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Synthesis and characterization of structural and magnetic properties
of Fe doped NiO nanoparticles
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The innovative nanocrystalline pure and Fe doped NiO nanoparticles have been prepared
successfully by a chemical method. NiO and Fe doped NiO nanoparticles have been
characterized using various analytical techniques such as ultraviolet-visible spectrometer
[UV-Vis] absorption in florescence emission spectroscopy. Ray diffraction [XRD] Fourier
transform infrared spectroscopy [FTIR], scanning electron microscope [SEM] The average
grain size of NiO nano articles and Fe doped NiO nanoparticles are respectively. The UV
absorbance fig shows a strong absorption peak present 310nm. The band gap values of
NiO nanoparticles and Fe doped NiO nanoparticles are3.37¢V and 3.7¢V. The assimilation
of Fe into NiO nanoparticles have strongly influenced the magnetic behaviour and the
material got converted from ferromagnetic to anti ferromagnetic material.
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1. Introduction

The antiferromagnetic (AF) metal oxide nanoparticles (NPs) have attracted enormous
attention because of their hopeful technological applications and essential physics. The effect of
finite size leads to the accumulation of frustrating surface spins and various point defects at the
surface of the AF NPs, which results in an intersisting magnetic and optical properties that differ
significantly from their bulk counterparts [1], Among the various AF Materials, nickel oxide (NiO)
is one of the few P-type semiconductors (acceptor state induced by the nickel vacancy (Vy;) with a
wide -bandgap E.g., =4eV) having face -centered-cubic(fcc) crystal symmetry. In the bulk form,
NiO possesses AF ordering with the Neel transition temperature 523K [2]. However, NiO
nanostructure exhibits anomalous magnetic properties that are very sensitive to size, Ni vacancy
defects, morphology, and crystal structure, thus showing a wide variety of intriguing phenomena.
It has been reported that below a particle size of d=0Onm, the long -rang orderedNi2+02-Ni2+
super exchange interaction breakdown, due to an enhanced VNi defect resulting in a weak
ferromagnetic (FM) like properties [.3,4], Furthermore, the effect of frustrating surface spins
become more dominant below d=10nm [5,6,7]. The NiO nanostructures have been used in
rechargeable batteries [8], magnetic recording media [9], the next -generation resistive switching
memory devices [10], and so on. Recently, functionalized NiO nanostructures have attracted great
research interest from both fundamental and application point of view [11,12], the further
development in functionalized NiO nanostructure is focused on obtaining a room temperature (RT)
ferromagnetism without comparing the structure in order to facilitate the possible integration of
spintronic devices.

According to recent findings, RT ferromagnetism in NiO NPs can be achieved through
transition metal(TM)-doping , for example ,Fe (either due to substitution or the formed defect
clusters), which opens up their potential applications in the future advanced spintronic devices| 13-
15].The properties of such a system can be tailored by controlling both the particle size and Fe-
dopant concentration ,which results in a complex magnetic property[16-22].For instance, the
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doping of Fe+ ions can alter the Ni*"-0,-Fe’" super exchange interaction and so the AF properties.
Whereas ions at the interstitial site could form 4:1 defect cluster consisting of tetravalent
interstitial whereas, Fe ions at the interstitial site could form 4:1 defect cluster consisting of
tetravalent interstitial and four VN1, in total being four times negatively charged [16,23-27]. Such
a complex structure could result in interesting magnetic properties. According to previous reports,
bare and Fe-doped NiO NPs both exhibit low-temperature magnetic memory effect [16,28,29].
Such a type of nanoscale system can be used as a ‘’thermal assistant memory cell” in digital
information storage [31,32]. However, the magnetic memory effect is mostly observed in the low-
temperature region far below the RT, and this is the major obstruct precluding its application in
nanotechnology. The above obstacle has been foiled through introducing exchange-coupling
[30,33] and particle size distribution [34]. In this study we have reported RT magnetic memory
effect from Fe-doped NiO NPs synthesized using a chemical method followed by thermal
treatment in the air. Thorough investigation of structure and four VNi, in total being four times
negatively charged [16,23-27]. Such a complex structure could result in interesting magnetic
properties. According to previous reports, bare and the Fe-doped NiO NPs both exhibit low-
temperature magnetic memory effect [16,28,29]. Such a type of nanoscale system can be used as a
“thermal assistant memory cell” in digital information storage [30-32]. However, the magnetic
memory effect is mostly observed in the low-temperature region far below the RT, and this is the
major obstruct precluding its application in nanotechnology. In the past, the above obstacle has
been foiled through introducing exchange-coupling [30,33] and particle size distribution [34]. In
this study, we have reported RT magnetic memory effect from Fe-doped NiO NPs synthesized
using a co-precipitation method followed by thermal treatment in the air. A thorough investigation
of structural and magnetic properties was carried out using synchrotron radiation powder X-ray
diffraction (PXRD), neutron powder diffraction (NPD), and dc magnetometer. Our findings
suggest that the RT magnetic memory effect in Fe-doped NiO NPs is mediated through intrinsic
intraparticle interactions. And magnetic properties were carried out using synchrotron radiation
powder X-ray diffraction [PXRD], neutron powder diffraction [NPD], and dc magnetometer. Our
findings suggest that the RT magnetic memory effect in Fe-doped NiO NPs is mediated through
intrinsic intraparticle interactions.

2. Experimental details

2.1. Synthesis method and material

All of the analytical grade In the starting Nickel II acetate tetrahydrate
[(CH;5,COO);NiO,4H,0] taken around 13grams dissolved in the 50 ml water and stirred using
Magnetic stirrer up to3hours.After aqueous of 6 grams NaoH is added drop wise to the above
mixture so that solution was added in the green color light due to stirrer will up to 3hours the
Perfectly mixed solution another dopant Iron (II)acetate Tetrahydrate [(CH;COOQ)2Fe.4H,0]
solution I will take separate magnetic stirrer in 3 hours after in the solution a beaker drop wise to
drop wise the first main solution added the solution stirred up to 24 hours then the fully statured
the solution filtered watt Mann papers and the precepted compound mixed ethanol this process
called purification four time. The ethanol mixed precipitated solution subjected to micro -hot air
Owen at range of 130-degree temperature during 48 hours due to this process the color of sample
little changed instead of light green. The wet sample again maintained at muffle furnace in order to
550-degree temperature using crucible. Finally received the highly melted little grain sized
samples to transfer powder form by agate martyr. Thus, the Fe doped NiO nano powder harvested
with ash color and carried out to some characterization and magnetic studies.
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3. Results and characterization

3.1. X-ray diffraction studies

The diffraction patterns of the as synthesized nickel acetate nanoparticles obtained
respectively, show sharp and intense peaks which clearly indicate that the particles are crystalline.
Representative X-ray diffraction pattern is presented in Fig. The XRD patterns of the Pure NiO
and Fe doped NiO nanoparticles showed diffraction peaks absorbed at 20 values (Fig.1). The
average crystallite size (D) of nanoparticles was calculated using the Scherer formula as follows:

Dy =(0.9V By 1c080) (1)

where ) is the wavelength (A = 1.542 A) (CuKa), B is the full width at half maximum (FWHM) of
the line, and 0 is the diffraction angle. All the diffraction peaks can be indexed to the face-centered
cubic structure of NiO (JCPDS # 47-1049 with a* quality) with lattice parameters a = 4.1771A°.1t
is obvious from the figure, that the all samples had same diffraction peaks and are indexed as
phase with XRD pattern 002, 111, 200, 111, 202, and 220 comparable with the JCPDS. No other
peaks were observed, indicating that the NiCO3-2Ni(OH)2-xH20 was completely decomposed to
NiO after the calcination. The average crystallite sizes calculated by applying the Scherrer formula
to the diffraction peaks are 13.92 nm at 300 °C.
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Fig. 1. The XRD Pattern of Pure NiO and Fe doped NiO nanoparticles.

3.2. UV analysis

The optical absorption spectra of Fe doped NiO NPs are shown in Fig. Absorption
maximum of NiO is 250 nm (3.9 eV) and that of NiO is 285 nm (3.37 eV) as observed in Fig. An
additional peak at 310 nm (3.6 eV) is also observed for Fe doped NiO.
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Fig.2. UV-vis Spectrum of Pure NiO and Fe doped NiO nanoparticles.

The presence of this additional peak has also been reported by Qi et al., [35] and Sri- Vat
Sava and Srivastava [36]. This blue shift of the absorption edges for different sized nanocrystals is
related to the size decrease of particles due to the quantum confinement effect of nanoparticles. It
is necessary to mention that the optical direct band gap values of the NiO samples were
determined by Talc’s relation [37]

ohy=ao(hy-E.g)[" (1/2)]

wherehv, ao and E.g., are photon energy, a constant and optical band gap of the nanoparticles,
respectively. Absorption coefficient (o) of the powders at different wavelengths can be calculated
from the absorption spectra. The values of E.g., were determined by extrapolations of the linear
regions of the plot of (ahv)2 versus We calculate the size of the nanoparticles.

3.3.FTIR analysis

Pure and Fe doped NiO shows FT-IR transmission spectra were taken on JASCO 640 plus
infrared spectrometer in the range of 4000400 cm-1 at room temp. Samples were prepared by
mixing samples powder with KBr, which were ground and pressed into a transparent pellet with a
diameter of cm-1. The peak around 3400 cm-1 on the FT-IR spectrum is related to O-H bond. The
absorption at 1110 cm-1 attributed to hydroxyl groups. The absorption bonds at 1420 ¢m-land
1110 cm-1 indicates the existence of carbonates and the bond at 3400 cm-1 correspond to C-H
stretching mode [38] As shown in fig, The absorption bonds at 870 and 600 cm-1 are associated to
Ni-O vibration bond, but absorption bond at 619 cm-1 is assigned to Ni-O-H stretching bond. The
above information confirmed formation of pure NiO nanoparticle. Presence of Carbon impurity in
the samples is because of ethanol, which is used for washing. As shown in fig, the absorption
bonds at 447 cm-1 are associated to Ni-O vibration bond [39] but absorption bond at 600 cm-1 is
assigned to Ni- O-H stretching bond. FTIR spectrum of the Fe doped NiO nanoparticle before
Calcination at room temp.
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Fig.3.FTIR Spectrum of Pure NiO and Fe doped NiO nanoparticles.

3.4.SEM with EDX

Shows the different morphologies of the as-synthesized NiO nanoparticles using different
doped. The SEM images clearly show nano-structural homogeneities and remarkably different
morphologies for the as-synthesized Fe doped NiO nanoparticles. The shapes of the as-synthesized
Fe doped NiO nanoparticles of the methanol and ethanol mediated samples are shown in Fig; an
agglomeration of nanoparticles was observed in most of the cases. These images show the
cauliflower-petal like morphologies, which consists of spherical and elliptical shape of NiO
nanoparticles. Sheet- or snowflake-like morphology was observed for the water mediated sample,
The nanoparticles size calculated in the SEM images was approximately in good agreement with
the particle size calculated from the XRD analysis. The pure and Fe doped NiO nanoparticles size
and morphology reveals the key role of the individual solvents in controlling the nucleation and
crystal orientation [40]. The average size of the NiO nanoparticle observed from SEM images is
24 nm. Crystallinity is evaluated through comparison of crystallite size as ascertained by SEM
particle size determination. The resultant solution for pure NiO and Fe doped NiO samples was
examined utilizing energy dispersive X-ray analysis, as seen in Fig. NiO nanoparticles were
analyzed by EDX at 10 keV. The existence of Nickel (Ni) and oxygen (O) elements was
discovered in NiO NPs, with results suggested that the nanoparticles remained almost
stoichiometric. The mass percentage of nickel and oxide determined from EDX examination were
Ni 96.43 wt.% percent (0.804 keV) and O 3.57 wt.% percent (0.804 keV), correspondingly, and no
additional elemental impurities were found as pure EDX spectrum. From Fig. Fe doped NiO NPs
occurrence of Nickel (Ni), oxygen (O) and Iron (Fe) elements in NiO NPs. The Fe doped NiO
indicates the weight % is calculated from EDX analysis was (Fe) 1.1 wt.% (0.4 keV). This finding
validated the synthesis of pure NiO nanoparticles.
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Fig 4.SEM with EDX pure NiOand Fe doped NiONps.

3.5. Vibrating Sample Magnetometer (VSM)

Magnetization measurements of NiO nanoparticles were performed using VSM technique
at fields of -15000 to 15000 Oersted at at room temperature are shown in Fig.5 before and after
doping, respectivly. VSMs were used in this study, which used an applied magnetic field of 10 kOe
while operating at room temperature (RT). These results help to analyse the effects of saturation
magnetization, coercive and residual magnetization, and M- H hysteresis loops have all been
studied in the context of NiO nanomaterials. It is seen that the NiO nanoparticles exhibits super
paramagnetic behaviour at room temperature. VSM results exhibit well-defined S-shaped curve as
response of the sample against applied magnetic field. As an effect of additive incorporations, the
saturation magnetization and the coercive field strength show a decreasing trend with increasing
Fe concentration in NiO nanostructure. The remanent magnetizations almost decrease with
increasing ‘Fe’ concentration in NiO nanomaterial. It is because of the stretch at the grid point. It
has been reported elsewhere [41,42], coercive effect of pure NiO and additive incorporated NiO is
influenced greatly by factors such anisotropy, particle morphology, porosity, micro-expansion, size
distribution, and the size of the magnetic domain are all characteristics that may be measured. It
has been observed that Fe is an element with soft magnetic characteristics, by nature, and this soft
nature is speculated to be lost while incorporating with NiO.
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Fig.5.VSM Analyser of Pure NiO and Fe doped NiO nanoparticles.

4. Conclusion

In Fe doped NiO powder prepared by co-precipitation from acetate precursors, we show
that the size of crystallites metrically decreases with increasing Fe concentration. The XRD
patterns of the nanoparticles showed that correspond to face centered cubic structure of Fe doped
NiO nano particles. The particles are larger than the threshold value below which finite size effect
dominates. The observed magnetic behavior therefore is a consequence of Fe induced magnetic
ordering in the bulk of NiO. In addition, some amount of magnetic in homogeneity also
contributes to the magnetic characteristics of Fe doped NiO as evidenced from the temperature
dependent magnetization study under field cooled and zero field cooled conditions. The optical
absorption spectra of Fe doped NiO NPs are shown in Fig. Absorption maximum of NiO is 250 nm
(3.9 eV) and that of NiO is 285 nm (3.37 eV) as observed. An additional peak at 310 nm (3.6 eV)
is also observed for Fe doped NiO. The absorption bonds at 870 and 600 cm-1 are associated to
Ni-O vibration bond, but absorption bond at 619 cm-1 is assigned to Ni-O-H stretching bond. The
above information confirmed formation of pure NiO nanoparticle. The SEM images clearly show
nano-structural homogeneities and remarkably different morphologies for the as-synthesized Fe
doped NiO nanoparticles. The Fe doped NiO indicates the weight % is calculated from EDX
analysis. VSM results exhibit well-defined S-shaped curve as response of the sample against
applied magnetic field.
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