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Abstract

The current work reports the synthesis of magnesium aluminate spinel (MgAl,O,) using
wet-chemical sol-gel technique at two different sintering temperatures of 900 °C and
1100 °C. The crystal structure of MgAl,O, at both sintering temperatures was confirmed
by X-ray diffraction. The obtained results showed the successful formation of MgAl,O,
along with some impurity peaks of magnesium oxide. Here, the crystallite size shows the
linear nature with sintering temperature. The field emission scanning electron microscope
(FESEM) shows the spherical shape. The change in morphology with sintering tempera-
ture is also confirmed by FESEM. Optical and electronic responses were studied by Fluo-
rescence (FL) and electrochemical impedance spectroscopy (EIS). The FL study reveals
that the prepared nanopowder tends to emit white light under the excitation wavelength of
350 nm. The intensity of emission peaks has been found to increase with sintering tem-
perature, indicating an increase in defect states. Furthermore, using EIS data, the electrical
parameters were studied in pellet form in the frequency range of 1 to 10® Hz. The Nyquist
plots have been successfully explained by employing LR[Q[R(CR)]] equivalent circuit cor-
responding to grain, grain boundary, and electrode contribution. The examined parameters
have been significantly influenced by the sintering temperature. An increase in temperature
is observed to result in higher values for the dielectric constant, loss tangent, and conduc-
tivity. Additionally, the electric modulus spectra reveal non-Debye behavior in the samples.
The obtained results reveal that the prepared nanopowder can be used in optoelectronic
devices, high-frequency equipment, and high-storage media.
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1 Introduction

Spinel materials, characterized by the general formula AB,O, (where A represents a
divalent cation and B a trivalent cation), exhibit remarkable optical, electrical, and mag-
netic properties, making them valuable for various applications (Manohar et al. 2022;
Mostafa et al. 2022; Shi et al. 2020; Sun et al. 2023). Among these, magnesium alumi-
nate (MgAl,O,) stands out due to its exceptional traits, including wide bandgap energy,
insulating dielectric characteristics, high electrical resistivity, and its potential in device
applications.

In its ideal form, MgAl,O, spinel comprises 32 oxygen ions within a single unit cell.
Of these, 8 tetrahedral positions out of 64 are occupied by magnesium ions, while alu-
minum ions occupy 16 octahedral sites out of 32 (Shi et al. 2020). However, the pres-
ence of defects in the material can significantly impact its structural, optical, electrical, and
dielectric properties (Ali et al. 2021). Oxygen vacancies, for instance, play a crucial role in
determining the optical and dielectric characteristics of MgAl,O,, also enhancing its ionic
conductivity (Rébola et al. 2013).

To explain the electrical properties of spinels, an analysis of complex impedance spec-
troscopy is vital. This technique involves the measurement of both real and imaginary parts
of impedance across a range of frequencies. It serves as a vital tool for understanding the
underlying conducting mechanisms and electrical properties by discriminating the con-
tributions of grain, grain boundary, and grain electron effects (Jameel et al. 2023a, b, c;
Panda and Behera 2014).

Previous studies have examined the impact of doping with elements such as Li, Ti,
and Eu’* on MgAl,O, spinels, revealing significant improvements in properties such as
quality factor (Qy), mechanical strength, and luminescent responses. Notably, these stud-
ies have highlighted MgAl,O, potential in applications ranging from enhanced microwave
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dielectric properties to the production of artificial red light in red LEDs (Li et al. 2023; Jian
and Wen 2020; Rao et al. 2023).

In this context, this study investigates the synthesis of MgAl,O, using the wet chemical
sol-gel method at different sintering temperatures. Surprisingly, to the best of our knowl-
edge, there is a lack of studies regarding the influence of 900 °C and 1100 °C sintering
temperature on the optical and dielectric properties of MgAl,O,. This paper, therefore,
aims to bridge this gap by exploring how sintering temperature impacts the material on
its structural, optical, and dielectric properties, thereby identifying potential application
areas for this versatile material. The study employs various analytical techniques, including
XRD, FTIR (Fourier-transform Infrared), and FESEM, to assess structural impacts. Optical
properties are examined through FL, while EIS is utilized for dielectric studies.

2 Materials and methods

A wet chemical sol-gel method was adopted to prepare magnesium aluminate spinel
(MgAl,O,) using magnesium nitrate [Mg(NO;),-6H,0] with 98% purity, aluminum nitrate
[AI(NO;);-9H,0] with 98% purity, ammonia solution [NH,OH] with 25% AR quality, cit-
ric acid (C¢HgO,H,0) with purity of 98% all sourced from LOBA company as precursors.
The magnesium nitrate and aluminum nitrate were weighed accordingly and dissolved in
100 ml of distilled water each for 30 min in two separate beakers on a stirrer. After 30 min,
these solutions were mixed in one beaker maintaining the heating temperature at 80 °C to
make a homogenous clear solution. After 3 h, citric acid was mixed into the solution (by
weighting the metal-to-citric ratio as 1:1) which acts as a chelating agent. Next drop wise
ammonia was added to the solution to keep the pH7. This solution was stirred and heated
until it became viscous and a xerogel was formed. This gel was dried on a hot plate and
then in a hot air oven to obtain the material in powder form. Finally, the prepared powder
was sintered at 900 °C and 1100 °C in a muffle furnace for further studies. The preparation
method is represented systematic diagram as shown in Fig. 1.

3 Structural Studies
3.1 XRD

Figure 2 shows the XRD pattern of MgAl,O, nanoparticles sintered at 900 °C and 1100 °C
for 4 h. The XRD peaks show the cubic spinel-type structure of pure MgAl,O, with dif-
fraction peaks at 31.2°, 36.8°, 44.7°, 55.7°, 59.4°, and 65.2° (Joint Committee on Powder
Diffraction Standards (JCPDS) file 00-021-1152) having space group Fd3m and two dif-
fraction peaks of MgO phase were also observed. The stoichiometric ratio of the formed
spinel is 1:2 with an impurity phase of MgO. The presence of the MgO phase indicates that
there was an excess of magnesium in the starting composition. The intensity of diffraction
peaks increases with sintering temperature which indicates the increase in the crystalline
nature of the material. As the peak intensity increases, full-width half maxima decrease
which increases in crystallite size. The crystallite size (D) is calculated using (Kaur and
Rani 2023):
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The lattice constant (a) was calculated using the following equation

Vi2 + 2+ k2
v+t R 2)

A
a==
2 sinf

A is wavelength, hkl are corresponding Miller indices, and 0 is diffraction angle. All the
values are tabulated in Table 1. The X-ray density (p), bulk density (p,), and porosity (V)
of the material are also calculated using the following equations (Ahmed et al. 2022; Zay-
ani et al. 2021):

m 8M Py
= 5> = —, v = 1 —
Po= T P T N < p> ®)

where m is the mass; h is the thickness of the pellet; M is molar mass; N is Avogadro’s
number; V is the volume of the unit cell (a3) (Jameel et al. 20234, b, c; Saleem et al. 2022a,
b, ¢). The calculated value of X-ray density increases by increasing the sintering temper-
ature. On the other hand, the value of bulk density is smaller than X-ray density which
indicates the existence of pores in the sample. The value of porosity (V) decreases with
the increase in sintering temperature, shown in Figs. 2 and 3, due to the effect of impurity
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Fig.2 XRD analysis of MgAlL,O,

Table 1 Structural parameters for o N
P i 900 °C 1100 °C

MgAlLO, at different sintering arameters

temperatures Peak Intensity (degree) 30.77 164.59
Crystallite size (D, nm) 22.19 49.42
Lattice constant (a, A) 8.07 8.06
X-ray density (py gom”) 3.57 3.57
Bulk density (p,,, g,cm3) 0.15 0.22
Porosity (V) 0.89 0.84

or intrinsic defects in the material (Thibaudeau and Gervais 2002; Jagadeeshwaran et al.
2018).

3.2 Fourier transform infrared (FTIR)

The FTIR spectra presented depicted in Fig. 4 within the wavenumber range of
400-4000 cm™! provide valuable insights into the structural formation and coordination
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Fig.4 FTIR analysis of MgAl,O,
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states of Al and Mg cations during the synthesis of nanocrystalline spinel phase MgAl,O,.
The analysis of the spectra at different temperatures reveals significant information about
the chemical bonds. At 900 °C, a distinct peak at 1381 cm™' signifies N-O (nitrates) vibra-
tions, which diminish as the temperature increases. Alongside, peaks at 681 cm™' and
500 cm™! emerge, indicating the formation of MgAI204 spinel. During 900 °C, some
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impurity peaks are apparent; however, these impurities diminish as the temperature rises.
At higher temperatures, i.e., at 1100 °C only metal- oxygen—metal peaks of Mg—O-Al
bonds appeared which successfully confirms the formation of MgAl,O, spinel.

Across varying temperatures (900 °C and 1100 °C), the consistent observation of
metal-oxygen—metal bonds within the 500-800 cm™' range affirms the structural stabil-
ity of MgAl,O, spinel. The vibrational bands in this spectral region clarify the spinel-type
structure, clarifying lattice vibrations originating from tetrahedral and octahedral coordi-
nated metal ions (Rao et al. 2023). Vibrations in the 500-800 cm™! range correspond to the
vibrational Al-O bonds of the octahedral site and the network vibrations of Mg—O bonds
inherent in normal spinel (Barik et al. 2011; Hinklin and Laine 2008).

The complete confirmation of MgAl,O, spinel formation is improved by the com-
bined analysis of XRD and FTIR spectra. The XRD data supplements the insights derived
from FTIR by providing information on crystalline phases and their relative abundance.
This dual analytical approach strengthens the confidence in the successful synthesis of
nanocrystalline MgAl,O, spinel, offering a detailed understanding of its structural evolu-
tion under 900 °C, and 1100 °C sintering temperature.

3.3 FESEM

The surface characteristics of synthesized nanoparticles were investigated using FESEM
analysis, as illustrated in Fig. 5a, b for MgAl,0, at 900 °C and 1100 °C. The FESEM
images reveal the formation of a spherical shape also mentioned in the literature (Rao et al.
2023). It is observed that at 900 °C crystalline nature starts developing in the material. The
grains are irregular in shape and with the increase of temperature, the shape of the crystal-
lites was smooth and rounded, forming irregular structures. The grain size is analyzed in
our prior work (Kaur and Rani 2023) which is 62 nm at 900 °C and 133 nm at 1100 °C.
At lower temperature nucleation process decreases which prevent grain growth and causes
agglomeration (Jameel et al. 2021a). As temperature rises, crystallites undergo sintering,
leading to the formation of larger grains. Notably, increasing sintering temperature is asso-
ciated with a decrease in porosity. Hence, when the temperature was increased from 900 up
to 1100 °C, the rate of the nucleation process increased because of the existence of charges

{
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Fig.5 SEM images of MgAl,O, at (a) 900 °C (b) 1100 °C Refer to (Kaur and Rani 2023)
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Fig.6 Displays the fluorescence emission spectra of MgAl,O,

Table 2 Defects centers

. . Dominating Emission ~ Defects responsible for emission wavelength
responsible for emission

wavelengths (nm)

wavelength
460 Charge transfer between Al**and 0>~
490 Trapping of the hole at Mg ion vacancy
525 Oxygen vacancy
540 F-centers
560 F*
610 Oxygen vacancy
680 F,'*

at the surface of the grains, and then agglomeration decreases due to a reduction in the
number of cores and crystallinity also increases (Saleem et al. 2022c).

4 Luminescence studies
4.1 Fluorescence spectra

Figure 6 displays the fluorescence emission spectra of prepared samples of MgAl,O, at
900 °C and 1100 °C. The fluorescence spectra were taken with an excitation wavelength
of 350 nm. The emission spectra of MgAl,O, at both temperatures are obtained in the vis-
ible region showing broad emission. The broad emission profile indicates that the com-
pound reported in Table 2 has several emitting components that are responsible for broad
emission profiles. In the graph, it is analyzed that the emission near 460 nm is caused by
a charge transfer transition between the AI** ion and the O, ions. The peak at 490 nm is
due to an electron-to-hole transition trapped at the Mg ion vacancy. Oxygen vacancies are
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the cause of the peak at 525 nm (Arun Kumar et al. 2021). Peaks at 540 nm are caused
by F-centers. The octahedral AI** ion, which has two F' centers, is surrounded by F, **
centers, and a peak at 610 nm is a result of oxygen vacancies brought on by the presence
of MgAl antisites (Pathak et al. 2018). The existence of F, '* defect centers may be the
cause of the peaks at 680 nm (Pathak et al. 2016). These multicolor emissions show the
presence of multiple defect states inside the bandgap, each of which is caused by a differ-
ent electronic transition. The intensity and integral area of this peak have been found to
increase with sintering temperature, indicating an increase in defect states. This increase in
the amount of defects also affects the conductivity of the material, which will be discussed
in the next section.

5 Impedance analyses

Electrochemical Impedance Spectroscopy (EIS) is an effective experimental technique
that examines a material’s impedance properties using a small-amplitude alternating cur-
rent (AC) signal. This method provides an impedance spectrum for the electrochemical
substance being tested by measuring a system’s impedance over a range of frequencies
(Lazanas and Prodromidis 2023). By using this method the conductivity measurements of
the prepared nanocrystalline MgAl,O, were analyzed. The powder was pressed in a KBr
hydraulic press in the frequency range from 1 MHz to 1 Hz at 900 °C and 1100 °C. The
measured impedance data were analyzed using ‘Origin’ and ‘ZSimpWin’ software.

Figure 7 shows the Nyquist plot (real Z’ vs imaginary —Z") of nanocrystalline MgAl,O,
powder. The observed impedance spectra of the MgAl,O, pellet show a semicircle in the
measured frequency range. It is noticed that semicircles at both temperatures are slightly
depressed instead of having centers on the real axis. This is a possibility due to the pres-
ence of grain orientation (Rg), grain boundary (Rgb), and electrode effect (R)). It should
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Fig.7 Complex Impedance plot
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Fig. 8 Equivalent Circuit

Table; Simulated data of the Parameters AL 900 °C At 1100 °C
electrical parameters
Start End Start End

Inductance (uH) 1.00 471 1.O0E™® 3.06E~7
Resistance, Rg (MQ) 036 0.0l 2.98E° 8.10E~
CPE(uF) 1.00  197E~3  1.00 3.93E73
Freq power, n 0.80  0.61 0.80 0.7352
Resistance [MQ] [Rgb]  0.36  1.71 2.98 B3 9.745 B’
Capacitance [uF] 1.00 0.52 1.00 0.31
Resistance,Rel(MQ) 036 431E3 2098 9.74 B3

be noted that the absence of three separate semicircular arcs is because the grain, grain
boundary, and electrode contributions are not far away (Hona et al. 2022; Mohan et al.
2016). Furthermore, the intercept of semicircles on the real axis (x-axis) shifts towards the
higher frequency side with an increase in sintering temperatures. This indicates a negative
temperature coefficient of resistance behavior of the material, like semiconductors (Mohan
et al. 2016). It is noted that there is a decrease in curvature radius. This decrease in curva-
ture radius can be attributed to the presence of non-Debye type behavior in the material
(Joshi et al. 2017).

Furthermore, to analyze the effect of Rg, Rgb, and R, the observed impedance spectra
of MgAl,O, were fitted using ZSimp software and calculated its resistance and electrical
behavior in the form of an equivalent electrical circuit. The best-fit equivalent circuit with
typical fitting is depicted in Fig. 8 and Table 3, respectively. As shown in the table, the
value of grain boundary resistance (Ryy,) is significantly higher than other resistance values
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(R, and R,)). As can be seen, the value of resistance resulting from grain boundaries (R,,)
increases by raising the sintering temperature from 900 to 1100 °C. These results are also
well matched with FE-SEM data that as the sintering temperature increases, the crystal-
lites sinter together and form larger grains with well-defined boundaries which contribute
to the grain boundary resistance. Apart from resistance, for both models, a constant phase
element (Q) is also included. The constant phase element is generally applied for the non-
ideal capacitive behavior demonstrated by an imperfect semicircle. The nonideal behavior
is caused by surface roughness, leakage capacitance, and non-uniform distribution (Hona
et al. 2022). The impedance of a constant phase element is given by

20) = —— @

Cliw)"

where o is the frequency and n is the frequency dispersion parameter related to the fractal
dimension of the structure.

5.1 Real and imaginary impedance

The real and imaginary impedance of samples at 900 °C and 1100 °C is shown in Fig. 9.
The real part of impedance represents the resistance to the flow of electrical current in the
material. The imaginary part of impedance represents the reactance in the material. As
seen, these real and imaginary impedance parts depend on the applied frequency.

As seen in real impedance, at the low-frequency region, the magnitude of the imped-
ance (Z’) is typically high. This means that the material resists the flow of electrical cur-
rent at lower frequencies. As the frequency of the applied signal increases, the real part
of the impedance decreases. The observed decreases in real impedance as the field fre-
quency increases indicate that the material becomes more conductive (Costa et al. 2011;
Joshi et al. 2017). This improved conductivity can be attributed to the relaxation of charge
carriers. The insert graph shows the variation of Z’* with frequency at 900 °C and 1100 °C
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Fig.9 Real part of impedance (insert for the imaginary part of impedance)
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temperatures. The spectra of Z’’ are characterized by the appearance of peaks that shift
towards higher frequencies with increasing temperature. Such behavior indicates the exist-
ence of a relaxation phenomenon in the prepared material. The relaxation time (t) is calcu-
lated using the following relation:

1
= 2xf,

max

&)
where f_, represents the relaxation frequency. The shifting of the peak towards a higher
frequency region indicates that the value of T decreases with the rise in temperature, which
suggests that the material is thermally activated.

The real and imaginary components of impedance (Z) decrease with an increase in tem-
perature in the low-frequency region. This implies that as the temperature increases the
value of resistance and reactance decreases and hence the conductivity of the type mate-
rial gets improved at higher temperatures i.e. at 1100 °C. On the other, the value of real
and imaginary components of impedance (Z) seems to merge in the high-frequency region.
This means that at very high frequencies, the material behaves similarly, irrespective of
temperature conditions.

5.2 A.C. conductivity (o,.)

Figure 10 shows the plot between o, . v/s log o at two different temperatures. The a.c.
conductivity of the sample was determined from the loss tangent by using the following
relation (Joshi et al. 2017):
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Fig. 10 Shows the plot between o, . v/s log ®
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R/
A 722+ 7117

Ouc. 6)
where A is the cross-section area of the pellets, t is the thickness of pellet, Z’ and Z’’ are
real and imaginary parts of impedance, respectively.

It is clear from Fig. 10 that by increasing the temperature, a.c. conductivity increases in
the MgAl,O, sample. The reason for the increase in the a.c. conductivity of the sample is
based on grain and grain boundary resistance inside a material. Moreover the presence of
hopping mechanism of bound charges, in which, free charges hop back and forth between
the well-defined bound states and hence, a.c. conductivity increases at higher frequencies.

According to Allah and Fayek (2000), in the spinel structure nanocrystalline MgAl,O,
sample, the presence of A13p ions in octahedral sites and Mg2p ions in tetrahedral sites
is responsible for electric conduction due to the transfer of electrons between A13p and
Mg2p ions through hopping conduction mechanism. These charge carriers are not com-
pletely free but are strongly localized or displaced due to the effect of temperature. The
transfer of charge carriers between the adjacent Mg2p occurs via O? ions present in the sys-
tem. The hopping of electrons between adjacent sites results in the local displacement of
charges in the direction of the applied frequency. The local displacement of charge carriers
increases with temperature and hence, conductivity increases with temperature. Another
reason for the increase in alternating current (AC) conductivity, as the applied frequency
increases, might be due to a reduction of porosity.

In Fig. 11, an Arrhenius plot was employed to depict the temperature-dependent electri-
cal conductivity data across the range of 313-423 K. The derived activation energy (E,),
determined from the slope of the Arrhenius plot, is recorded as 0.23 eV. This activation
energy serves as a quantification of the energy barrier that charge carriers must surmount
to traverse the material. The observed electrical conduction mechanism is attributed to the
transfer of electrons between Al** and Mg?* ions, characterized by a hopping conduction
mechanism. Hopping conduction, established in materials where charge carriers navigate
between localized states.

. B, =0.23eV

-8.5 4

=9.0 1 &

Log (o,.)
/]

-9.5

-10.0 1

-10.5 T T T T T T T T T
24 25 26 27 28 29 30 31 32 33

1000/T

Fig. 11 Arrhenius plot at the temperature range of 313 to 423 K
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The high goodness of fit value, specified as 0.9940, attests to the excellence of the
Arrhenius model in describing the experimental data throughout the investigated tempera-
ture spectrum. This model fit underscores the robustness of the chosen model.

5.3 Dielectric permittivity and dielectric loss tangent

The complex dielectric function can be written as

"

. P
e =¢ —1ie

(N

where ¢’ and ¢’ denotes the real and imaginary part of dielectric constant. The real and
imaginary components of the complex impedance are associated with dielectric permittiv-
ity and dielectric loss, respectively. This determines that the real part of complex dielectric
illustrates the storage of energy, while imaginary part demonstrates the energy dissipation.
In this study, the dielectric permittivity (¢’) and dielectric loss (¢’”) along with dielectric
loss tangent (tand) is calculated using the expression (Justin and Rao 2010; Sharma et al.
2022):

, t z" 1 t z' £l
6= o ¥

= — € = —— —————— tan
wAgy 7% + 712 wAey 71 + 7'1?

where ¢ is the permittivity of free space. Figure 12 shows the plot of dielectric permittiv-
ity (¢’) with applied frequency for the nanocrystalline MgAl,O, sample. It is noted from
Fig. 12 that with the increase in applied frequency dielectric permittivity (¢’) decreases.
In the low-frequency region, the ions do not flow which results in the pilings of charges.
The periodic reversal of the applied field happens rapidly at high frequencies. As a result,
there is no longer a piling of charges at the interface, and as a result, the dielectric constant
decreases with frequency (Jamal et al. 2011).

400
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| @
300 - %%
1 o
250 e
= .,
200 - - '..
150 - -'- ..‘.
I.- .....
100 ...... oooo.. oo*°
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2 3 4 5 6 7
Log ®

Fig. 12 Plot of dielectric permittivity (¢’) with applied frequency
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The dielectric characteristics in spinel can be interpreted according to Koop’s and
Maxwell-Wagner’s theory which states that the dielectric structure is mainly composed
of highly conducting grains and rarely conducting grain boundaries, which are respon-
sible for degree of polarization (Ali et al. 2021; Jameel et al. 2021a, b). When subjected
to an externally applied field, charge carriers readily track the alternation in the elec-
tric field, accumulating at the interface on grain boundaries and resulting in interfa-
cial polarization at lower frequencies. Conversely, at higher frequencies, charge carriers
struggle to keep pace with the external electric field’s changes due to which interfacial
polarization inhibits resulting in a reduced dielectric constant with frequency. As men-
tioned in FESEM at higher temperature (1100 °C) defined grains are formed with more
grain boundaries when compared to lower temperature. This leads to the conclusion
that material has high value of dielectric constant at higher temperature. In addition,
the charges in the MgAl,O, sample may have been thermally activated as the tempera-
ture increased, which results in the continuous increase in dielectric constant (g¢’) with
temperature.

Figure 13 shows the variation of dielectric loss tangent (8) with applied frequency
for the nanocrystalline MgAl,O, sample. From Fig. 13, it can be seen that the dielec-
tric loss tangent decreases with the increase of applied frequency. As the temperature
increases, the loss tangent increases, which may be due to the thermal activation and
accumulation of charge carriers (Jamal et al. 2011). Another reason for the high value of
dielectric loss might be due to defects. Imperfections in the material increase at higher
temperatures and consequently the value of tand increases (Mohan et al. 2016).
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Fig. 13 Variation of dielectric loss tangent (5) with frequency
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5.4 Complex modulus

Complex modulus (M) spectroscopy is an important technique to study the electrical phe-
nomena in dielectric material (Joshi et al. 2017). Complex modulus spectroscopy is advan-
tageous to distinguish between electrode polarization and conduction due to grain bound-
ary. The electric modulus is expressed as

e/ "o_ el
er +en?’

* _ gl _
M =MI—iM" M= = iion )
where M’ and M’ are the real and imaginary parts of complex modulus. The graph
between M’ and M’ is shown in Fig. 14 at 900 °C and 1100 °C. The Fig. 14 shows two
semicircle arcs. The semicircle at lower frequency represents the effect of grain and at
higher frequency is due to the effect of grain boundaries. The relation of semicircle arc
with grain, and grain boundaries, is described in the impedance (Z) section.

The insert graph real (M’) part of complex modulus with respect to frequency. At low-
frequency regions the value of M’ is low and with frequency real modulus (M’) increases
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and starts to disperse. This type of behavior is due to the reason that at lower frequency
region electrode polarization is active. Furthermore the magnitude of M’ decreases with
increasing temperature, which may be attributed to a temperature dependent relaxation
process. Figure 14 shows the variation of imaginary modulus (M’’) with frequency. As
the sintering temperature increases the relaxation peak (M’ ..) shifts towards higher fre-
quency due to correlated motions of mobile ions. The frequency regions below M*° .-
determines the range in which charge carrier are mobile on long distance and above M™’ .
the charge carriers are confined to potential well and remain mobile for shorter distance
(Lazanas and Mamas 2023; Sahu and Agrawal 2023).

Figure 15 shows the variation of Z’” and M’ w.r.t frequency at 1100 °C. It is seen that
both the peaks 72’ and M’ do not overlap with each other indicating the non-Debye relaxa-
tion behavior. This type of behavior indicates that the sample contains components of both
from long range conductivity to short range relaxation.

6 Conclusion

Magnesium aluminate spinel was synthesized by sol-gel route. XRD studies confirm the
FCC cubic spinel-type structure of MgAl,O, and had crystallite size found to be 22 nm and
49 nm. As the sintering temperature increases, the intensity of diffraction peaks increases
indicating the increase in the crystalline nature of the material. The FESEM studies the
change in morphology with sintering temperature. The fluorescence spectra show an emis-
sion peak at 695 nm which is due to the presence of F,'* defect centers. The intensity of
this emission peak increases from 900 to 1100 °C. Dielectric studies are carried out in a
frequency range of 1-10° Hz. The AC conductivity of the material is found to increase
with frequency due to the hopping of charges, and grain effect and might be due to a reduc-
tion in porosity. The radii of a semicircle of Nyquist plot decreases as sintering temperature
rises from 900 to 1100 °C which in turn results in an increasing conductivity of material.
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Fig. 15 Shows the variation of Z’’ and M’ w.r.t frequency
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The Nyquist plot (Cole—Cole) shows the single semicircle providing the LR[Q[R(CR)]]
equivalent circuit which corresponds to grain, grain boundary, and electrode contribu-
tion. The absence of three separate semicircular arcs is because the bulk, grain boundary,
and electrode contributions are not far away. Among the two different temperatures, i.e. at
900 °C and 1100 °C, the optimal sintering temperature is found to be at 1100 °C due to
the reason that crystalline nature, FL emission intensity, and AC conductivity increase at
this temperature. Furthermore, to improve/enhance these properties suitable dopants can be
incorporated. The optical and dielectric properties suggest the probable usage of these nan-
opowders in optoelectric devices, red-light emitting diodes, high-frequency applications,
and storage media.
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