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Abstract

Spinel ferrite nanoparticles Zn,, Mn _Fe, , O,, where X = (0.0, 0.1,

0.2, 0.3, 0.4, 0.5), Spinel nanoparticles with  zinc (Zn2+) and
manganese (Mn*") ions, were synthesized using the sol-gel method
with citric acid. A comprehensive analysis was performed using X-ray
diffraction (XRD), Fourier transform infrared (FTIR) spectroscopy,
UV-Vis spectroscopy, and electrical conductivity. The results showed
that the samples possess a single-phase cubic spindle crystal structure.
The electrical conductivity (cac) was also investigated as a function of
frequency. The formation of ZMF nanoparticles was confirmed by
FTIR and UV-Vis analysis of the samples. The nanoparticles exhibited
energy gaps in the semiconductor region. UV-Vis analysis revealed
gaps in the optical energy band, which increased with increasing zinc
and manganese concentrations. FTIR spectra showed major absorption
bands, confirming the formation of a spinel ferrite phase. AC
conductivity was observed as a function of both temperature and
frequency, with experimental results showing that the AC conductivity
(cac) increased with increasing frequency. Electrical conductivity also
increased with increasing temperature, indicating the semiconducting
nature of the compound. The average crystal size ranged from 36.84 to
37.57 nm. The results demonstrate that the studied material is a
promising alternative material for a wide range of applications due to
its unique properties. The energy gap of the nanocomposites was
determined using UV-Vis spectroscopy, with results of 2.631 to 2.389
eV, respectively, indicating improved conductivity. These results
showed that the Zn,, Mn Fe, , O,compound has high capacity and

high loss as well, making it a promising choice for advanced electronic
devices such as computer memory cards, microwave absorbers, and
capacitors.
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Introduction

In recent times, researchers and students have shown increasing
interest in spinel ferrite materials (AF204, where A is Co, Ni, Mn, Zn,
Mg) due to their distinctive insulating, magnetic, and optical
properties. These materials are characterized by their ease of
fabrication and environmental stability. The physical and chemical
properties of these materials also influence the properties of the ferrite.
which depends on numerous aspects involving preparation conditions
such as grinding time, sintering temperature and heating and cooling
rate '-%. The sol—gel have been used to create MFe,O4 nanoparticles 3,
The most alluring techniques is co-precipitation because of its easy
experimental setup and ultrafine particles with high yield at low
sintering temperatures It is essential to get the high-density powder
with small and homogenous grain size, it can be achieved using wet
chemical synthesis techniques, such as the sol-gel method, which
offers a wide range of advantages over other techniques ’-°-’. Ferrite
has widely employed in various applications such as magnetic sensors,
data storage devices, actuators, audio recordings, and biotechnology
Ferrites can thus be utilized as computer memory cores and antenna
cores, inductors, switching devices, transformers, microwave latching
mechanisms, and so on .Nowadays, the ferrites are extensively
employed in the commercial field because of their superior magnetic
and electrical characteristics *”'"''. Information storage, magnetic
resonance imaging, ceramic coatings for solar cells, optoelectronic
devices, and electronic devices '~'. The optical properties of the
dielectric materials generally became of interest because of their
sensible transmission within the optical part of the spectrum as
compared with different categories of materials. So that in order to
study the optical properties of the ferrite materials, the optical
constants such as absorption coefficient, transmission, reflection, and
index of refraction are vital parameters to explain the optical properties
of the ferrite materials. "> The Zn-Mn ferrites was different by
substituting Zn>* ions, which prefer tetrahedral sites, with divalent
metal ions that either adopt octahedral positions or inhibit grain growth
and the magnetic properties tailored with careful addition '® '"'* 7.,
The octahedral sites are occupied by Mn** and Fe’, whereas the
tetrahedral sites are occupied by Zn** and Fe™. explain the optical
properties of the ferrite materials. within the zinc-substituted Ba
(ColxZnx)2Fel6027 ' Rani et al. reported a decrease in the
saturation magnetization when increasing the zinc concentration for the
cobalt zinc ferrites composition synthesis by the ceramic method'® The
general behavior for the nickel ferrites prefers to occupy the octahedral
sites while the zinc prefers to occupy the tetrahedral site. The



interactions between the tetrahedral ions and octahedral sites will alter
the electrical and magnetic properties of ferrites. The octahedral sites
are occupied by Ni** and Fe’*, whereas the tetrahedral sites are
occupied by Zn** and Fe**. The properties of the ferrite are also
strongly dependent on the synthesis method, sintering temperature,
chemical composition, etc."””’~' The knowledge of types of band gap
energy, direct or indirect structure, is very important for deciding what
material can be used in a device requiring light output. The electrical
conductivity (o,.) was studied as a function of frequency (from 100
kHz to 1 kHz) within a temperature range of 304 to 461.4 K. Energy
gaps were observed at different zinc and manganese concentrations,
with the nanoparticles exhibiting energy gaps in the semiconductor
region. The alternating current (AC) conductivity was observed as a
dependence of both temperature and frequency, with experimental
results showing that the AC conductivity (o,) increased with
increasing frequency. The electrical conductivity also increased with
increasing temperature, indicating the semiconducting nature of the
compound . Fe?* ions occupying octahedral positions are formed. This
leads to increased electron exchange between Fe?* and Fe3",
polarization, and improved conductivity. These results revealed that
Zn,, Mn Fe, , O, has high capacitance and high loss, making it a

promising choice for electronic equipment such as computer memory
cards, microwave absorbers, and capacitors.

Experimental procedure

22 23

Materials. The sol-gel method "~ was used to prepare

Zn,, Mn_Fe, , O, nanoparticles, which includes the following steps.
Metal ions [Mn(NO,),.8H,01, [Zn(NO,),.6H,0O], and
[Fe (NO,), 9H,0 ] were used as starting materials with a purity of

99% (MI), along with Ethylenediaminetetraacetic acid and citric acid

in a molar ratio.

4 | (2—2x)Fe3t +citric acid

Metal Nitrates |(1+x)Zn 2+ +xMn
800C _ sol —gel comoustoin_

1+x o

Mn,, FeZ—x 4
+Gases T(Coz, N, H20)

The resulting compound is Zn,, Mn Fe, , O, .

Experimental setup



The candidate samples Zn,, Mn Fe, , O, where x = (0.0, 0.1, 0.2,

0.3, 0.4, and 0.5) were prepared using the gel solution auto-combustion

manufacturing  methods. Metal ions [Mn(NO,),.8H,0 ],
[Zn(NO,),.6H,0 ], and [Fe (NO,);.9H,0O ] were used as starting

materials with a purity of 99% (MI), along with
ethylenediaminetetraacetic- acid (E.D.T.A) and citric - acid (C.A) in a
molar ratio. For each sample, 40 g of E.D.T.A and 40 g of C.A were
mixed in a flask, with 60 ml of distilled water. The mixture was then
stirred for 6hours at room temperature. The mixture solutions were
placed in electric stove. Ammonium hydroxide was then used, and the
mixture was stirred for another 6hours at 60C( until homogeneity was
achieved and a gel formed. To dry the samples, they were placed in an
oven at 120 C( overnight. Finally, the beaker was placed on an electric
stove where the temperature was increased to the 350C(, for 30
seconds. The samples were sintered at 880C(, for 4hours,.

Instrumentation:

The optical properties of the samples were investigated using a UV-Vis
spectrometer, using U-3900-Japan , located at the same position as the
photovoltaic cells, measure the intensity of the emitted light. The meter
records and displays the values on an LCD screen. Electronic detectors
were also used to measure and compare the intensity of the light
beams. X-ray diffraction (XRD) were also used to measure the
structural properties with a geotechnical survey using CuKa radiation
(A = 0.154C°) were collected (VISXD-2 X-ray diffraction China) .
Infrared spectra of all samples in this series were recorded at room
temperature in the range of 400 cm™ to 4000 cm™ using a Fourier
transform spectrometer , at room temperature (using a Perkin-Elmer
spectrometer (model 783) with potassium bromide as the solvent). The
electrical conductivity of all samples were investigated . Using the—

lock-in amplifier SR510 Stamford Research Systems .

Results and discussion



X-ray diffraction analysis.

The X-ray diffraction pattern of the Zn,, Mn Fe, , O, nanoparticles
composite shows in fig 1. This figure shows only one phase of spinel
ferrite. The samples were also found to be concordant, which was
confirmed by the structure of Zn,, Mn_Fe, , O, nanoparticles, spinel
ferrite at Fd-3m . All reflection lines for the ferrite samples agree well
with the standard powder diffraction data from JCPDS.1012-22. *" No
other lines were observed, indicating that the samples contain only one
phase, face center cubic and that there are no signs of other phases or
residues in the samples. Furthermore, it was observed that each peak
shifted towards a lower 20 value with the substitution of Mn** and

Zn®* ions in the Zn,, Mn Fe, , O, lattice. The average crystalline

domain size (D) can be calculated from the well-known Scherrer's
equation. ' . » where A is the X-ray wavelength, K is a constant
frequently referred to the crystallite-shape factor. A value of 0.9 is

used assuming spherical crystallites with cubic unit cells By . =
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Figure 1. x-ray diffraction patterns for Zn,, Mn _Fe, , O,

The slight shift of the peaks indicates an zigzag in both the crystal
size and the lattice parameters, respectively.

The characteristic diffraction peaks of these phases were precisely
identified, with no peaks associated with secondary phases, impurities,

or hydroxides in the sample. The crystalline nature of the sample was



assessed based on the sharp and strong x-ray diffraction peaks, and in
accordance with standard >’ . The cell size (v), lattice constant (a), the
distance between crystal planes - (p,) XRD density, and
apparent density (pp) and Grain size (nm) were calculated. All them
are listed in Table 1. The Shearer equation was used to calculate the

grain size (D) *' for Zn,, Mn_Fe, , O, nanoparticles. The dislocation

density was also calculated **,"-"*
gm/cm’ | gm/cm’ (nm)

0 0.843 5.29721 | 5.17667 | 0.59907711 37.5702

0.1 0.846 5.25438 | 5.19042 | 0.60549574 | 40.30895

0.2 0.843 5.31472 | 5.17508 | 0.59907711 | 33.97959

0.3 0.844 5.29039 | 5.19461 | 0.60121158 | 42.49303

0.4 0.852 5.28039 | 5.10858 | 0.61847021 | 41.48395

0.5 0.845 5.28848 | 5.01099 | 0.60335112 | 36.83904

Table 1. x-ray density(px),, bulk density (py), lattice constant
(a),volume (v), grain size.(D) . Zn,, Mn Fe, , O, Nano composites

The x-ray density (px) was calculated by using equation
Z M

TN,V

where, M is the molecular mass of sample, Z=8 is the number of

P

cell

molecules per unit cell, N is Avogadro's number. and Vecen is the
volume of the unit cell . The calculated values of x-ray density pyx are
listed in table 1. The x-ray density value , looks like zigzag . This
behavior depends on the molecular weight, the close packing of the
plane of the unit cell of the sample and the migration of Mn*™* and
Mn*? in the unit cell.

Bulk density (py) was estimated by using the following equation .

M

pb:V

sample
where M is the mass of the sample , V= (r2 h), where h is the
thickness, and r is the radius. The values of bulk density are just less
than x-ray density.

Optical measurements.

Infrared (IR) analysis.




Fig 2., shows the plots of infrared spectra of Zn,, Mn _Fe, , O, (x =

0.0, 0.1, 0.2, 0.3, 0.4 and 0.5) Nano-ferrite. The spectra were recorded
at room temperature in the frequencies range of 400-4000 cm . Tow
frequencies band confirmed the higher frequency band vi- (571-599
cm™) and lower frequency band vz (434-464 cm™) are assigned, the

536 Thus, the formation

tetrahedral and octahedral sites, respectively .’
of a single-phase cubic structure of Nano-ferrites was confirmed to
clear the cubic structure with the formation of two kinds of
characteristic absorption bands found at around 434-460 cm™ and 571-
599 cm'. These were associated with the stretching vibrations of
tetrahedral (A-site) and octahedral (B-site) sites, respectively *" The
IR spectra exhibits also tow frequencies band in the wavenumber range
above 1000cm™ , the absorption bands found at 1634.33cm™ and
3426.87cm’'. Absorption bands in the range of 400-1000 cm™ are
related to metal-oxygen bonds, such as Mn-O (Mn** ,Mn*®) vibrations
and O — H ( H20, ..) vibrations. The band positions and number of
absorption peaks are dependent on the crystalline structure, chemical

composition, and particle morphology . **
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Figure 2. Shows that FT-IR spectra for Zn,, Mn Fe, , O, (x=0.0,
0.1,0.2,0.3, 0.4 and 0.5).



Composition Absorption | Absorption Force Force constants Bond Bond
P band band constants Lengths Lengths

X v, (cm™) v, (cm™) Dyne/cm’ Dyne/cm’ (B-0) (A-O)

K. x10| K. x10° B-O A-O

X=0 429.084 544.792 2.18049832 3.12907669 2.23037 1.8546

X=0.1 410.763 548.649 2.00537935 2.87777601 2.23831 1.8612

X=0.2 429.084 553.471 2.18049832 3.12907669 2.23037 1.8546

X=0.3 432.941 557.327 2.22250844 3.18936214 2.23301 1.8568

X=0.4 439.691 562.148 2.31406904 3.32075445 2.25418 1.8744

X=0.5 440.655 562.148 2.30514185 3.30794367 2.23566 1.8591

Table 2 . IR bands, force constants (Koct and Ktet), bond lengths

(vibration B-O and vibration A-O), as a function of X - concentrations .

It can be observed from the IR plots that the band positions and
changes slightly. This may be due to the distribution of Mn and Zn ions
(ionic radius 0.64 A) which are replacing Fe®" ions (ionic radius of 0.67
A) at the octahedral [B] site; thus, making some changes in the size of
the tetra- and octahedral-sites. It can be seen that the wave number
frequency shifted to higher frequencies with increasing Mn and Zn
content, and the values of frequency bands are shown in figure 2. The
fluctuation in the cations-oxygen bond length of the spinel's octahedral
lattice may be the cause of the shift in band locations that occurs when
the Mn content is increased. The displacement of Fe** ions by smaller
Mn ions, will result in a somewhat decrease in the metal-oxygen bond
length and consequently will increase the wave number of bands. The
band vibration in the range 1550 -1634.33 cm’' may be logically
attributed to the increasing quantity of the Mn** — O* complexes as the
Fe®* content decreases at the B-site. The broad absorption in the 3350—
3650 cm™ range is attributed to the — OH groups of H20, indicating the
existence of water absorbed on the surface of ZnO nanograins.”’

The table 2. Shows the variation of the force constant Koct and Kiet
which may be as a result of variation of the cations oxygen bond length.

The hopping length L is the distance between the ions in the




tetrahedral and octahedral given as . L, :a\/§4 , L, :a*ﬁA

where, a is the lattice parameter. The Waldron's force constant Koet

and Keet given as.
K 05,=10-62(M % Wix0? K =7.62(M )vi =07

Wherev1 and Vv, are bondsvibrations incm ™" | M . and M 5

are the molecular mass of cations distribution for the composations’ "
UV-Vis spectroscopy.

Absorption coefficient (o).

The optical properties of the Mn-Zn, nanoparticles samples are studied
by UV-visible spectra. The transmission spectra of all the synthesized
materials showed almost an opposite behavior to that seen in Fig. 3.
Obviously, the optical transmission increased in the visible region for
all the synthesized materials and possesses maximum value for Zn**
Mn** Fe* 04 . The absorption coefficient (o) value can be computed via
the following equation:

a=2.303A/t."
The change in o (A) for Zn,, Mn_Fe, , O, is presented in Fig. 3.

From this Figure ,it can be seen that a decreases as the wavelength (A )
of the incident photon increases. The extinction coefficient (o) value

can be calculated via the following equation :

K=4) 4%
The absorption coefficient (a)° was calculated as o = 2.303 A/,

where t is the sample thickness and A is the absorbance. The highest

absorption coefficient is shown in two locations .
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Figure 3. Absorption spectra of Zn,, Mn Fe, , O,
(X=0.0,0.1,0.2,0.3, 0.4, 0.5) Nano composites .

The first is in the violet region at (A = 334 nm), where the absorption
is 30%. Direct electron transitions are expected at these wavelengths
(high photon energy). The second was performed in the ultraviolet
region , where the absorption is 70%. The figure shows that the
absorption coefficient decreases with increasing incident wavelength
for all ferrite samples up to a specific wavelength that varies depending
on the ferrite sample. At the wavelength surrounding 300nm, o
becomes nearly plenty broad band. The absorption coefficient values in
the ultraviolet region decrease sharply with decreasing wavelength.

This is attributed to the absorption properties of this samples.

Extinction coefficient (K) and refractive index (n).

Extinction coefficient (k) versus wavelength of Zn, Mn Fe, , O,

(x=0.0,0.1,0.2,0.3,0.4 and 0.5) Nano composites is presented in Fig. 4.
It can be observed that k increases as the wavelength of the incident
photon increases

The extinction coefficient is a unique property of a material's
composition, indicating its ability to absorb light of a specific
wavelength. It is calculated as the fraction of light lost due to scattering

and absorption per unit average distance. The extinction coefficient (k),

10



which can be calculated using Equation ** is a measure of the fraction
of light lost due to scattering and absorption per unit distance.
K=o)n

In Figure 4 , it is shown that the extinction coefficient of the sample
behaves similarly to the absorption coefficient as a function of
wavelength. The extinction coefficient decreases with increasing
wavelength. The value of the extinction coefficient decreases with
increasing zinc content. The extension coefficient indicates the
proportion of light lost at this location due to scattering and absorption.
Furthermore, the curved nature of the (k) and the curved absorption

coefficient are shown to be identical.
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Figure 4 . Extinction coefficient (k) versus wavelength of
Zn,, Mn Fe, , O, (X=0.0,0.1,0.2,0.3,0.4 and 0.5) Nano

composites

The refractive index show a decrease 1.563 to 2.948 ev and after that
nearly from 4.5 to 6.5 ev with photon energy and Mn ions
concentration(1-3), as shown in Fig 5. and table 3. The effects of large
ionic size and concentration may be responsible for the decrease. The
same behavior was report by “.

The dielectric function is directly associated with the energy band gap,

and therefore, the dielectric constant during this work was obtund

using the formula reported by. g=n"

11



Refractive index (n)
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Figure 5. refractive index (n) of an iy Mn, Fe 2y O 4
Nano composites.
X N €=n’ Eop=n>-1
0 2.562589 6.56686 5.56686
0.1 2.257383 5.09578 4.09578
0.2 2.314207 5.35555 4.35555
0.3 2.056235 4.2281 3.2281
0.4 2.570328 6.60609 5.60659
0.5 2.908934 8.4619 7.4619

Table 3. Refractive index (n), dielectric constant (¢), and
optical dielectric constant (€qp) of the Zn,, Mn Fe, , O,

Nano composites .
Optical Conductivity.

The optical Conductivity is another important parameter
required for the design of optoelectronic devices. The optical
Conductivity was calculated from the optical absorption

coefficient o using the following relationship *° .

12
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Figure 6. Optical Conductivity plots energy photon for
Zn,, Mn Fe, , O, (X=0.0,0.1,0.2,0.3,04,0.5)
Nano-composites .

Optical band gap energy :-
hv= A(hv-Eg)n V'
Where A is the probability-dependent constant of the transition.

eg denotes the optical band gap, hv is the photon energy, and n
is a constant equal to 1/2 or 2 for a allowed direct or indirect
transition, and 3 or 3/2 for a prohibited direct or indirect
transition. Using Tauc plots (ahv)? versus (hv), the optical
energy band gaps (Eg) were calculated. (ahv)* versus (hv)
curves were plotted and shown in Figure 6 to evaluate the
indirect band gap value of the resulting samples. The S-shaped
profile of the (ahv)? versus (hv) curves indicates the presence of
two distinct slopes and suggests that phonons play a role in the
absorption process. Figure 6 shows the plots of the prepared
samples , the indirect band gap energy value (Eg) was obtained
by extrapolating a straight line at (ahv)? = 0 for all fabricated

samples.

13
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Figure 7. Optical band gap energy plots for
Zn, Mn Fe, , O, (X=0.0,0.1,0.2,0.3,04,0.5)
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Figure 8. Optical band gap plots for Zn,, Mn_ Fe, , O,
(X=0.0,0.1,0.2,0.3,0.4,0.5) (FMZ) Nano-composite.

Sample X Band gap (Ev)
Zn Fe,O, 0 2.631
7Zn; 1Mng Fe 304 0.1 2.256
Zn; ,Mng,Fe; 04 0.2 2.830
7Zn; 3MngsFe; 404 0.3 2.763
7Zn; 4Mng 4Fe; 204 0.4 2.720
7Zn; sMng sFeOy 0.5 2.389

Table 4. Optical band gap values of the Zn,, Mn Fe, , O,
Nano-composites .

The optical energy band gap Eg values of Zn,, Mn Fe, , O,
(X=0.0,0.1, 0.2, 0.3, 0.4 and 0.5) Nano particles for the direct

electronic transition between the valence band Vband and
conduction band  Cband can be  computed via
Tauc’s relation ** ,46— “7 As shown in Fig.7,8. The Eg values of
Zn,, Mn_Fe, , O, Nano-particles were calculated, which vary
between 2.256eV  and 2.830eV. However Zn,, Mn Fe, , O,
displayed significant increased absorbance in the visible region
due to incorporation of three metal oxide. The reason for the
change in the band gap energy of the NCs compared to the
individual metal oxides is likely due to the formation of new

energy states at the interfaces between the different metal .

15




This can result in a shift in the electronic structure and a change
in the band gap energy. Additionally, the presence of multiple
metal oxides in the NCs can also lead to increased electron—
hole separation and improved charge transport properties,
which can further affect the band gap energy. This result was in

10 which showed the

good agreement with the literature
possibility of using the prepared materials in some optical

application .

AC electrical conductivity:-
Frequency dependence of a.c. conductivity.
The wvariation of electrical conductivity (o6,.) of the

Zn,. Mn_ Fe, , 0, (x= 0.0, 0.1, 0.2, 0.3, 0.4 and 0.5) was

performed at different temperatures with frequency was
displayed, in figure 9 shows the variation of frequency-
dependent AC conductivity of ferrites at different temperatures.
The AC conductivity of all the samples is found to increase
with increasing frequency and temperature, as has been
observed. The hopping of charge carriers also increases with
increasing frequency of the applied field, which increases
conductivity. According to Koop's phenomenological theory
, which assumes that samples act as a multilayer capacitor, the
increased AC conductivity with frequency and temperature is
caused by the interfacial polarization. According to this
hypothesis, the conductivity is caused by grain boundaries at
low frequencies, but the dispersion is caused by the conducting
grains at higher frequencies. Further, the Maxwell-Wagner two
layers model is corresponded to the phenomenological

49 50
theory ',
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samples.
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The dispersion has been observed in ac conductivity with
temperature, demonstrating that conduction is a thermally
induced process. At lower frequencies, the grain boundaries are
more active; hence the hopping frequency of electrons between
Fe’* and Fe®* ions is less. At high frequencies, ac conductivity
curves are approaching each other, indicating the existence of
various relaxation and thermally induced processes in the
sample; therefore, the conductive grains become more active by
promoting the hopping of electrons between Fe** and Fe®* ions,
increasing the hopping frequency. So, we observe the increase
in conductivity with the increase in frequency. The figure
shows an increase linearly with frequency and increases with
temperature; additionally, the frequency dispersion of cGac in
most cases has been observed. The results agree well with the
theoretical relation between ¢ and o ;
Gac= A(T) © 5D 517
where A and s are parameters dependent on temperature, ® is

the angular frequency and s is the frequency exponent.
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Fig. 10 Temperature dependence of a.c. conductivity.
Zn,, Mn Fe, , O, (X=0.0,0.1,0.2,0.3,04,0.5)
at different temperatures .
Temperature dependence of D.C. conductivity.

The DC electrical conductivity of zinc-manganese spinel ferrite was
measured at different concentrations of zinc and manganese ions as a
function of temperature. The log c4. on the inverse of temperature
(1000/T) for structures where x is between 0.0 and 0.5. As shown in
Figure 8, all samples exhibit semiconducting properties: 4. increases
with temperature due to thermally activated charge carrier transfer to
and from the Fe** and Fe** ions, consistent with the conduction
mechanisms documented in substituted zinc-manganese ferrites . °->" .

Direct current (DC) conductivity .The DC conductivity was calculated

using the relationship

6ac = L/RA **
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where L is the thickness of the sample, A is the cross-sectional
area, and R is the measured resistance . The studied compound
exhibits semiconducting behavior where charge transfer occurs
primarily via electron hopping between polyvalent ions located
at crystal sites, such as Mn**/Mn** and Fe?/Fe’*. The
probability of hopping increases with increasing temperature
due to the increased thermal energy available to the electrons,
leading to increased electrical conductivity . It was observed
that the electrical conductivity increases with increasing
temperature, indicating the semiconducting nature of the
compound. The conductivity followed the Arrhenius equation

E

— KpT
Oy =0, €XP

54

E is the activation energy ( E=Ea =E; ), KB is the Boltzmann

constant and T is the temperature

By plotting the relationship between Log o4. and 1000/T as
shown in Fig 11., straight lines were obtained. The slope
provides activation energy E, the Y- intercept reveals electrical
conductivity (0. That’s mean, confirming that the electron-

hopping mechanism is the dominant mechanism .
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Activation energy (Ea) :-

X EaEv
0 2.1865
0.1 2.1621
0.2 2.1462
0.3 2.0695
0.4 2.0853
0.5 2.2183

Table 4 Electrical activation energy (Ea) of the composite
Zn,, Mn Fe, , O,

This phenomenon is consistent with the Correlation Barrier
Hopping CBH model, in which charge carriers hop over lower
energy barriers at high frequencies.” """

Conclusion

Zn,, Mn_Fe, , O,doped with zinc (Zn’") and manganese

(Mn**) ions was successfully prepared using the gel-solution
auto-combustion method. X-ray diffraction (XRD) patterns
showed the presence of a single crystalline phase in the cubic
spinel form in all samples. Increasing the concentration of zinc
(Zn**) and manganese (Mn*") jons leads to varying in crystal

. . . D4 .
size and lattice parameter, as zinc (Zn”") ions are larger than
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manganese (Mn"") ions. The particles were well-crystalline and
agglomerated, according to FTIR and UV-Vis analysis XRD
energy analysis revealed peaks for iron (Fe), manganese (Mn),
zinc (Zn), and oxygen (O) present in all selected samples in
precise manganese-to-zinc ratios. In the spinel structure,
formed by the movement of A-site ions, oxygen ions, and B-
site ions, the nanostructures exhibit a high diffuse reflection
ratio, which increases with the addition of zinc (Zn**) ions. The
observed fluctuation in electrical conductivity can be attributed
to the significant electron transfer between iron(II) (Fez+) and
iron(Il) (Fe**) ions in determining the direction of electrical
conductivity. The production of Fe** ions at octahedral sites
leads to increased electron exchange between Fez+/Fe3+,
resulting in higher polarization and conductivity. These results
indicate that all samples, with their high zinc and manganese
content, high capacitance, and low loss, are suitable for use in
capacitors for electronic devices such as computers, memory

cards, and microwave absorbers.
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