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Introduction:

Diluted magnetic semiconductors (DMS) have attracted a lot of
attracted in past years because it is a type of semiconductor in
which magnetic ions are substituted against the host cations. It
shows many applications in producing spintronic devices such
as spin-valve transistors [1,2]. ZnO is a compound
semiconductor in groups I1-1V that has emerged as one of the
most promising options for DMS materials [3]. Furthermore,
Zn0 has potential applications in optoelectronics due to its high
exciton binding energy (60 meV) and wide bandgap (3.37 eV)
properties have potential uses in optoelectronics. In recent
years, scientists have been studying the effects of doping
transition metals including Co, Mn, Fe, and Ni into ZnO
nanoparticles [4]. Many theories have suggested and confirmed
that doping these transition elements into ZnO nanoparticles
causes significant changes in Iluminous and magnetic
characteristics. These transition metals have been doped on
ZnO lattice to change the different magnetic and optical
properties, which might be used in spintronic devices, such as
quantum computers, gas sensors, and spin field-effect
transistors. To achieve these goals, it is critical to develop ZnO-
based ferromagnetic materials with well-understood physical
and structural characteristics. The ferromagnetism strongly
depends on environmental conditions and the synthesis method
used for the preparation of samples which is confirmed by the
experiments [5]. In recent, many reported on ZnO with single
transition metal-doped prepared by different methods such as
Mn-Co codoped [6], Fe-Ni codoped [7], Fe—Co codoped [8],
Co—Cu codoped, and Cr—Fe codoped [9]. In recent, there are
many other reported, magnesium doped with nano ferrites [10],
calcium chromium magnesium nano ferrites [11], Ce-doped
Co-Mg-Cd spinel nano-ferrites [12]. Many processes have been
discovered to synthesize the nanostructure, they are co-
precipitation [13], sol-gel [14], solvothermal [15,16,17,18],
sonochemical [19-20], and polymeric citrate precursor [21].

In this work, the sol-gel method was chosen for synthesis
because it has high purity and good uniformity. It is energy-
saving because of the low annealing temperature. It can easily
use for the preparation of composite, coating, and fiber
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Abstract:

The nickel and iron co-doped with zinc oxide ZnixyFexNiyO {(x=0, y=0), (x=0.05, y=0), (x=0, y=0.05), (x=0.03, y=0.02)}
diluted magnetic semiconductor were successfully prepared by Sol-Gel technique. Pure and doped samples were characterized
by X-ray diffraction, UV-visible spectroscopy, Vibrating Sample Magnetometer, and Fourier Transform Infrared Spectroscopy.
The X-ray analysis of pure and doped ZnO confirmed the hexagonal wurtzite structure and no other phase like secondary and
impurity. The UV-visible absorption spectra of Co-doped samples showed a blue shift in absorption edge as compared to un-
doped or single-doped ZnO nanoparticles. The magnetic characterization confirms the room temperature ferromagnetism in all
doped and co-doped ZnO nanoparticles. Magnetic saturation was improved in Fe-Ni Co-doped samples relative to pure or
single doped with ZnO which reveals that the exchange interaction between Ni and Fe leads over the Ni-Ni and Fe-Fe ion
interactions. The Fourier Transform Infrared Spectroscopy (FTIR) reveals the existence of chemical bonding and functional
groups. It was confirmed that the occurrence of iron Fe and Ni modes is associated with the ZnO nanoparticles.
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materials. The effect of doping materials Ni and Fe with the
ZnO nanoparticles on the structural, optical, magnetic, and
chemical bonding properties were examined by using X-ray
diffraction (XRD), UV-Vis spectroscopy, vibrating sample
magnetometer  (VSM),  Fourier  Transform  Infrared
Spectroscopy (FTIR) respectively.

The experimental result showed that the co-doping of Ni and Fe
with ZnO nanoparticles has increased the properties of
ferromagnetic material. It was also observed that the change in
lattice constant in structure studies and optical properties.
Experimental Procedure:

All the materials were purified and analytical reagent grade
which is used in this work. To synthesize the pure ZnO
nanoparticles, zinc acetate (Zn (CHsCOQ),-2H,0) was added
in De-ionized water and stirred for 1 h. In this solution, citric
acid (Ce¢HsO7) and Ethylene glycol (C2HsO2) was added in a
solution for making the reaction fast. An aqueous solution of
ammonia (NHs) was added dropwise to the solution to maintain
the pH ~11, and the color change into greenish-yellow from
reddish-orange. To make the gel form, the solution was stirred
at room temperature and dried at 120°C for 3 hours, the color
changed into blackish-brown, grind it to make the fine powder.
To remove the unwanted chemicals, and make the oxide of the
fine powder, annealing it into the furnace at 650 °C for 2 hours.
To synthesize the doped Zny.xyFexNiyO {(x=0.05, y=0), (x=0,
y=0.05), (x=0.03, y=0.02)} nanoparticles, the same steps have
been repeated except adding nickel acetate (C4HsNiO4.4H20)
and iron nitrate (FeNOs) according to the calculated
stoichiometric ratio as shown in figure 1.

.

Figure 1: Synthesis process of iron-nickel co-doped with zinc
oxide nanoparticle by sol-gel method & &

B
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Results and Discussion:

X-ray diffraction Analysis:

The pattern of Znix.yFexNiyO {(x=0, y=0), (x=0.05, y=0), (x=0,
y=0.05), (x=0.03, y=0.02)} are shown in figure 2(a), and (b).
XRD diffraction peaks having different diffractions labeled as
(100), (002), (101), (102), (110), (103), (200), (112), (201), and
(202) shows the planes in one phase with the structure of
hexagonal wurtzite. The diffraction peaks of the XRD graphs
are matched with the standard spectrum (JCPDS card number
01-079-2205). There are no secondary phases and no traces of
impurity in the detection limit of XRD. The result shows that
Ni and Fe ions are well incorporated within the lattice of the
host material. The product formed clearly shows that there is a
pure phase and has no characteristics peaks are found from the
other impurities. The narrow width and strong intensity of XRD
results exhibit a good crystalline structure. We calculate the
average size of grain can be calculated from the full-width half-
maximum of major diffraction peak (101), we calculate it by

using the Scherer formula.
KA

Bcos6

1)
Where ‘D’ shows the size of grain (hkl) shows an index of
crystals and ‘K’ is Scherer’s shape-related constant, ‘A’ is the
wavelength of X-ray, ‘B’ is the FWHM (Full width at half
maximum) and ‘0’ is the angle of diffraction of the peak.
Results are displayed in table 1: the average crystalline size of
co-doped ZnO nanoparticles is 38.86 hm which is smaller than
the pure ZnO nanoparticles 44.53 nm. For co-doped Ni and Fe
with ZnO the peaks shift toward lower angles as compared with
the pure ZnO and also the peak intensity decreases in the Fe and
Ni-doped concentration. This shifting and decrease in peaks
show that Ni and Fe are well incorporated with the pure ZnO as
shown in figure 2(a) the peaks shift to a lower angle because
according to equation A = 2dna Sin® when d changes its lattice
parameter changes and that’s why the peak shifts in doped
material as shown in figure 2(b). The peaks can also be affected
by the orientation of the sample and the temperature provided
to it. By using Bragg’s formula.
A= Zdhk| sin@
)

We can find wavelength ‘A’. Where dnq represents crystalline
plane distance with indices (hkl) and ‘0’ represents the angle of
diffraction of peak (101). The results show that the value of
crystalline distance d of doped ZnO is almost constant. The
lattice constant can be determined by using the relation.

a=dhu \/g (h? + hk +12) + ()12
3)

Where ‘a’ and ‘c’ are lattice constants and ‘dn’ is a distance of
crystalline plane with indices (hkl). The values of these
parameters are displayed in table 1 [22].
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Figure 2 (a): XRD Pattern of Pure ZnO, ZnNiO, ZnFeO, and
ZnNiFeO Nanoparticles
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Figure 2 (b): XRD Pattern Shift of Pure ZnO, ZnNiO, ZnFeO,
and ZnNiFeO Nanoparticles
Table 1: Calculations of XRD Data.

Sample 20 d a(4) D(hm)
Pure ZnO | 31.8 | 0.281064 | 0.1405319 | 45.872782
34.44 | 0.260099 | 0.5201973 | 43.757151
36.28 | 0.247318 | 0.2473181 | 43.981715
ZnNiO 31.74 | 0.281581 | 0.1407906 | 51.599191
34.43 | 0.260245 | 0.5204904 | 51.958835
36.22 | 0.247714 | 0.2477141 | 49.147611
ZnFeO 31.76 | 0.281408 | 0.1407042 | 45.868224
34.40 | 0.260392 | 0.5207839 | 24.449895
36.26 | 0.247449 | 0.2474499 | 34.816868
ZnNiFeO | 31.76 | 0.281408 | 0.1407043 | 51.601752
34.46 | 0.259952 | 0.5199045 | 25.194888
36.28 | 0.247318 | 0.2473180 | 39.792981

Ultraviolet-Visible Spectroscopy:
The Ultraviolent absorption spectroscopy was used for
analyzing the optical properties of the sample being synthesized
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ZniyxyFexNiyO {(x=0, y=0), (x=0.05, y=0), (x=0, y=0.05),
(x=0.03, y=0.02)}. The absorption effects of different peaks are
shown in figure 3 (a) and calculations of the absorbance data
are shown in table 2. By increasing the concentrations of Ni and
Fe doping with pure ZnO, then the absorption edge of the doped
samples occurs blue-shift. This is due to the Ni*and Fe?* ions
replacing the position of Zn?* in the ZnO lattice. The position
of Zn*2 is replaced by Ni*? and Fe*2. The tauc gap rule is used
for studying the optical properties of amorphous solid materials.
The Tauc graph shows the absorption of light energy (hv) and
this energy bandgap is measured by using equation
(ahv)? = A(hv - Eg)

(4)
In which ‘hv’ shows the energy of photons, ‘v’ shows the
frequency of photons and ‘Eq” is the energy of bandgap.

_ 4mk
A=

(®)
It shows the absorption coefficient. ‘A’ and ‘k’ are wavelength
and absorbency and ‘h’ is Planck’s constant. For direct
transition, we chose the square of ‘ahv’. It gives us the best-
fitting linear curve for the region of the band edge. The relation
between hv and (ahv) 2 is shown in figure 3(b). We can find the
Ey values by extrapolating the linear region near onset in the
plot of hv verses (ahv)?. The values of bandgap Eq are 2.8721
eV, 2.4784 eV, 2.7159 eV and 2.4159 eV for ZnO pure,
ZNo.95F€0.050 ZNg.95Nip.050 and Zno.gsFe0.03Nio.020 respectively.
By comparing the bandgap of doped ZnO of Fe and Ni with the
pure ZnO it probably is seen that doped ZnO is lowering
gradually. The optical (UV) bandgap gradually decreases in the
transition metal because of the sp-d exchange of spin interaction
between localized d-subshell electrons and band electrons of
transition metal ions that are substituting cation. Thus the Ni
and Fe samples are entered into the ZnO lattice site, the p-d and
s-d interactions exchange between localized d electrons and
ZnO band electrons of Ni and Fe give rise to the change in the
structure of the energy band respectively, it leads to the
reduction in the bandgap as shown in figure 3 (b) and
calculations of the bandgap data shown in table 2 [23].
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Figure 3 (a): Absorbance of ZnO, ZnNiO, ZnFeO, and
ZnNiFeO Nanoparticles
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Figure 3 (b): Band Gap of ZnO, ZnNiO, ZnFeO, and
ZnNiFeO Nanoparticles
Table 2: Calculation of Absorbance, and Band Gap of UV

data
Sample Absorbance Wavelength Band Gap
(a.u) (nm) (Eo)
ZnO pure 3.023 338.990 2.8721 eV
ZnFeO 3.480 341.178 2.4784 eV
ZnNiO 3.374 341.178 2.7159 eV
ZnFeNiO 3.663 345.553 2.4159 eV

Vibrating Sample Magnetometer (VSM):

The room temp ferromagnetism RTFM of the Zni..,FexNiyO
{(x=0, y=0), (x=0.05, y=0), (x=0, y=0.05), (x=0.03, y=0.02)}
pure and doped samples was prepared. Therefore the achieved
ferromagnetic behavior is an extrinsic characteristic of
Znp.gsFeo05-xNixO nanoparticles. Figure 4 exhibits magnetic
Hysteresis loops of doped and pure samples that are evaluated
at room temperature. It is clearly shown from the loops that
nanoparticles of pure ZnO possess feeble paramagnetic
behavior at room temperature. On the other hand, all doped and
co-doped samples show ferromagnetism. The saturated values
of magnetization are 0.015208 emu/g, 0.018999 emu/g,
0.017069 emu/g, and 0.012606 emu/g respectively for pure
Zn0, ZnoA95Nivo5O, ZNo.95F€0.050, and Zno.gsFeo.03Nig 020 and
Coercivity are 204.1917 Oe, 223.5210 Oe, 83.43977 Oe, and
83.41429 Oe respectively. Both the coercivity and saturation
magnetization of the Co-doped sample is small as compared to
un-doped individual doped samples as shown in figure 4 and
the calculation of the hysteresis curve is shown in table 3.

It is perceptible from results of UV and XRD that iron Fe and
nickel Ni are well merged into ZnO nanoparticles lattice, the
basis of magnetism in the results is because of substitution
among local spin polarize electrons and conduction electrons.
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Local spin effects due to the delocalized and localized
electrons. P-d coupling is a reaction that occurs where two
fragments are fused with the assistance of a metal substance.
This type is discussed in the category of organometallic
compounds. In this type, the bonding is between organic and
metallic compounds. It might be able to spin polarization of
conduction electrons. As a result, later a consecutively long-
range exchange interaction, nearly all Ni%*, and Fe?* ions reveal
a similar spin direction, leading towards the ferromagnetic
material [24, 25, 26].

Pure Zn
—nNil
aazn I I I T ——=ZnFeld
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Figure 4: Comparison of VSM Graph of Zny.xyFexNiyO
Table 3: Calculation of VSM Data

Sample Magnetic Saturation Coercivity (Hc)
Value (Ms)

Pure ZnO 0.015208 emu/g 204.1917 Oe
ZnFeO 0.018999 emu/g 223.5210 Oe
ZnNiO 0.017069 emu/g 83.43977 Oe

ZnFeNiO 0.012606 emu/g 83.41429 Oe

Fourier Transform Infrared Spectroscopy (FTIR):

FTIR spectrum of ZnixyFexNiyO {(x=0, y=0), (x=0.05, y=0),
(x=0, y=0.05), (x=0.03, y=0.02)} nanoparticles prepared by
sol-gel method. The range of the sample is measured from 3000
to 1000 cm™ at room temperature. The band position and
intensity of peak are relays on chemical composition, crystal
structure, and sample morphology. The infrared absorption
peak is found from FTIR spectra, near 1506 cm™*, which shows
that the peaks are metal oxide fingerprint range. Sharp peaks
detected at 2340 cm, which shows that strong stretching of
0O=C=0 bond, and C-H bending shows a week in nature at 1982
cmL. In addition, the wurtzite structure can be identified by the
peak at 399-416 cm™, assigned to a Zn—O bond. The FT-IR
spectra of all the samples were not changed with the addition of
Ni?* and Fe*? doping concentrations. The doping ions were
successfully substituted for the lattice site of Zn?* and into the
ZnO host lattice without changing the crystal structure. This
result is on a good promise with the result of XRD as shown in
figure 5 [27,28].
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Figure 5: FTIR Graph of Sample ZnO, ZnNiO, ZnFeO, and

ZnNFO
Table 4: FTIR Peaks and their assignments for the Zn1-x-
yFexNiyO
Assignments | ZnO | ZnNiO | ZnFeO ZnFeNiO
Stretching | 416.57 | 407.24 | 397.9cm™* | 399.18
Zn-0 cm? cm? cm?
Conclusion:

ZnixyFexNiyO {(x=0, y=0), (x=0.05, y=0), (x=0, y=0.05),
(x=0.03, y=0.02)} diluted magnetic semiconductor
nanoparticles were prepared by sol-gel method. For the analysis
of structural, optical, magnetic, and chemical properties by
using X-ray diffraction, Ultraviolet-Visible Spectroscopy,
Vibrating Sample Magnetometer, and Fourier Transform
Infrared Spectroscopy, respectively. The XRD shows a
hexagonal wurtzite structure with no impurity phases for all
samples. The Ni, Fe, and Ni-Fe doped samples are shows the
blue shift in wavelength, due to the Ni?* and Fe?* ions replace
in Zn*2 which is analyzed by using UV absorption spectrum. It
was confirmed that the bandgap and optical absorption of ZnO
nanoparticles can be controlled by doped and co-doped. The
decrease in band gap due to p-d and s-d interactions exchange
between localized d electrons and ZnO band electrons of Ni and
Fe. The co-doped of Ni-Fe shows the increase in room
temperature ferromagnetism RTFM as compared to single
doped samples with ZnO nanoparticles which are observed in
M-H measurement. It was observed that the ferromagnetic
behavior shows in co-doped due to oxygen intermediated
exchange interaction. Such as Ni-O-Fe, and Ni-O-Ni exchange
interaction controls the Ni-O-Ni and Fe-O-Fe which effects on
increasing the saturation magnetization at room temperature.
The vibrational modes of ZnO with the chemical bonding
without any modes related to doping samples are revealed by
FTIR. The co-doped sample shows higher optical transmittance
and the spectra of all the samples were not changed with the
addition of doping because doping ions were successfully
substituted for the lattice site of Zn?*.
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