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Abstract

We hereby report the synthesis of Mg osMn,, (sO nanostructures using auto-combustion method. Effect of incorporation of
different transition metal dopants (cobalt, nickel and copper) on structural, optical, morphological and dielectric properties
of pristine Mg ysMn,, 15O is investigated. X-ray diffraction plots confirm the cubic crystal structure of these samples. The
crystallite size is found to be 78.2, 67.02, 78.11 and 64 nm for pure, Co, Cu and Ni doped MgMnO, respectively. Raman
analysis clearly envisages the purity of the presently synthesized samples. Optical transmission spectrum shows that samples
are highly transparent in the UV—Visible region. In addition, the FTIR results established the presence of magnesium oxide
in all samples. Dielectric characterization depicts a reasonable decrease in the dielectric constant &' as function of improving

frequency, which in turn confirms its dispersive nature.

1 Introduction

Tailoring of oxide material properties has been an interest-
ing theme for material scientists to enhance the magnifi-
cent properties for technologically important applications.
For the same, doping is a promising pathway and helps to
meet the demands based on different electronic, optical and
chemical applications of these materials [1, 2]. MgO is an
important material with multiple applications like electron-
ics, catalysis and optics, etc. [3]. Due to these interesting
properties of magnesium oxide in bulk as well as in nano
form, it has achieved a lot of attention from the research-
ers worldwide. In magnesium oxide, the presence of small
impurity concentrations greatly affects its surface reactivity.
Inconsistent distribution of dopant ions that exists at surfaces
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and interfaces, consequently changes surface energy of the
host compound and structure sensitive properties of the
material [4]. These oxide materials can be prepared by dif-
ferent synthesis methods such as solution combustion [5],
co-precipitation [6], sol—gel [7], hydrothermal [8], solvother-
mal [9], microwave assisted Sol-gel [10], green synthesis
[11]. Various transition metal dopants such as Cr [12], Fe
[13] and Ni [14] have been reported so far in MgO resulting
in change of some basic properties like the magnetic ones.
Such doping of MgO changes its nature from diamagnetic
to paramagnetic. Here we synthesize pristine Mg, ¢,Mn o4O
and transition metal doped samples of Mg, o,Mn,, 5, TM,, ;5O
(TM =Co, Ni, Cu) via sol-gel auto-combustion process. We
approach this method as it allows easy doping of transition
metals and is cost effective in nature. The prime idea behind
this work is to study the effect of various transition metal
dopants on the structural, optical, morphological and dielec-
tric properties of MgO nanoparticles. Since, the enhance-
ment of the desired properties has been achieved so far in the
present investigations. Therefore, the detailed arguments are
put forward in the Sect. 3. The corresponding characteriza-
tion of synthesized samples has been achieved using X-ray
diffraction (XRD; Bruker D8 Advance), UV-VIS—NIR spec-
trometer (Perkin Elmer lambda-950), FTIR spectrometer
(Bruker Vertex-70), SEM (JEOL JSM 5600) and dielectric
spectrometer.
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2 Experimental details

All the chemicals were used as such without any further
purification. Pure Mg, ¢sMn, ;sO was synthesized using
sol—gel auto-combustion method. Four different samples A,
B, C and D were prepared containing pristine Mg o,Mnj 5O
and transition metal doped samples of Mg, o,Mn,, 5, TM,, ;5O
(TM =Co, Ni, Cu), respectively. The source materials
selected for the synthesis were hydrated metal nitrates.
Accordingly the metal nitrates were dissolved in 100 ml
distilled water in appropriate molar ratios. After complete
dissolution, citric acid was added to these solutions. Citric
acid acted as a chelating agent and helps the reaction to pro-
ceed. Certain amount of ammonia was added drop-wise to
maintain the pH of corresponding reaction mediums. All the
four solutions were then allowed to stir on a magnetic stirrer
for 6 h and at 80 °C. Auto-combustion of the corresponding
gels resulted in black product formation. These burnt black
powders were grinded for 3 h and vacuum annealed for 4 h
at 600 °C. The samples thus synthesized were studied for
structural, optical, morphological and dielectric properties.

3 Results and discussion
3.1 Structural properties

The structural and morphological investigations based on
XRD results and SEM micrographs are discussed along with
Raman spectrum. Figure 1a shows the XRD spectrum of
synthesized samples. The XRD patterns of dried as-prepared
and classified samples were obtained using an X-ray dif-
fractometer with Cu Ka radiation (0.154 nm wavelength).
The peak positions appearing at 20 values of 37.02°, 42.95°,
62.31°, 74.69°, and 78.56° can be readily indexed as (111),

(200), (220), (311), and (222) crystal planes of the MgO,
respectively. The main peaks are comparable to that of the
standard powder diffraction spectrum of MgO (JCPDS card
no. 78-0429) and those reported in the literature for cubic
MgO having space group Fm-3m [15]. Absence of any other
peaks depicts the purity of the samples. The lattice param-
eter obtained from indexing is found to be almost constant
(0.42 nm) for all the transition element doped samples. All
samples have preferred orientation along (200) plane. The
crystallite size is calculated for the main peak (200) using
the Scherrer’s formula [16]:

D= 091
cos @

where, A is the X-ray wavelength used,  is the full width of
the diffraction line at half its maximum intensity, and 0 is the
Bragg angle. The crystallite size was found to be 78.2, 67.02,
78.11 and 64 nm for pure, Co, Cu and Ni doped MgMnO,
respectively.

Figure 1b represents the room temperature Raman spectra
of Mg 9sMn;, 5; TM 0,0 (TM = Co, Ni and Cu) metal oxide
nano particles within the range of 50 to 800 cm™'. Raman
analysis is carried out to check the purity of samples synthe-
sized, as it takes into consideration the vibrational modes.
The spectrum represents four optical phonon modes at ~381,
440, 474, 613 cm™!. The peak values obtained at about 440
and at 613 cm™! are assigned to low and high frequency E,
mode of MgMnO lattice respectively, at 381 cm™! A, trans-
verse optical (TO) phonon mode and at 474 cm™! longitudi-
nal optical (LO) phonon of A; mode [17]. On the other hand,
the peak at 381 cm™' is attributed to E, TO phonon mode
of MgMnO sub-lattices. However, only one mode of vibra-
tion is observed in Ni doped Mg, 9sMn,, (;Ni 1,O. Modes of
vibration in Mg 9sMng ¢sC0 5O and Mgy gsMng 45Cuy 5O
are very similar to those of parent Mg, ¢sMn jsO. The
obtained phonon modes are the indicative of high quality
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Cubic crystal structure of MgMnO nano-particles which is
in agreement with XRD results.

Figure 2 represents the SEM micrographs of correspond-
ing samples. These micrographs reveal a systematic evalua-
tion of the morphology of synthesized crystalline samples.
For all MgMnO samples, single-phase primary particles,
nearly of spherical shaped nanocrystallites were observed.
From the SEM micrograph it is clear that as synthesized

samples display the aggregation of smaller nanoparticles.
The particle size seems to increase monotonously as we go
from Co to Cu doping.

3.2 Optical properties

Figure 3a represents the transmission spectrum of

Fig.2 SEM micrograph
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Fig.3 a Transmission spectrum and b optical band gaps of Mg, osMny, 5;TM; (4O (TM =Co, Ni and Cu) metal oxide nano particles
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nano particles. All the samples show high transmittance
over the entire visible region. From the transmission spec-
trum, optical band gap was calculated using Tauc plot [18].
Optical band gaps thus calculated for samples A, B, C and
D were 3.2, 2.4, 3.1 and 2.7 eV, respectively. The decrease
in band gap (Eg) in case of transition metal doping is attrib-
uted to the s—d and p—d interactions giving rise to band gap
bowing and it has been theoretically explained using second-
order perturbation theory [19].
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Fig.4 FTIR spectrum of Mg, ysMn ,; TM,, ,,O (TM =Co, Ni and Cu)
metal oxide nano particles
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Figure 4 represents the Fourier transform infrared (FTIR)
spectrum of the synthesized sample pellets. FTIR spectros-
copy is a powerful tool for identifying types of chemical
bonds in a molecule by producing an infrared absorption
spectrum that is like a molecular fingerprint. The spectrum
clearly shows the broad band within 450-600 cm~! which
is associated with the special vibration of magnesium oxide
[20]. The band at 1436 cm™' corresponds to C—H bending
[21]. The FT-IR spectrum of Mg osMn ;;TM,, 3,0 repre-
sents the combined bands of MnO-MgO oxides.

3.3 Dielectric properties

Figure 5a illustrates the frequency dependence of the die-
lectric constant (¢') for Mg, ¢sMn 3; TM,, 34O (TM = Co, Ni
and Cu) metal oxide nanoparticles at room temperature. The
graph depicts that dielectric constant £’ decreases as function
of improving frequency from 1 Hz to 1 MHz confirming its
dispersive nature [22]. The large values of dielectric con-
stants at lower frequency (~100 Hz) are measured as 127.7,
9.32,12.73, and 19.0 for Mg osMny, o, TM, o,O (TM =Co,
Ni and Cu) metal oxide nano particles respectively. The
high values of ¢’ in case of Mg, ysMn, ;;Co, 4O might be
due to grain boundary assisted polarization process. The
dielectric constant in Mg, 9sMn, ;TM; (,O (TM =Co, Ni
and Cu) metal oxide nano particles is less than those of
Co—Zn-Fe,0, and Ni,, sZn,, sFe,0, [22]. It is observed that
the permittivity at lower frequencies decreases rapidly and at
higher frequencies this decrease is quite slow. The Co doped
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Fig.5 a Variation of dielectric constant and b dielectric losses with frequency of Mg osMn 5, TM;, (,O (TM =Co, Ni and Cu) at room tempera-

ture
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ferrites showed similar dispersive results earlier [22]. The
frequency dependent dispersive nature of €’ is an indicative
of space charge effect [23]. This decrease in dielectric con-
stant ¢’ with frequency for transition metal doped MgO nano
sized materials can be explained using the Koops theory
[22], considering the dielectric structure as an inhomogene-
ous medium of two layers of the Maxwell-Wagner type [23].

Figure 5b shows the plot representing dielectric loss (tan
8) with frequency. The decrease in tan 6 takes place when
the jumping rate of charge carriers lags behind the alternat-
ing electric field beyond a certain critical frequency. How-
ever all the transition elements doped Mg, osMny, (;TM, 4,0
shows a shoulder like behavior in the range of 10>-10* Hz.

4 Conclusion

We have adopted a very cheap and facile synthesis route
i.e. sol-gel auto-combustion method for fabricating metal
oxide nano-particles Mg, osMng 5;TM; 34O (TM = Co, Ni
and Cu). XRD patterns confirm cubic structure of samples
with crystallite sizes equal to 78.2, 67.02, 78.11 and 64 nm
for pure, Co, Cu and Ni doped MgMnO, respectively. From
the Raman analysis we got phonon modes depicting high
quality cubic crystal structure of MgMnO nano-particles.
SEM micrograph displayed the aggregation of smaller nan-
oparticles. The particle size seemed to increases monoto-
nously as we go from Co to Cu doping. Addition of transi-
tion metal doping resulted decrease in optical band gap. The
space charge effect is designated by the frequency dependent
dispersive nature of &', which can be explained using the
Koops theory for nano materials. The dielectric permittivity
decreases rapidly at lower frequencies and a slow decrease
is observed at higher frequencies.
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