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Herein, we report the effect of synthesis temperature on the morphologies, optical and electronic
properties of magnesium oxide (MgO) nanostructures. The MgO nanostructures were synthesized
at different temperatures, i.e., 100 °C, 300 °C, and 600 °C by simple chemical reaction process
and their morphology, particle size, optical, and electrical properties were examined by different
techniques such as scanning electron microscopy (SEM), X-ray diffraction (XRD), Fourier transform
infrared (FTIR) spectroscopy and UV-Vis. spectroscopy. The morphological investigations revealed
that various morphologies of MgO nanostructures, i.e., nanoparticles, nanosheet networks, and
nanoneedles were synthesized at 100 °C, 300 °C, and 600 °C. The XRD results confirmed that with
increasing the synthesis temperature, the crystallinity of the synthesized nanostructures increases.
Further, the dielectric properties and AC conductivity at various frequencies for MgO nanostructures
were studied which revealed that the dielectric losses decrease with increase in frequency and
temperature. In addition, the observed band gap decreases from 4.89 eV to 4.438 eV (100 °C to

600 °C) representing its increase in the conductivity.
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1. INTRODUCTION

Magnesium oxide (MgO) is one the most fascinating
and promising materials with remarkable electronic, opti-
cal, magnetic, thermodynamic, mechanical and electric
properties in the metal oxide family [1-3]. Because of
its unique structural characteristics, MgO possess vari-
ous unique characteristics such as non-toxic insulation,
wide band gap, simple stoichiometry, low dielectric con-
stant (9 x 1073), low thermal conductivity (42 Wm™'K™!
at 275 K), high ionic properties, biocompatibility, low
refractive index (1.74), simple crystal structure and so
on [4-8]. Due to its biocompatibility, MgO is also used
for various bio-applications such as antibacterial and
anticancer agents, biosensors, reactive oxygen species
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(ROS), bone regeneration and so forth [9-13]. The inter-
esting properties of MgO enabled it to be efficiently
used for variety of high-technological applications, to
name a few, adsorption, electronics, reflecting and anti-
reflecting coatings, fire retardants, ceramics, catalysis,
petrochemicals, chemical and toxic waste management,
detection and remediation, light emitting diodes (LEDs),
solar cells, laser diodes and many more [14-21]. There-
fore, because of remarkable properties and wide appli-
cations, various MgO nanomaterials such as nanowires,
nanobelts, nanotubes, fishbone shaped structures, nano-
crystals, nanoparticles, nanofibers, nanoflakes, nano and
microspheres, grass-like, and so on were synthesized by
several techniques and reported in the literature [22-29].
Karthik et al. demonstrated the synthesis of MgO nano-
structures by microwave assisted hydrothermal method and
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examined their utilization for environmental remediation,
antibacterial and anticancer applications [9]. Mesoporous
MgO nanostructures were synthesized by the surfactant
template process for enhanced adsorption and antimicro-
bial activity and reported in the literature [10]. Darvishi
et al. reported the sonochemical synthesis of MgO nano-
structures and used it for decolorization of synthetic textile
wastewater [24]. Applying sol-gel combustion synthesis
using different fuels, Nassar et al. demonstrated the syn-
thesis of MgO nanostructures for their efficient application
as nano-adsorbent for the removal of reactive red 195 and
orange G [26]. Using an interfacial reaction in a solid-
stabilized emulsion method, MgO nano and microspheres
were synthesized and reported in the literature [29].

In this paper, we report the facile synthesis of MgO
nanostructures by a simple chemical reaction process
based on different synthesis temperatures. The synthesized
MgO nanostructures were systematically characterized in
terms of their morphological, structural, optical and elec-
trical properties.

2. EXPERIMENTAL DETAILS

2.1. Synthesis of MgO Nanostructures

For the synthesis of MgO nanostructures, all the materials
were analytical grade and used as received without any
purification. To synthesize the MgO nanomaterials, mag-
nesium acetate (Mg(CH;COQ),, Sigma-Aldrich), sodium
hydroxide anhydrous pellets (NaOH, Sigma-Aldrich) and
polyvinyl alcohol (PVA, Sigma-Aldrich) were used. De-
ionized (DI) water was used as a solvent to synthesize
all nanomaterials. In a typical reaction process, an aque-
ous solution of NaOH (0.5 M, 50 mL) was added drop-
wise into the aqueous solution of Mg(CH,COO) (0.1 M,
50 mL) under constant stirring. Consequently, 0.1 M PVA
solution was added in the resultant solution and stirred the
solution for 1 hr. The pH = 9.0 was maintained for the
solution. The obtained reaction mixture was subjected to
refluxing for 6 hrs at different reaction temperatures, i.e.,
100 °C, 300 °C, and 600 °C. The obtained precipitate was
decanted and washed with DI water and ethanol sequen-
tially, and dried at 90 °C for 2 hrs. Finally, all the synthe-
sized materials were calcined to 700 °C for 4 hrs which
resulted in the formation of pure MgO nanostructures.

2.2. Characterizations of MgO Nanostructures

The phase purity of synthesized MgO nanostructures were
characterized by X-ray diffraction (XRD; Philips X pert
Pro diffractometer) measured with Cu-Kea radiation (A =
1.5406 A) in 26 range of 10-80°. The morphologies of the
synthesized materials were examined by scanning electron
microscopy (SEM, Carl Zeiss MA15/EVO 18) while the
chemical composition was studied by Fourier transform
infrared (FTIR; Perkin Elmer) spectroscopy. The optical
properties were characterized by UV-Visible spectroscopy
(UV-vis Schimadzu 1800 spectrophotometer) in the range
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of 200-700 nm at room temperature. The dielectric prop-
erties of the synthesized nanostructures were examined
in the frequency range of 50 Hz—5 MHz by LCR meter
(HIOKI 3532-50 LCR HITESTER).

3. RESULTS AND DISCUSSION

3.1. Structural, Morphological and Compositional
Properties of MgO Nanostructures
Figure 1 exhibits the typical XRD patterns of MgO
nanostructures synthesized at different temperatures, i.e.,
100 °C, 300 °C, and 600 °C. It is interesting to note that
all the observed diffraction peaks are well-matched with
the characteristic peaks of pure cubic phase MgO [29].
The observed diffraction patterns correspond to the crystal
planes of MgO (111), (200), (220) and (311), respectively.
The observed diffraction patterns are well matched with
the reported literature and JCPDS card no. 4-829 [28].
Except for MgO, no other diffraction peaks are observed in
the pattern which confirmed that the synthesized materials
are pure MgO without any significant impurity. In addi-
tion, all the peaks are sharp and strong which revealed the
well-crystallinity of the synthesized MgO nanostructures.
The crystallite size of the prepared MgO nanostructures
were examined by Debye-Scherrer’s equation as men-
tioned below:

D =0.9A/Bcosb

Where D is the crystallite size, A is the wavelength
of the X-ray beam, 8 is the FWHM-full width at half
maximum of the most intense peak and 26 is the Bragg
diffraction angle of the most intense peak. The calculated
crystallite size of the synthesized MgO nanostructures at
100 °C, 300 °C, 600 °C were 9, 11 and 15 nm, respectively.
The observed XRD results revealed that the grain sizes
of the synthesized MgO nanostructures were increased
with increasing the synthesis temperature, most probably
because of the agglomeration process induced from ther-
mal annealing due to electrostatic forces.

Figure 1. Typical XRD pattern of synthesized MgO nanostructures at
different temperatures; (a) 100 °C (b) 300 °C and (c) 600 °C.

J. Nanosci. Nanotechnol. 20, 1-7, 2020



Sagadevan et al.

Effect of Synthesis Temperature on the Morphologies, Optical and Electrical Properties of MgO Nanostructures

Figure 2. Typical SEM images of synthesized MgO nanostructures at
different temperatures; (a and b) 100 °C (c and d) 300 °C and (e and f)
600 °C.

The general morphologies of the synthesized MgO
nanostructures were examined by scanning electron
microscopy (SEM). Figure 2 exhibits the typical SEM
images of the synthesized MgO nanostructures synthesized
at different temperatures, i.e., 100 °C, 300 °C and 600 °C.
Figures 2(a) and (b) exhibit the typical SEM images of the
MgO material synthesized at 100 °C which revealed the
high-density growth of spherical shaped particles. The syn-
thesized particles are in nano-dimension thus termed as,
“nanoparticles.” The nanoparticles are grown in very high
density thus much agglomeration is seen in the observed
micrographs. The typical sizes of the synthesized nanopar-
ticles are in the range of 100430 nm.

Interestingly, when the synthesis temperature was
increased to 300 °C, the morphologies of the synthe-
sized MgO material was changed to sheet-like structures
(Figs. 2(c and d)). These sheets like morphologies are
grown in high density and arranged in a specific flower-
shaped structures. Due to high-density growth, the grown
sheets are intermingled in each other and form the inter-
connects in the flower-shaped structures. The typical thick-
ness of the nanosheets are 120+ 30 nm while the size
of the full flower-shaped structure was in the range of
8—10 wm. Interestingly, upon increasing the synthesis
reaction temperature to 600 °C, MgO nanoneedles were
formed which are grown in high density (Figs. 2(e and f)).
The synthesized nanoneedles exhibited sharp tips with
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wider bases. The typical sizes of the nanoneedles at their
tips are 2545 nm and lengths are 500 =50 nm.

The chemical compositions of the synthesized MgO
nanostructures were characterized by FTIR spectroscopy.
Figure 3 exhibits the typical FTIR spectra recorded in
the range of 500 cm™' to 4000 cm~'. The observed
FTIR spectra show various well-defined peaks appeared
at 3443 cm™!', 3158 cm™', 1643 cm™!, 1409 cm™',
1118 cm™", 870 cm™', 613 cm™! and 517 cm™~'. The broad
peaks appeared at 1643 cm™! and 3158-3443 cm™! were
related to the bending and stretching frequencies of the
hydroxyl group, respectively [30]. The peak appeared at
613 cm™! correspond to the Mg—O [31, 32]. The peaks
at 517 cm™! and 870 cm™! revealed the existence of
stretching and bending vibration modes of Mg—O bond,
respectively [32].

3.2. Optical Properties of MgO Nanostructures
The optical properties of the synthesized MgO nano-
structures were examined by UV-Visible spectroscopy.
Figure 4 exhibits the typical UV-Visible spectra of syn-
thesized MgO nanostructures in the wavelength range
between 200700 nm. The UV absorption edge shows a
single peak appeared at around ~255, ~265 and ~280 nm
for the MgO nanostructures synthesized at 100 °C, 300 °C,
and 600 °C, respectively. The broad peak appeared at
280 nm in the MgO nanoneedles synthesized at 600 °C
shows that the UV absorption edge possesses quan-
tum confinement [33]. It was observed that at first, the
absorbance decreases sharply with the increase in wave-
length, near the edge of the band indicating the sample
possess nanostructure [34], thereafter the absorption coef-
ficient value was constant indicating the size uniformity of
the MgO nanostructures.

The band gap for the synthesized MgO nanostructures
was estimated using the Tauc plot. Figure 5 shows the plot
of (ahv)? versus hv for the MgO nanostructures. From the

Figure 3. Typical FTIR spectra of synthesized MgO nanostructures at
different temperatures; (a) 100 °C (b) 300 °C and (c) 600 °C.
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Figure 4. Typical UV-visible spectra of synthesized MgO nano-
structures at different temperatures; 100 °C, 300 °C, and 600 °C.

plot, the band gap values of the MgO nanostructures were
calculated to be 4.89 eV, 4.84 eV, 4.43 eV for the samples
synthesized at 100 °C, 300 °C, and 600 °C, respectively.
With increasing synthesis temperature, the band gap values
of MgO NS decrease gradually. In addition, with increas-
ing synthesis temperature, the decrease in band gap should
be associated with increased grain size, decreased carrier
concentration, tensile stress and oxygen vacancies lead-
ing to decreased carrier concentration in the conductive
band [35]. Annealing process, on the other hand, improves
crystallinity, increases the average grain size and decreases
defects [35].

3.3. Electrical Properties of MgO Nanostructures
The dielectric constant was measured as a function of the
frequency at room temperatures for MgO nanostructures

Figure 5. The calculated band gaps of the synthesized MgO nano-
structures at different temperatures; 100 °C, 300 °C, and 600 °C.
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synthesized at different temperatures, i.e., 100 °C, 300 °C
and 600 °C (Fig. 6). The corresponding dielectric losses
are depicted in Figures 6(A) and (B) which shows a plot of
dielectric constant versus applied frequency. It is observed
in Figure 6(A) that with increasing frequency, the dielec-
tric constant decreases exponentially and attains a constant
value in the high-frequency region [36]. This refers to
decreasing polarization of the space charge in relation to
total polarization. The ionic polarization slightly interacts
with the field of frequency variation associated with elec-
tronic polarization; this is because of an ion’s mass is supe-
rior to the electron. The electrons react even to the high
frequencies in the field of vibrations [37]. The dielectric
constant increases with the synthesized MgO nanoneedles
synthesized at 600 °C, which carries numbers due to the
increase in the charge. The improvement in low-frequency
dielectric constant is a function of orientation and interfa-
cial polarization and is due to the presence of defects [38].
This is because, at lower frequencies, the strong interfa-
cial polarization caused the accumulation of charge car-
rier boundaries of MgO nanostructures in respect to the
field applied as it allows the charge carrier to have enough
time to be collected at the conductive boundary as well
as to enhance the dielectric constant value [39]. As the
frequency increases, the polarization starts to decrease
and drops to a constant value due to relaxation [40].
Figure 6(B) shows the dielectric loss as a function of
the frequency for MgO nanostructures synthesized at dif-
ferent temperatures. It is found that the dielectric loss
decreases with increase in frequency and temperature,
which can be accounted for due to a decrease in the con-
tribution of space charge polarization with frequency [41].
High energy loss is observed in the low-frequency region,
which may be due to low-frequency dielectric polariza-
tion, space-charge and electron movement in rotational
fashion [42].

Figure 6(C) shows the variation of A.C electrical
conductivity as a function of frequency for MgO nano-
structures. As seen in the figure, with the increase in fre-
quency, the A.C electrical conductivity is increased, this
is due to the polarization of the space charge. We noticed
miserable semi-circles for MgO nanostructures as shown
in Figure 6(D). Complex impedance diagrams reflecting
the variation of the imaginary part a function of the real
part show that the experimental points are located on circle
arcs that do not pass through the origin and are centered
below the real axis. This semi-circular curve asymmetry
indicates a deviation from the ideal Debye type behav-
ior and can be explained by non-Debye relaxation behav-
ior [43]. This means that in the frequency range applied,
MgO follows non-Debye relaxation behavior. The primary
causes of non-ideal behavior are the nature of grain size
distribution, defects, inhomogeneity and grain boundary
effect in the material [44].

J. Nanosci. Nanotechnol. 20, 1-7, 2020
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Figure 6. (A) Dielectric constant (B) dielectric loss (C) AC conductivity of MgO NS for variation with different frequencies (D) impedance spectrum

of MgO NS.

4. CONCLUSION

In summary, temperature-dependent synthesis of MgO
nanostructures was done by facile chemical reaction pro-
cess. Several MgO nanostructures, such as nanoparti-
cles, nanosheets composed in flower-shaped structures and
nanoneedles were synthesized at various synthesis tem-
peratures, i.e., 100 °C, 300 °C, and 600 °C, respectively.
The calculated grain sizes for the MgO nanostructures at
100 °C, 300 °C and 600 °C were 9, 11, 15 nm, respectively.
It was observed that the absorbance decreases sharply
with an increase in wavelength near the band edge indi-
cating the formation of the nanostructure. The calculated
band gaps were 4.89 eV, 4.84 eV and 4.43 eV for the
MgO nanostructures synthesized at 100 °C, 300 °C and
600 °C, respectively. The observed electrical properties
show that the dielectric constant and dielectric loss of the
MgO nanostructures decreases as the frequency increases.
Moreover, the A.C electrical conductivity increases with
the increase of frequency. The impedance analysis of MgO
nanostructures confirmed relaxation in the non-Debye type
relaxation in the applied frequency range.
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