emission property of the polymer
capped ZnNiO system has been investigated by Shijina et.al.,*® Their result shows that intensive UV emission
property of the polymer capped ZnNiO seems to have a great potential for applications in fabricating nanoscale
UV light emitters. The sol-gel auto-combustion method followed by Elilarassi and Chandrasekaran® clearly
indicates the possibility for the formation of NiO secondary phase of NiO as the Ni content is 2%. However, no
such secondary phases have been observed in ZnO:Ni samples till 3% doping. The crystallite size was found to
increase up to 3% and then decreased for 5% Ni doping. The results of influence of TM ions on the structural
and magnetic properties of ZnO thin films deposited by sol-gel method reveals that the level of doping is crucial
for obtaining the magnetic properties at room temperature”. These literature surveys clearly indicate that only
few attempt have been devoted on the synthesis of Ni doped ZnO nanoparticles by chemical route. In fact,
chemical precipitation method is very attractive because it is an inexpensive, simple, trouble-free, and expedient
route to get large quantities of ZnO nanoparticles. Also, we can control the morphology of the nanoparticles by
controlling the rate of hydrolysis, reaction temperature, time, and concentration of precursors. Besides,
precipitation method yields smaller nanoparticles than the sol-gel and hydrothermal methods. On account of
these industrial values, we have chosen the chemical precipitation method for the present work.

As pointed above, even if many work have been carried out on Ni-doped ZnO system, most of them
focusing on thin films and the detailed study of structural and optical properties of Ni doped ZnO nanopowders
is still inadequate. Therefore, the main goal of this work is to evaluate the consequence of Ni doping on crystal
structure, morphology, optical and magnetic properties of ZnO nanoparticles. Although synthesis and
characterization of Ni doped ZnO nanoparticles is an incremental work, the most significant finding of the
present work opens the possibility of Ni doping up to 5% in ZnO matrix without any secondary phase.

2. Experimental Procedure
2.2 Synthesis of ZnO and Ni doped ZnO nanoparticles

Nanocrystalline Zn; ,Ni,O (x = 0, 0.03, 0.05) powder samples were synthesized by a simple chemical
precipitation method summarized as follows. All the chemicals used here are of analytical grade and used
without further refinement. The beaker and other glass wares used in this work were washed with acid. Ethanol
and double distilled water were used as solvent for sample preparation. Synthesis procedure was carried out at
room temperature (34°C).

Analytical reagent chemicals zinc acetate [Zn(CH;COO),. 2H,0], nickel acetate [Ni (CH;COQ),
Merck] sodium hydroxide (NaOH) and polyethylene glycol (PEG MW:400) supplied by Merck were used to
synthesize undoped ZnO and Ni doped ZnO nanoparticles. Initially, 2 gm of NaOH was dissolved in the
mixture of 25 ml double distilled water and 25 ml ethanol. Alternatively, xNi(CH;COO),.4H,O and (1-
x)Zn(CH3C00),.2H,0 (x = 0,0.03 and 0.05) were dissolved in the mixture of 50 ml double distilled water and
50 ml ethanol individually and stirred constantly for 20 mins to get the homogenous solution. Following this,
NaOH solution was added drop by drop to the mixed solution of Ni (CH;COOQO) ,4H,O and Zn
(CH;CO0),.2H,0 and then stirred at 400 rpm for 4 hrs . The ZnO/ Ni doped ZnO dispersion in distilled water
and ethanol medium was clear and transparent and the solution was kept for 20 hrs in an air tight container
towards the deposition of the powder particles. In this study, transparent solution of sodium acetate Na(CHjs
COO) was removed and the particles were washed several times until the solution pH reaches 7, using double
distilled water and ethanol to remove the unreacted compounds. The resulting nanocrystals were then capped
with 4 ml polyethylene glycol (PEG; MW: 400). The powder thus obtained was dried at 120 °C for 18 hrs to
remove the remaining water content from the sample. Finally, the resulting powders were annealed at 400°C for
3hrs under air atmosphere. Complete synthesis procedure is shown in figure 1.
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Figure 1. Synthesis process of the ZnO and ZnNiO nanopowders

2.2 Mechanism for the growth of ZnO nanoparticles

The mechanism for the growth of ZnO nanoparticles from zinc acetate dehydrate precursor can be
explained as follows. Initially, zinc acetate dihydrate precursor is first dissolved in double distilled water and
then hydrolyzed, which removes the intercalated acetate ions and results in zinc hydroxide solution. Then this
zinc hydroxide solution transforms into Zn*"cation and OH  anion. Followed by polymerization of hydroxyl
group to form Zn-O-Zn network and finally transformed into ZnO. The overall reaction can be written as;

Zn(CH;COO0), .2H,0 +2 NaOH — ZnO+2 Na(CH; COO) + H,O
2.3 Characterization

The crystalline nature and the phase purity of the powder samples were examined by X-ray powder
diffraction (XRD) with Philips Analytical Model:X’Pert PRO equipped with Ni filtered CuKa radiation (A =
1.54187 A) for 20 = 30 - 80°, with scanning rate of 1°/min operated at 40 kV/30 mA. Optical transmission
spectra were recorded using Lambda 35 (PERKINELMER: USA) UV-Vis spectrophotometer to evaluate the
energy gap. For this study, the nanopowders were dispersed in deionized water and mixed well. To identify the
functional groups and to confirm the presence Ni*" ions, the samples were examined with Fourier Transform
Infrared Spectrometer (FTIR; RX1 PERKINELMER: USA) at a resolution of 2 cm™'. The measurements were
carried out in the region 400 — 4000 cm™ using KBr as the beam splitter. Photoluminescence (PL) response of
the powder samples was carried out by means PL spectrometer (Kimon, SPEC-14031K, Japan) with a He-Cd
laser source. A line spectrum of 320 nm has been used to excite the samples. Surface morphology of the
particles was examined using JEOL scanning electron microscope (JSM-6390: Japan) operated at 20kV/20mA.
Chemical composition of the synthesized nanoparticles was examined by means of Energy-Dispersive X-ray
Spectrometer (EDS: INCAPentaFET-x3, Oxford Instruments, UK).JEOL JEM-1010 transmission electron
microscope (TEM) was used to study the microstructure and size of the nanoparticles. For TEM analysis the
sample was ultrasonically dispersed in ethanol, and then a drop of a substance was placed on an amorphous
carbon films supported by copper grid and dried in air. Magnetic property of the samples were experimentally
studied by measuring magnetization as a function of external magnetic field at room temperature using
vibrating sample magnetometer (VSM) (Lakeshore 7404).
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3. Results and Discussion

3.1. Structural Characterization

The crystal structure of the ZnO / Ni doped ZnO nanoparticles; investigated by X-ray diffraction (XRD)
pattern is shown in figure 2.Well pronounced sharp diffraction peaks corresponding to (1 0 0), (0 0 2), (1 0 1),
(102),(110),(103),(200),(112),(201), (004) and (002) planes were observed for all the samples. It
obviously shows the crystalline nature of the nanoparticles with wurtzite structure (space group P6;mc). All the
peaks match well with the JCPDS data card No.79-2205. No additional peaks (such as Ni, NiO) were observed
other than the above mentioned, which indicates no impurity phase exist in the samples.XRD pattern of all the
samples show enhanced intensity for the peak corresponding to (101) plane.
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Figure 2. X-ray diffraction pattern of synthesized Zn, ,Ni,O (x =0, 0.03 and 0.05) nanoparticles.

It is noticed from the XRD pattern that the intensity of (100) and (101) peak increases whereas the
intensity of (002) peak decreases, which means Ni is really doped in ZnO without disturbing the hexagonal
wurtzite structure. This shows that Ni*“ion replaced the Zn*" available in (002) planes and the atoms available in
the (101) plane is not affected. Average crystalline size D of the prepared nanoparticles has been calculated
using a well-known Debye-Scherrer Formula®.

kA
D = [BuCosf

where k is the shape factor (0.89 for spherical particles), “* ,is the wavelength of the CuKa radiation (0.154056
nm), and 8 is the peak position. The crystalline size is 34.2nm for ZnO, 37.3nm for Zng¢7Nip0;0, and 39.1nm
for Zng¢sNig0sO. Calculation shows that crystalline size increases with Ni dopant which clearly reveals the
presence of Ni in the prepared samples.

Table 1: Calculation Grain size, lattice constant, volume of the nanoparticle, unit cell volume, dislocation
density and number of unit cell present in a grain from XRD profile.

Interplanar Grain size |Grain Volume . Unit . No. of Unit
. . Lattice constant Disloc..de
Name of [Spacing @) calculated |size from |of the cell nsity cell
(d100) (dygz) |from (101) |W-H particle a (nm) | ¢ (nm) |volume present in
the sample P 6 8 .
plane plane |peak method v % X (10") a particle
(nm) (nm) (nm)* nm)’ (V/v)
Zno 281771 2.6039 1 5 5 31.52 20033 | 03241 | 05186 | 30 I gs 441345
é““‘”N‘O-“ 2.8209 1 26047 1 373 46.23 27157 0.3252 | 0.5203 8'0476 47 569449
é“O-%NlO-OS 2.82079 1 26070 | 39 69.35 31281 0.3263 | 0.5221 2'0479 2.0 651959
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The broadening of diffraction peaks evidences grain refinement along with the large strain associated
with the powder samples. The instrumental broadening (Pnw) is corrected, corresponding to each diffraction
peak of ZnO material using the relation

Bawr = Jﬁghki}.‘d@asuréd - ﬂ'?hk:}fnsrrum@ﬂ:a!

Strain-induced broadening comes into picture from crystal imperfections and distortions which are
related by e = E(5 1 5 /tanf). Consequence of this equation is the dependency on the diffraction angle 6. The
Williamson-Hall (W-H) method does not follow (1/cos8) dependency as in the Debye-Scherrer equation but
instead varies with tanf. This fundamental difference allows for a separation of reflection broadening when
both microstructural causes- small crystallite size and micro strain occur together. The distinct 6 dependencies
of both effects laid the basis for the separation of size and strain broadening in the analysis of Williamson and
Hall**. Addition of the Debye-Scherrer equation and & = (15 /tan®) results in the following equations:

F:’jhlr.' = IBE + |'9_|'J
kA
Burr = (D cos 5‘)+ (4ctan @)

@)
Brycos8 =\D )4 (425sinF)

The above equation is known as Williamson and Hall equation which represents that the strain is
assumed to be uniform in all crystallographic directions, thus considering the isotropic nature of the crystal,
where all the material properties are independent of the direction along which they are measured. A graph is
drawn with respect to 4sind along the x-axis and S, cosO along the y-axis as shown in figure 3(a-c). From the
linear fit to the data, the crystalline size was estimated from the y-intercept, and the strain ¢, from the slope of
the fit. Crystallite size estimated from W-H method also increases similar to Debye -Scherrer equation, but the
crystallite sizes are found to be larger than the Debye —Scherrer method.
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Figure 3: Williamson and Hall plot of the synthesized Zn,..Ni,O nanoparticles: (a) x = 0; (b) x = 0.03; and
(c) x =0.05.
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Moreover, lattice constant ‘a’ and ‘c’ of the samples have been determined according to the following
equation,

L4 (e ank + k) L]

;kf = 3013

[ 3]

d

=

™

We considered (100) plane for the calculation of lattice constant ‘a’and ‘c’. Therefore, the above equation has
been summarized as follows.

a=1.1547xd 0y and ‘c’=1.60x a

Table 1 infers that the lattice constant of Ni doped ZnO are larger than that of undoped ZnO, because
the ionic radius of Ni*"(0.68A) is larger than that of Zn>" (0.60A).The expansion of the lattice constants of Zn,_
«Ni,O indicates that nickel is really doped into the ZnO structure. The severe alteration of the lattice constant
confirms the Ni doping in ZnO structure.

The dislocation density” & which represents the amount of defects present in the prepared sample is
determined from the formula 8=1/D* These values are also given in Table 1. As & is inversely proportional to
D, decreasing trend of dislocation densities shows that higher concentration of Ni leads to reduce lattice
imperfections. Larger value of D and smaller value of FWHM (not shown in the table) indicates better
crystallization of the nanoparticles.

In order to strengthen the XRD analysis, further, the volume of the nanoparticles has been calculated
from the relation V = (4/3)n(D/2)’= 0.5233 D’and the volume of ZnO:Ni unit cell has been calculated from the
mathematical relation v = (V3 a’c/2) = 0.866a’c. The ratio (V/ v) gives the number of unit cell present in a
particle, which has been calculated from the equation ‘n’= 0.603 (D’/a’c). Further, the Zn-O bond length (L)
has been calculated by the relation,

| z 1122
L- éﬂ.aa + (0.5 —u)3c
NE
Whereu= 3%+0.25

and it is found to be 1.8853A° for Zn-O , 1.8831A° and 1.8870 A° forZng¢;Nipp3O and ZnggsNig 5O,
respectively. Similarly, micro-strain can also be calculated using the formula € = (B cos8/4). It is observed that
micro-strain decreased from 4.0 x 107 to 3.5 x 10~ as the Ni content is increased from 0 to 5%. In general,
variation in micro-strain may be due to the change in microstructure, size and shape of the particles. The atoms
trapped in the non-equilibrium position could shift to a more equilibrium position, and it could release the
strain. Hence, the Ni substitution decreases the micro-strain of the ZnO nanoparticles.

3.2 Energy gap determination from Tauc’s plot

Effect of Ni substitution on wurtzite structure of ZnO was further examined using UV-Visible optical
transmittance spectrum measured in the range 200-1100 nm which was used to draw the Tauc’s plot. A Tauc’s
plot®® is a graph that is used to determine the optical band gap of semiconductors. The Tauc’s gap is often used
to characterize practical optical properties of amorphous materials. Figure 4(a-c) shows typical Tauc’s plot of
undoped and nickel doped ZnO nanoparticles. In Tauc’s plot, the absorption coefficient and the energy band
gap is related by the following equation;

(ohv) = A (hv — Eg)”*

where hv is the photon energy, o is the absorption coefficient, and A is a constant. A plot of hv versus (ahv)* is
drawn to determine band gap (Eg) using the linear fit process. The resulting plot has a distinct linear regime
which denotes the onset of absorption. Thus, extrapolating this linear region to the abscissa yields the optical
band gap of the semiconductor nanoparticle. The band gap measured to be 3.44 eV, 3.32 eV and 3.20 eV for
undoped, 3% Ni doped and 5%Ni doped ZnO nanoparticles, respectively.
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Figure 4.Tauc’s plot of Zn,.,Ni,O nanoparticles. (a) x =0 ; (b) x=0.03 and (c) x = 0.05

33 FTIR Spectrum - Analysis

Figure 5 depicts the FTIR spectra of ZnO and Ni doped ZnO nanoparticles. The bands at 3440-3245
cm ' correspond to the stretching vibration of O-H molecule. A strong asymmetric stretching vibration of C=0
has been observed between 1648 and 1565 cm '. The peaks between 1410 and 1211cm ' corresponds the
symmetric stretching vibration of C-O bond. Because of similar structural morphologies in acidic conditions,
both of C=0, C-O peaks were not shifted greatly. The peak cantered at 1093 c¢cm ' is caused by C—O—-C
functional group. No sign of NiO or Ni;O4 impurities. This is the sign of high purity of the samples and this
implies that mixing of distilled water and CH;CH,OH gives the good result of synthesis of Ni doped ZnO from
Zn(CH3COO0); 2H,0 precursor. Wavenumber of all the functional groups is almost same, irrespective of Ni
content, except Zn-O and Zn-Ni-O groups. The ZnO peak at 499 cm 'and Ni-doped ZnO peaks at 619 cm 'and
651 cm 'confirmed the complete transformation of zinc acetate and nickel acetate into ZnO and Ni doped ZnO,
respectively. In fact, XRD and EDS analysis proved that the synthesized powders are highly pure. The Ni
dopant shifted the IR peak considerably from 499 cm ™' to 651 cm ™' depending on concentration. This shift in IR
peak confirmed the Ni doping. Previous researchers*’found the ZnO peak at 464 cm™'. Thus, our result confirms
the previous report. The FTIR results support the SEM results.
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Figure 5. Typical FTIR spectrum and their peak assignments

34 PL Spectrum

To analyze the role of Ni content on the structural defects and the band gap of ZnO nanoparticles,
photoluminescence (PL) spectra of undoped and Ni doped ZnO samples recorded at room temperature are
shown in figure 6 (a-c).

It is noticed that undoped ZnO sample exhibits four emission lines. They are at the wavelength of (i)
384 nm (UV emission), (ii) 430 nm (violet emission), (iii) 485 nm (greenish —blue) and (iv) 517 -535 nm (green
emission). Of these, UV and violet emissions are wide and the greenish- blue emission line is sharp and narrow.
Literature survey infers that the UV emission originates from the exciton recombination corresponding to the
near band edge (NBE)®, through exciton-exciton collision. The strong violet emission band is centered at 430
nm. Origin of the violet emission from the undoped ZnO is assumed to be the recombination from the defect
centers such as O and Zn interstitials. It is reasonable to consider that this type of violet emission is rarely
reported. The luminescent peak centered at 485 nm is assigned to the greenish - blue excitonic emission,
corresponding to the energy gap of 2.56 eV. As well, we have observed a weak green emission peak between
517-535 nm. This green emission is attributed to the transition between photo-excited holes and singly ionized
oxygen vacancies” in ZnO and this oxygen vacancies could have been produced at the time of sample
preparation. Generally, undoped ZnO emits its characteristic UV radiation. But in our case, we observed a
strong violet emission. Therefore, it is believed that the undoped ZnO has more number of Zn and O interstitial
defect centres.
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Figure 6. Photoluminescence spectra of (a) ZnO; (b) 3%Ni doped ZnO; and (c¢) 5% Ni doped ZnO
nanoparticles.

Comparing with undoped ZnO sample, PL spectra of ZnO:Ni samples are motivating one. Particularly,
UV peak is obscured and there is a little trace of UV emission. At the same time, visible emission is shifted
from violet (431 nm) to blue (447 nm) as the Ni content reaches 5%. In addition, intensity of blue emission is
perceptibly improved. The improvement in blue and green emissions is from the rise in oxygen vacancies,
which are induced by Ni doping. Furthermore, it is noticeable that for 3% of Ni, greenish - blue emission peak
around 486 nm is well sharp whereas the green emission (514-530 nm) is very pathetic (~ 513 nm). As the Ni
content is increased to 5%, greenish-blue emission band shifted 487 nm. It should also be noted that the less
intense green peak shifted to lower wavelength of 513 nm. This indicates that creation of oxygen vacancies is
limited on 5% Ni doping.

It is interesting to note that Ni doping changes the emission property of basic ZnO matrix from violet to
blue. This type of unusual photoluminescence property may be ascribed to the remarkable changes in the
concentration of the defects of the Ni doped sample reported here. Moreover, the hoist in the PL intensity with
Ni doping is ascribed to the decrease in non-radiative recombination process. From the photoluminescence
study, it is clear that Ni doping severely suppresses the UV emission of ZnO, which is in good agreement with
the results reported earlier in the literatures”™”'. Diminish of characteristic UV emission and the shifting and
enhancement of intensity of visible emission from violet to blue in (435-447 nm) confirmed the Ni substitution
in ZnO nanoparticles.

3.5 SEM and EDS analysis

SEM micrographs of synthesized nanopowders of Zn;Ni,O (x = 0.00, 0.03, and 0.05) are shown in
figure 7(a—c). SEM studies show that the powders consist of highly agglomerated nanoparticles with few
nanorods resulting from overlapping of small particles when annealed at 400 °C for 3 hrs. Particle size
estimated using SEM micrograph is found to be lying in the range from 32 to 79 nm, for undoped and
Zng95NigosO samples, respectively. In particular, there is no appreciable change in the morphology of ZnO,
when it is doped with 5 % of Ni content. The particles size is small and distributed uniformly throughout the
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entire surface. We have observed that the agglomeration increases with Ni content and this agglomeration could
be attributed to their extremely small dimensions with high surface energy crystallization and drying process.
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Figure 7. SEM image of prepared (a) undoped ZnO; (b) Zny47Nip 0303 and (c) Zny9sNig0sO nanoparticles.

The EDS spectrum of the ZnO and Zn ;N1 ;0 samplesare displayed in figure 8 (a&b). The spectrum
confirms the presence of nickel dopant in ZnO nanoparticles. EDS spectrum for all the three samples have been
recorded, but for ZnO and Zng¢7Ni ;0 samples only are displayed here. The spectrum shows Zn, Ni, and O
related peaks. The weight ratio (x) of Ni to Zn has been determined from the relation x = Ni/ ([Zn + Ni]) and it
is found to be 2.14 and 4.32 % doping. EDS analysis gives how much amount of Ni atom has really entered into
the ZnO nanoparticles. We actually doped 3 and 5%Ni. But EDS spectra show that only 2.14 and 4.32% of Ni
atoms has entered into the ZnO. Remaining Ni atoms should have been washed away (or) impurity should have
been formed. But, we have not recorded any peak accountable for secondary phase. Therefore, it is concluded
that the rest of the Ni atom could have been removed on washing. Weight percentage (wt %) shown in Table 2
proves that the ratio of Ni dopant in the samples are approximately equal to the nominal composition. Thus,
composition analysis confirms the incorporation of Ni element in the samples.
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Figure 8: EDS spectrum of synthesized Zn, .Ni,O nanoparticles. (a) x = 0 and (b) x = 0.05confirms the
presence of Ni, Zn and O.

Table 2. Result of elemental analysis of undoped / Ni doped ZnO nanoparticles

Element | Composition in (wt %)

J Undoped | Ni-3% Ni -5%
Zn 67.64 55.50 59.65
0] 32.36 42.36 36.03
Co - 2.14 4. 32
Total 100 100 100
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3.6 TEM Analysis

In order to get direct information about the particle size and morphology of the synthesized
nanocrystalline samples, transmission electron micrograph analysis were made. Representative TEM image of
5% Ni doped ZnO sample and its corresponding selected area diffraction pattern (SAED) and fringe width
patterns are shown in figure 9 (a-c). From the figure, it can be seen that the sample contains particles of uniform
sizes.

Figure 9. TEM image (a); SAED pattern (b); and fringe width pattern of the Zn,sNiy s Onanoparticles
(©).

The calculated average particle size from TEM analysis is about 40-65 nm which matches well with the
value obtained from W-H method. The SAED pattern indicates that the particles are single crystalline in nature
and are free from major lattice defects. The fringe pattern with plane distance of 0.26 nm corresponds to (002)
plane of pure wurtzite hexagonal structure of ZnO. SAED pattern reveals that the ZnO:Ni system exhibits a
single crystalline structure which is in good agreement with the XRD result.

3.7 Magnetic field vs. Magnetization of Zn;,Ni,O nanoparticles

After successful synthesis and structural characterization, we precede with the magnetic measurement
for the synthesized nanocrystals. Results of the magnetic field vs. magnetization (M-H) of Zn; ,Ni,O (x = 0.0,
0.03, and 0.05) samples recorded at room temperature in the range of +20 G is displayed in figure 10 and
11(a&b). Of these, figure 10 is the typical magnetic field vs. magnetization curve of undoped ZnO
nanoparticles. It shows a mixed state of ferro and diamagnetic behaviour. A clear ferromagnetic hysteresis loop
appeared between - 6.5G and 6.5 G is the evidence of ferromagnetic property (shown in the inset) of undoped
Zn0O. Magnetic field below - 6.5 G and above 6.5 G the sample shows the diamagnetic property.
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Figure 10. Magnetic field vs. Magnetization curve of undoped ZnO nanoparticles

Considerable saturation magnetization 273 pemu/g has been observed in the ferromagnetic region. This
type of mixed ferro and diamagnetism has also been observed by us in our recent work'® and by others®> **.In
fact, origin of room temperature ferromagnetism (RTFM) in undoped ZnO is still a hot issue. Many possibilities
have been proposed to give a rational elucidation for the origin of RTFM in pure ZnO. According to
Sundaresan et.al.,** and Norberg™, lattice defects is the source of RTFM in undoped ZnO nanoparticles.
Likewise, Zhang et. al.,*® argued that the strong interaction between the localized interstitial Zn 4s level and the
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conduction band is the origin of ferromagnetic behaviour. In our case, we observed ferromagnetism in the lower
magnetic field <+6.5 G. We believe that the observed Zn and O interstitial defect centres (Refer PL studies) are
responsible for this ferromagnetic property. Thus we also confirm that interstitial defect centres are responsible
for the ferromagnetism in undoped ZnO nanoparticles. However, the matter of what causes the observed
ferromagnetism in undoped ZnO nanoparticles is still remains open.
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Figure 11. Magnetic field vs. Magnetization curve of Zn,¢;Nig ;O (Left); and ZngosNipsO (Right)
nanoparticles.

Figure 11 shows the room temperature M—H loop for the 3 and 5% Ni doped ZnO nanoparticles. The
observed saturation magnetic moment (M,) is of the order of 1.6 memu/g for 3% Ni doping and it enhanced
nearly 3 times (4.6 memu/g) on 5% Ni doping. For practical applications, the transition temperature (7,) of the
TM doped ZnO nanoparticle should be well above room temperature. It is clear from the M—H loop presented
here that the reported Ni doped ZnO nanoparticles can retain ferromagnetic nature up to far above room
temperature. Note that the observed M; value is increasing with increasing Ni content. As more ferromagnetic
Ni ions are incorporated inside the ZnO matrix for 5% of Ni doping, as a result the overall magnetic moment
has increased. At the same time magnetic moment didn’t attains the saturation, i.e., still increases even beyond
+15,500 G. The increase in magnetic moment indicates that the observed ferromagnetic interaction is from
substituted Ni ions. It is believed that more and more Ni ions generates antiferromagnetic order over
ferromagnetic and this will restrict the nanoparticles attaining saturation magnetization.

4. Conclusions

In conclusion, we have successfully synthesized the undoped ZnO and Ni doped ZnO nanopowders by
simple precipitation method. XRD pattern confirmed that the samples contain the nanoparticles of size ~34 — 39
nm whereas the W-H method confirmed that the size of the particles are 34.6 — 69.3 nm. Tauc’s relation
concludes Ni doping reduces the energy gap of ZnO greatly to 3.20 eV on 5% doping. The average particle size
measured from SEM analysis is 40 - 80 nm which is nearly equal to the grain size measurement by W-H
method. EDS analysis of the prepared ZnO /Ni doped ZnO nanoparticles confirmed that the samples are
composed of Zn, Ni and O without any other impurity. FTIR spectra confirmed the Ni substitution through the
shift of IR peak from 499 cm™ to 651 cm™. PL studies confirmed that the ZnO samples contains Zn and O
interstitial defect which induces the violet emission. PL study also concludes that Ni substitution diminishes the
UV emission and enhances the blue emission. Based on the result presented here, it is concluded that the
precipitation method is a competent method for the synthesis of Ni doped ZnO nanoparticles without any
impurity phase and the Ni doped ZnO nanoparticles can be used for the construction for the blue colour
emitting optoelectronic devices.
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