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ARTICLE INFO ABSTRACT
Keywords The spinel Ni-ferrite with different synthesizing temperature was
Ferrite: synthesized by the glycine-nitrate auto-combustion process. X-ray

diffraction, field emission-scanning electron microscopy, Fourier
transform-infrared spectroscopy and Photoluminescence analysis were
used to characterize structural, morphological and optical properties of

Photoluminescence;

nanoparticles;

auto-combustion; the as-synthesized samples. The XRD results revealed that the as-
spectroscopic synthesized samples possess a cubic spinel structure and the lattice
properties constant decreases from 8.3435 A to 8.3321A when the synthesis

temperature rises from 50°C to 100°C. Further, Increasing the synthesis
temperature led to increase the crystallite size from 25 nm to 32 nm.
FE-SEM images show that the nanoparticles have agglomerated. FTIR
spectra supported the formation of the Ni-ferrite structure and show
that the absorption band of a particular bond is shifted to the higher
frequency with a rise in temperature. Photoluminescence (PL)
spectrum consists of emission peaks at 350 nm (3.54 eV), 680 nm (1.82
eV), 770 nm (1.61 eV), and 820 nm (1.51 eV). The PL peaks were
shifted to shorter wavelengths with an increase in the emission intensity
when increasing the temperature of synthesis.
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1. Introduction

Nanoparticles retain a variety of physical physiognomies and chemical characteristics different
from the corresponding bulk stable state properties due to the quantum size effect, dimensions,
surface influence, or quantum tunnelling impact. Metallic nanoparticles have previously been
thoroughly investigated due to their theoretical and technical significance for a wide range of
applications[1]. Ferrites are complex oxides derived from the magnetite by replacing a divalent
iron atom with another transition metal atom . Ferrites can be divided into three groups based on
their crystal structures: spinel ferrites, garnet ferrites and hexagonal ferrites [2]. Synthesis and
characterization of spinel ferrites at nanoscale have drawn much attention because nanoparticles
with large surface to volume ratios have enhanced magnetic, electrical, optical properties which
in turn found potential applications[3] such as magnetic fluid, high density data storage, catalyst,
gas sensors, water purification, etc.[4].The nano NiFe>O4 with a spinel structure is one of the
promising candidates which has been used in different fields such as photocatalytic activity [5],
biomedical efficiency[6] and cancer hyperthermia[7].The nano NiFe>O4 with a spinel structure
has the general formula AB2O4 [8]. In this structure, O specifies the oxygen anion site A and B
shows tetrahedral and octahedral cation sites. The nickel ions (Ni*?) are occupied B sites and iron

ions (Fe3*) are equally dispersed between A and B sites [9] as shown in Fig. 1.

Figurel: Schematic representation of NiFe>O4 structure [10].

In recent years, NiFe;Os nanoparticles has been prepared by different process like

sonochemical method [11], hydrothermal method [9], conventional sol-gel [12] self-ignited auto-
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combustion method [13]. Accordingly, present investigation aimed to prepared nickel ferrite
nanopowder with glycine-nitrate auto-combustion process, using different preparation
temperatures, and to examine their spectroscopy properties.

2. Materials and Method

Nitrate salts of nickel (Ni(NO3)2¢6H20) and ferric (Fe(NO3)3*9H20) were used. The following
steps were taken to synthesis Ni-ferrite by glycine-nitrate auto-combustion process. (i) The
required amount of high purity Fe(NO3)3.9H.0 and Ni(NO3)..6H.0 from HIMEDIA Co., India
were used as starting materials with a molar ratio 1:2 of Ni(Il)/Fe(Ill) and dissolved in a suitable
quantity of de-ionized water. (ii) The solutions were mixed thoroughly using a magnetic stirrer
for 20 minutes at an auto-combustion temperature of (50)°C. (iii) The required amount of
glycine was added into the nitrate solution under stirring without heat exchange. After
vaporization of the entire amount of water, the self-sustained combustion reaction was initiated
in the system. (iv) Powder product was washed via ethanol and distilled water for (4) times, dried
at (80 °C) for 2 hours. (v) Mortar was used to grind the resulting powder for (4min.) in order to
result in fine NiFe,O4 ferrites ash. (vii) The same steps from (i-v) were followed to synthesize the
Ni-ferrite at preparation temperature at 75°C and 100°C. The X-ray diffraction analyses were
obtained from the (Shimadzu XRD 6000, Japan) at the University of Baghdad, Iraq. Morphology
and elemental analyses were examined with Field Emission- Scanning Electron Microscope (TE-
SCAN Mira3, France) at the University of Mashhad, Iran.

To determine the chemical structure of the synthesized Ni-ferrite powders the FTIR spectrum
was taken using an (Shimadzu-8400S spectrometer) at the range of (4000 — 450 cm™!) (as pellets
in KBr) at Chemical Analysis Center (CAC), Irag. The photoluminescence study of the Ni-ferrite
nanoparticles recorded with an excitation wavelength of 385 nm at the University of Mashhad,

Iran

3. Results and Discussion

3.1 Phase Formation and Structural Analysis

The XRD pattern for three different NiFe,O4 ferrite products was exhibited in Fig. 2. The
diffraction peaks (220), (311), (400), (422), (511) and (440) appear in all the samples. The
presence of these peaks of diffraction indicates that the existing system has a cubic spinal
structure according to (JCPDS card No. (00-054-0964)) of the NiFe2QOa. In nickel ferrite prepared
at the temperature of the synthesis (50°C), the impurity phase Fe>O3 (26 = 33.7° and 41.50) was
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observed. This impurity phase decreases with a rise in temperature of the synthesis as shown in
Fig.2. The rise in the temperature of the synthesis contributes to an increase in grain size,
resulting in narrow and sharp peaks indicating to enhance the crystallinity of prepared samples;
however the peak of the XRD spectra for the other spinel Ni-ferrite powder samples synthesized
at temperatures of 100 C are sharper compared to previous peaks.

The crystallite size (D) of synthesized NiFe,O4 samples was calculated through Debye
Scherrer formula by measuring the FWHM of the highest peak (311) plane, while the lattice
constant (a) was estimated through eq.2 below [4,14]. All these parameters were calculated for

the samples are listed in Tablel.

0.91
- B cos6 1
a = dhkl hZ + kZ + lZ 2

Where A represents the XRD wavelength that used (1.1548 A), B- is represent Full Width Half

Maximum of plane (311) , 0- is represent the Bragg’s angle, d- is represent interplanar spacing

values and (hkl) the Miller indices.
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Figure 2: XRD patterns of spinel NiFe;O4 powders at different synthesizing temperatures by
glycine-nitrate auto-combustion process.(S1): T: 50°C,(S2): T: 75°C and (S3): T:

100°C.
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Table 1: Crystallite size and lattice constant of NiFe2Os powders at different synthesizing

temperatures
as-synthesized T 20 Lattice Lattice Crystallite
powdered samples | . spacing, constant size
(C) (deg.) .
d (A) a(CA) D (nm)

S1 50 35.66 2.51568 8.3435 25
S2 75 35.69 2.51357 8.3365 30
S3 100 35.71 251223 8.3321 32

From Table 1, it is clear that the crystallite size of the spinel phase increased from 25nm to
32nm. The reason may be due to the enhancement of the coalescence process, which takes place
at high synthesizing temperatures with respect to time, in which the grain size of the final
products increases. Based on the literature, crystallite size and lattice constant are directly
related. Decreasing in crystallite size led to an increase or decrease in the lattice constant [15]. In
the present work, lattice constant decreases with the rise of temperature and increasing in the

crystallite size. A similar variation was observed by H. Moradmard et al. [16].

3.2 Surface Morphology

The morphology characterization of spinel NiFe.Os powders were determined by FE-SEM
analysis. The FE-SEM images of the samples at the lowest and highest temperature are shown in
Fig.3a and the EDS spectrum is given in Fig.3b. From FE-SEM images, it can be observed that
the nanoparticles have agglomerated. Agglomerate and grow into larger assemblies a cure when
the nanoparticles have a large surface area-to-volume ratio and very high surface energy. In
order to reduce the total surface energy, the particles in the nanoscale tend to agglomerate.
Another reason for agglomeration may be the interaction between the magnetic nanoparticles
that is agrees with D. Guragain etal. [8]. The effects of the escaped gases during the combustion
phase could be the voids in the powdered samples. EDX analysis for Ni-ferrite at lowest and
highest temperature indicates that the basic compositions of ferrites are Ni, Fe and O. Au peak
impurity in samples due to the ferrite samples were coated with gold for the avoidance of

charging effect.
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Figure 3: (a) FE-SEM images and (b) EDS analysis of the spinel Ni- Fe;O4 ferrite samples

3.3 Fourier Transforms -Infrared Spectroscopy Analysis

To determine the chemical structure of the synthesized Ni-ferrite powders the FTIR spectrum
was taken at the range of (4000 — 450 cm™) (as pellets in KBr) and shown in Fig. 4. The main
two vibrational bands were observed in FT-IR spectra for S1, one is higher vibrational frequency
(vTer) in the range of 554.76 cm™ and the other one is the lower vibrational frequency (voc) in the
range of 464.12 cm™, are the characteristic bands of cubic spinel structure. The higher
vibrational frequency vret is assigned to Fe3*- O stretching vibrations at the tetrahedral site (A)
and the lower vibrational frequency voct variation at the octahedral site (B). A similar variation
was observed in Ref. [17]. Compared between the three samples in Figure 4, it is clear that no
lower vibrational frequency voct variation in octahedral site (B) appeared in the spectrum at
highest temperatures (75 and 100)°C.The reason is the inability to read the value less than 500
cm for FT-IR device. The peak at ~2333cm-1 was ascribed to stretching vibration of the O—H
group present in the nanoferrites. The special absorption peak at 2920.89 cm™ corresponds to
O—H group of fuel [13]. The hydroxyl group can be assigned to the wide band around 3778.94
cm™. Similar variation was observed in Ref. [18] for other spinel ferrite. Depending on the
method suggested by Waldron [19] the force constant (Ktet and Koct) of the tetrahedral and
octahedral vibrational frequencies (vret and voct) are listed in Table 2. It is clear that the
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tetrahedral vibrational frequencies is shifted towards the higher frequencies with a rise in

temperature, which are ascribed to increase in force constants and contraction of Fe** - 0% bond
lengths at A site
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Figure 4: FT-IR spectrum for three as-synthesized powdered Ni-ferrite by glycine-nitrate auto-
combustion process.(S1): T: 50C,(S2): T: 75 C, and (S3): T: 100°C.

Table 2: The tetrahedral and octahedral vibrational frequencies as well as force constants of Ni-

ferrites at different synthesizing temperatures.

T XRD VTet VOct Kret Koct
Sample | (°C) D(nm) (cm™) (cm™) (102 N/m) (102 N/m)
S1 50 24.64 554.76 464.12 2.23 1.56
S2 75 30 562.15 - 2.29 -
S3 100 32.09 629.26 - 2.88 -

3.4 Photoluminescence analysis

The photoluminescence study of the Ni-ferrite nanoparticles was recorded at room
temperature with an excitation wavelength of 385 nm and depicted in Fig. 5. The spectra were
found in the visible region. The spectrum consists of emission peaks at 350 nm (3.54 eV), 680

nm (1.82 eV), 770 nm (1.61 eV), and 820 nm (1.51 eV). Peaks were shifted to shorter
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wavelengths with an increase in the emission intensity as temperature rising. The
Photoluminescence around 3.54 eV is mainly because of the quantum confinement because the
peak value approximately agrees with the band gap of ferrite nanomaterials.

The influence of the surface oxide is also essential if there is a difference in the energies, which
is associated with the Stokes shift between the absorption surface defects or surface oxide.
Similar observations were reported for other ferrites in Ref. [20].
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Figure 5: Photoluminescence spectra for three as-synthesized powdered Ni-ferrite by glycine-

nitrate auto-combustion process.

4. Conclusions

From the study glycine-nitrate auto-combustion process produces cubic spinel structure of Ni-
ferrite nanoparticles with impurity phase Fe2O3 at low temperature of 50°C decreases with a rise
in temperature of the synthesis. The glycine-nitrate auto-combustion process is suitable for the
synthesis of Ni-ferrite nanoparticles with small crystallite size variation (25-32)nm depending on
the temperature of the synthesis. Glycine-nitrate auto-combustion process produce Ni-ferrite
nanoparticles that have agglomerated. Furthermore, from the photoluminescence study, the
emission peaks were shifted to shorter wavelength with an increase in the emission intensity as

temperature rising.
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