Nanomedicine & Nanotechnology Open Access

MEDWIN PUBLISHERS ISSN: 2574-187X

Committed to Create Value for Researchers

Effects of Erbium Incorporation on Structural, Magnetic, and
Dielectric Properties of Magnesium Oxide Nanoparticles

Jayasrinivasan AV', Baskaran I'*, Sathyaseelan B?*, Senthilnathan K3,

Manikandan E* and Sambasivam S° Research Article

. . i Volume 9 Issue 4
Department of Physics, Arignar Anna Govt Arts College, India
. . . . . . Received Date: October 02, 2024
“Department of Physics, University College of Engineering, India
Published Date: November 18, 2024

DOI: 10.23880/nnoa-16000328

®Department of Physics, VIT University, India

“*Centre for Nano Sciences & Technology, Pondicherry University, India
National Water and Energy Center, United Arab Emirates University, UAE

*Corresponding author: Balaraman Sathyaseelan, Department of Physics, University College of Engineering, India, Email:

bsseelan.tvu@gmail.com

#Equally Contributed Towards this Article

Abstract

The Erbium doped magnesium oxide nanoparticles (Er-MgO NPs) have been synthesized in the form of crystalline powder using
the chemical precipitation method and the structure was confirmed by Photoluminescence (PL), Fourier transforms infrared
spectrophotometer (FT-IR), Powder X-ray diffraction (PXRD), Scanning electron microscope (SEM) coupled with Energy
Dispersive X-ray Spectroscopy (EDX). Furthermore, dielectric properties and antibacterial activity were tested. The stretching
frequency in the FT-IR spectrum confirms the metal-oxygen bond Er-MgO-NPs. The SEM image reveals spherical-shaped
particles with agglomeration. The EDX spectrum confirms the elemental composition (Er and O) present in the synthesized
sample. The Vibrating Sample Magnetometer (VSM) graph shows that the doped MgO nanoparticles exhibit paramagnetic

behaviors at room temperature. The frequency dependence of dielectric constant, dielectric lossand ac conductivity were

studied over a range of the frequency 42Hz to 5SMHz at room temperature.

Keywords: Erbium Trioxide Nanoparticles; Characterization; VSM Study; Dielectric Property

Abbreviations:

SEM: Scanning Electron Microscope; EDX: Energy Dispersive
X-Ray Spectroscopy; VSM: Vibrating Sample Magnetometer;
PXRD: Powder X-Ray Diffraction.

Introduction

Rare-earth doped materials have attracted the most
interest in developing photonic systems for various

Effects of Erbium Incorporation on Structural, Magnetic, and Dielectric Properties of Magnesium

Oxide Nanoparticles

applications about their superior optical properties. In the
search of photonic materials research, erbium oxide is one of
the mostpart potential materialsamongthelanthanide group.
Erbium consists of trivalent electrons, which are recognized to
be advantageous for fiber amplifier applications. These days,
particular attention is paid to exploring the optical behavior
of the Er3+ ions due to their emission at 1.53 pum, which is
best for applications in the field of optical data transmission
[1]. Biological applications of rare earth nano-sized metal
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particles are deficient when they are prepared or fabricated
by solid-state synthesis. For this reason, the wet chemical
method has been followed by researchers. Synthesis of rare
earth nano-sized metal particles permits the formation of
smaller and uniform, and irregular particles As aresult of less
application in the medicinal field. In the chemical synthesis
of rare earth nano-sized metal particles, a suitable amount of
precursors has been used to obtain nano-sized particles with
homogeneous distributions. The precursor releases anions
during decomposition that are responsible for the reduction
of rare earth nano-sized metal particles. Erbium is one of the
important representative elements among lanthanides, and
it has been exploited for biological applications [2]. Erbium
has been less explored than cerium as a dopant for the
improved heterogeneous photocatalysis exhibited by other
metal oxides. Er3+ is recognized as an attractive activator
for solid-state lasers in the visible to infrared range owing
to its kind of abundant energy level structure. In particular,
the 4113/2—4115/2 transition emits at 1.54 pm located in
the low-loss optical window for optical fiber communication
[3]. Rare-earth metal oxides have become a precious source
in material science because of their growing applications
in the fields of catalysis, adsorption, and energy storage
due to their distinctive properties such as semiconductor,
paramagnetic, thermal stability, and fluorescent [4]. Among
the lanthanide elements, erbium oxide (Er203) is considered
a very interesting material in chemical and physical studies.
Is a highly efficient catalyst for super capacitors, sensors,
biosensors, and photo-degradation owing to their potential
features and unique properties including semi conductivity,
specific heat capacity, and less toxicity. Though large
number of investigations has been reported on both bulk
and nanocrystalline MgO and its analogues and some of
the properties are well established. However these studies
are far from complete and this versatile compound remain
spicy in the material science community. To the best of our
knowledge a comparative study on the effect of low level
doping by trivalent ion for Mg in MgO on the structural,
optical and photoluminescence are rare in the literature.
To overcome such problems, many researchers have
tried doping with rare earth elements (Er) into the MgO
lattice by adjusting the structure, size, band-gap energy, or
morphology to improve the catalytic performance and some
other properties. It is significant to know that the addition
of rare earth elements into oxides such as MgO is one of
the beneficial strategies that has a hugely positive effect on
the application of photocatalytic activity owing to its 4f-5d
and 4f-4f electron transition configuration [5]. Rare-earth
elements into MgO can trap a photo-induced electron which
leads to minimizing the recombination of the electron-hole
pairs, enhancing the absorption level, producing few defects,
thereby decreasing the band-gap energy and reducing the
mean crystalline size. Among all rare earth, erbium (Er) in
particular has received much attention as a dopant, owing
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to its peculiar chemical and physical properties, emissions
in the visible region and infrared, suitable infra-f transition
and an overlap with the conduction band resulting in the
decrease of the band-gap value of host material [6].

It remains a decent challenge to find the efficient
elemental dopant for MgO to attain the best optical
and photoluminescence properties. Motivated from the
interesting investigations on the MgO based materials,
we are reporting a systematic comparative study on the
influence of nominal doping by trivalent (Er3+) ions for
the divalent Mg2+ in MgO on the structural, optical and
Photoluminescence properties. Considering the importance
of Erbium, this manuscript is aimed at preparing Erbium-
doped MgO NPs and studying their physical properties and
biological applications [7,8]. It is popularly known for its
physical and chemical properties such as optical, chemical,
thermal, electronic, and magnetic properties [9].

Materials and Methods
Reagents

Magnesium nitrate hexahydrate(Mg(NO,),.6H,0)), Erbium
(III) nitrate hydrate (Er(NO,).H,0)), urea (CO(NH2)2), and
sodium hydroxide (NaOH) were purchased from Merck
Ltd, Mumbai, India. Distilled water was used to prepare the
solutions.

Synthesis of Erbium Doped-Magnesium Oxide
Nanoparticles

The Er-doped MgO nanoparticles were synthesized
using the chemical precipitation method. In distilled water,
1 g of magnesium nitrate hexahydrate, 1.0 g of erbium (III)
nitrate hydrate, and 2.0 g of urea (CO(NH,),) were dissolved.
The solution was stirred for 30 min on a magnetic stirrer to
get the precipitate. Then, after the formation of a precipitate,
the prepared solution was placed in a furnace. It was boiled,
and the water contents were totally dehydrated and then
decomposed with the evolution of large volumes of gases.
The sample burned without a flame with a sharp sound, and
all the water molecules in it were expelled completely by
dehydration. The total process in a micro-oven is a sudden
process that occurs in less than 5 minutes. The sample was
taken from the beaker and ground until well powdered and
stored in a container for further studies.

Characterization Techniques

The synthesized NPs of Er doped MgO were characterized
by using XRD, FTIR, UV Visible and LCR meter. The crystal
structure of the sample was inspected using powder XRD
using a BrukerD8-Advance X-ray diffractometer with Cu Ka
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radiation in the 20 range 20° to 80°. FTIR analysis of the
samples was done by Perkin Elmer spectrophotometer in the
range 400-4000 cm™. UV Visible measurement of the samples
was performed with a Perkin Elmer Spectrophotometer
(Lambda 45) in the range of 200-700 nm. The frequency
dependence of the dielectric behavior was studied by a
parallel plate capacitor connected to a precision LCR meter
(Agilent 4285 A).

Results and Discussions
XRD Pattern Analysis

Er-doped MgO NPs were synthesized using equimolar
concentrations of magnesium nitrate hexahydrate. The XRD
pattern of Er,0,-MgO is shown in Figure 1. The XRD pattern
shows five diffraction peaks at 26 values 20.65, 29.61, 34.12,
43.49, 49.16, 53.82, 58.12, and 79.37%, which were assigned
to the reflection of (211), (222), (400), (431), (433), (511),
(631), and (662) planes of Er203 [10,11]. The noticed
diffraction peaks are in good agreement with the cubic phase
structure of Er203 (JCPDS No: 01-077-0459). A diffraction
peak was observed at 20 = 26.65° (002) in the XRD pattern
of Er203, which well coincided with the XRD pattern of
literature data. It reveals the successful integration form of
Er203 [12]. Figure 1, clearly exhibits the peaks at angles of
18.57, 36.96, 38.02, 42.98, 62.36, 74.71, and 78.66° which
correspond to (1 1 1), (00 2), (20 2), (11 3), and (222)
planes (JCPDS No. 87-0653), which reveals the formation of
the polycrystalline cubic structure of MgONPs. XRD pattern
shows a high intense (0 0 2) orientation peak revealing the
high crystallinity of the synthesized material. The mean
crystallite size is calculated using (0 0 2) reflection and found
to be 25 nm. The XRD pattern shows the cubic structure, and
the crystallite size is found to be 20 nm [13].

Figure 1: XRD Pattern of Er-Doped MgO Nanoparticles.
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FTIR Spectrum Analysis

The FTIR spectrum of MgO nanoparticles prepared
using the combustion process is shown in Figure 2. It shows
the stretching vibration mode ~680, 787, and 1103 cm-1
indicating Mg-O-Mg bonds. The fingerprint region of Erbium
shows the absorption bands at 567, 473, and 430 cm-1 with
groups Er-0-Er and Er-O, respectively [14]. The absorption
in the range 1200- 4000 cm-1 is due to the surface activity
of the erbium oxide. The distinct band is observed in the
wave numbers ~1388 and 1628 cm-1, denoting the bending
vibration of the surface hydroxyl group. Broadband is
observed at 3421 cm~-1 due to the O-H stretching vibration
of water molecules [15-17].

Figure 2: FTIR Spectrum of Er-Doped MgO Nanoparticles.

Optical Study

The optical properties of the pure and Er-doped samples
were studied using UV-Vis diffuse reflectance spectroscopy.
As shown in Figure 2, the Er-doped MgO exhibited absorption
peaks ranging from 400 to 1100 nm in contrast to MgO. These
adsorption peaks in the visible range were located at 451,
489,522,654, and 796 nm corresponding to transitions from
the Er-ion ground state 4115/2 to the higher energy levels
4F5/2, 4F7/2, 2H11/2, 4F9/2, and 4G9/2, respectively,
32 which might be associated with the up conversion. In
addition, the absorption peak in the near-infrared (NIR)
region (978 nm) could be related to the 4111/2 transition.
In other words, Er-MgO sample could significantly convert
low-energy light into higher-energy light, such as red, green,
and ultraviolet light.

The optical properties of the pure and Er-doped samples

were studied using UV-Vis diffuse reflectance spectroscopy.
As shown in Figure 3, the Er-doped MgO exhibited absorption
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peaks ranging from 400 to 1100 nm in contrast to MgO. The
transmittance of the Er-doped MgO was found to be gradually
increased as shown in Figure 4 [18-20].

Figure 3: Absorbance Spectrum of Er-Doped MgO
Nanoparticles.

Figure 4: Transmittance Spectrum of Er-Doped MgO
Nanoparticles.

SEM-EDAX

In order to understand the morphology, microstructure,
geometry and estimation of the average nanocrystallite size
of the Er doped MgO and also rules out presence of hidden
impurity in the synthesized samples SEM measurements
were conducted. Moreover, Figure 5 (a-d) displays the SEM
image of Er doped MgO nanoparticles shows a wrinkled
surface and folded like morphology. A good electrostatic-
attractive interaction between Er doped MgO nanoparticles
are possibly stabilizing them in the composite form. It can
be reason that the active surface area and oxygen moieties
of MgO possess attraction to the Er,+ ions nanoparticles.
The EDX spectrum of Er,0, Figure 6 depicts signals for the
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oxygen, and europium with weight percentage of 77.37,
15.34 and 7.30, respectively. The EDX elemental mapping
of the composite reveals the homogeneous distribution
of C (blue), O (red), and Er (green), which conforming the
nanoparticles.

Figure 5: SEM Images of Er-Doped MgO Nanoparticles.

Photoluminescence Spectroscopy

Actually, the optical and electronic characteristics of any
nanoparticles are closely related to each other in terms of
emission spectra and the quantized energy states, because
the discrete emission wavelength of any quantum system is
identified in response to the quantized energy states of that
system. For understanding, the behaviour of discrete energy
states and corresponding emission wavelength, the PL
technique or photoluminescence spectroscopy is a powerful
tool, because it is nonintrusive and nondestructive. In context
of the present work, the electronic and optical properties of
the prepared nanoparticles are in fact intimately related.
This means that the prepared nanoparticles can exhibit
the quantized energy states that are identified by discrete
emission wavelength; hence, by using this technique the
band structure of pure materials and the effect of nanofillers
in the nanoparticles can be studied. Further, by measuring
the luminescence spectrum, obviously PL spectrum, it is
possible to detect the material imperfections and impurities.
For the Er doped MgO nanoparticles, the PL spectra were
recorded by using Spectro-Fluorescence (PerkinElmer, LS-
45). The recoded PL spectra for Er doped MgO nanoparticles
are shown in Figure 7. PL spectrum at room temperature was
executed to find out the optical properties of Er-MgO NPs.
PL spectrum Figure 7 of Er-MgO NPs confirms the emission
of UV radiation at 341 (3.10eV), and the excitation band
found in the red region of light at 648 nm (1.61eV). This
may be due to the oxygen vacancies in Er-MgO NPs causing
the broader peak at a larger wavelength in the PL spectrum.
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Consequently, PL spectrum Figure 6 confirms the existence
of defects in the sample containing Er-MgO NPs.

Figure 6: EDX Spectrum of Er-Doped MgO Nanoparticles.

Figure 7: PL Spectrum of Er-Doped MgO Nanoparticles.

Dielectric Properties

Dielectric properties play a significant role in
determining energy storage capacity and molecular mobility
in Er-MgO NPs nanocomposite. Dielectric parameters of
the Er-MgONPs were tested as a function of frequency and
temperature using an LCR meter. The sample was pelletized
using a hydraulic press and placed between the electrodes.
The dielectric constant (er) was calculated using the relation

ar=Cdf (1)

and theac conductivity was calculated by the relation,
cac=¢g0crotan(A)......(2)

where C represents the capacitance, d reveals the
thickness, A represents the area of the cross-section of the
pellet, and tan(A) is the dielectric relaxation of the sample.
It is noticed that the dielectric constant decreases with
increasing frequency as shown in Figure 6 [14-16]. From
Figure 6, the dielectric constant increases at low frequency
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with temperature. It is understood that at low frequencies,
ionic, electronic, and interfacial polarizations contribute to
the dielectric constant. The dielectric loss €” refers to energy
loss in a material and can be calculated using the following
equation.

g"=¢g'tano......... (3)

where tand is the tangent loss. The dielectric property
of nanocompositeis the result of different polarization
mechanisms adopted by the nanoparticles under an
alternating electric field [21, 22].

Figure 8: The Frequency Dependence of the Dielectric
Constant of Nanoparticles.

Figure 9: The Frequency Dependence of the Dielectric
Loss of Nanoparticles.

Figures 8 & 9 show the variation in the dielectric
constant and dielectric loss for (Er-MgO NPs) as a function of
frequency. The values of the dielectric parameter (er and €")
increase at lower frequencies. It may be due to the dipoles
having enough time to direct themselves in the direction of
the applied electric field in this region and also due to the
electronic polarization effect. The dielectric constant and
dielectric loss decrease as the frequency increases. This may
be due to the space charge polarization which decreases as
the frequency increases. In the direction of the electric field,
more ions do not propagate as a consequence of the charge
carriers being less participated in the dielectric property
[23].

Temperature Dependence of the Dielectric Properties:
Figures 10 & 11 shows the variation of the dielectric constant
and dielectric loss factor as a function of temperature.
In Figure 10, it can be seen that the g _increases with an
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increase in temperature and increases more rapidly at high
temperatures. This behavior is characteristic of the polar
dielectrics in which the orientation of dipoles is facilitated by
increasing the temperature and hence the dielectric constant
is increased. The increase of e with temperature is usually
associated with a decrease in bond energies [24]. That
is, as the temperature increase two effects on the dipolar
polarization may occur. First, it weakens the intermolecular
forces and hence enhances the orientation vibration. Second,
it increases the thermal agitation and hence strongly
disturbs the orientation vibrations. As the temperature is
increased the electronic and ionic polarizability sources start
to increase. This may be because as the frequency increases,
the polarizability contribution from ionic and orientation
sources decreases and finally disappears due to the inertia
of the ions.

Figure 10: Temperature Dependence of the Dielectric
Constant of Nanoparticles.

Figure 11: Temperature Dependence of the Dielectric Loss
of Nanoparticles.

It is noticed that the dielectric loss increase with the
increase in temperature (Figure 11) may be ascribed to the
fact that, at low temperatures, the relaxation loss is the main
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contributor, and the present system may be greater than
the conduction loss. When the temperature increases, the
relaxation loss reduces, and therefore the conduction loss
increases more quickly. The dielectric loss factor increases
with temperature at low frequency.

Figure 12: M-H Plot of Er-Doped MgO Nanoparticles.

VSM - Analysis

Figure 12 shows the mathematical properties of Er-
doped MgO nanoparticles at room temperature from
magnetic field (M-H) hysteresis loops in the range of
-20000 Oe to +20000 Oe. The magnetic properties of the
materials depend on crystallinity, size of the particle, shape,
and magnetic direction [25]. Also, Kumar et al reported
the magnetic moments were depending on the size of the
nanoparticles that are close to the concentration of Mg
Vacancies [26-28]. The Er-doped MgO nanoparticles show
a clear paramagnetic at room temperature. But the bulk
MgO is a diamagnetic insulator [29-32]. The Er-doped MgO
nanoparticles possessed the 2.8754E* emu/g of retentivity
and 2.5753 Oe of coercivity which proved the paramagnetic
nature of the prepared sample.

Conclusion

Er-MgO NPs with an average size of ~25 nm were
successfully synthesized and characterized by various
spectral techniques. The XRD spectrum confirmed the
crystalline phase of Er-MgO NPs. SEM images with different
magnifications confirmed the existence of Er-MgO NPs. The
PL spectrum at 648 nm proved the formation of Er-MgO NPs.
The dielectric constant and dielectric loss factor of Er-MgO
NPs decreased with an increase in frequency but increase
as temperature increased. As frequency decreases dielectric
constant increases with temperature due to electrode
polarization which causes space charge accumulation at the
glass electrode interface. However, temperature increases
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are attributed to an increase in ion migration rate. At room
temperature the dielectric constant and dielectric loss
exhibits the normal dielectric behavior and both show a
declining tendency with increasing frequency, whereas the
ac conductivity shows a growing tendency with an increase
infrequency. The dielectric constant increases, while
dielectric loss decreases with Er doping. An increase in the
ac conductivity is observed with Er doping in MgO.
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