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Abstract— The present paper reports the synthesis, characterization and photoluminescence (PL) studies of
MgO:Dy** nanoparticles. In this work, MgO:Dy** nanophosphors were prepared through solution combustion
synthesis method using magnesium nitrate as oxidizer and urea as a fuel. The as-obtained MgO:Dy** nanomaterials
were characterized by powder X-ray diffraction (XRD), energy-dispersive X-ray (EDX) analysis, Fourier
transformation infrared (FTIR) spectroscopy, scanning electron microscopy (SEM), high resolution transmission
electron microscope (HRTEM), photoluminescence (PL) spectra and afterglow curve analysis. The cubic structure of
the MgO phosphors is confirmed by XRD analysis and crystalline size calculated by Scherer’s formula using XRD data
shows the nanocrystalline nature of the phosphor. No phase change is observed with increasing concentrations of Dy**
ions. The surface morphology of the prepared phosphors is determined by SEM, which shows a sphere-like structure
and good connectivity of the grains. The confirmation of the nanocrystalline phosphors is examined by HRTEM
analysis. The photoluminescence studies revealed that the emission spectra of the prepared phosphors shows the broad
emission centered at 435 nm and 480 nm due to the transition arises from the 4f—5d defect band transition of Dy**
ions. The afterglow decay characteristics of different as synthesized MgO:Dy** nanophosphors are conceptually
described. This is the first reported that on the synthesis of nanocrystalline MgO:Dy** materials by combustion method

using urea as a fuel.
Keywords—PL, XRD, EDX, SEM, HRTEM
1. INTRODUCTION

I1-V1 semiconductor nanocrystals are recently developed
class of nanomaterials whose unique photophysical
properties are helping to create a new generation in the
field of photonics and microelectronics. Owing to small
size, nanoparticles show properties, which are
surprisingly different from those of the bulk material.
Since their properties can be engineered during synthesis
and processing steps, the metal oxide nanomaterials are of
great technological importance due to their grain size
dependant properties. There are a number of methods for
preparing nano-crystalline materials viz. Inert gas
condensation, physical vapor deposition, laser ablation,
chemical vapor deposition, sputtering, molecular beam
epitaxy etc [1-6]. In addition there are a number of
solution-chemistry routes also. Among the available
solution-chemistry routes, the combustion technique is
capable of producing the nanocrystalline powders of
metal oxides at a lower calcinations temperature in a
surprisingly short time. Generally the powder obtained by
this technique has the highest degree of phase purity
coupled with the improved powder characteristics like
narrow particle size and better sinter ability [7-8]. The
very high amount of heat generated during combustion
manifests in the form of either flame or fire and hence, the
process is termed as auto-combustion process. MgO is an
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exceptionally important material for its wide applications
in catalysis, refractory materials, paints, superconductor
products and so on. Recently, much research has been
focused on the fabrication and characterization of MgO
nanostructures due to novel properties superior to their
bulk counterparts, as well as promising utilizations in
optics, electronics and microelectronics. A lot of work has
been done to research on the synthesis of this compound
and many crystal morphologies are reported [9-15].
Recently the observations on the optical absorption
studies of nano size MgO powder indicate that the
synthesized MgO is quite suitable for adsorption and
dissociation of polar molecules, toxic waste remediation,
etc. Further it is also noted that the synthesized MgO nano
powder contains F- and M-defect centres, which are
responsible for creating energy levels within the band gap
(7.8 eV) of MgO [16-18]. K.im et al. studied the effect of
acetic acid addition to Magnesium methoxide on the
stability of the precursor and the crystallization behaviour
of sol-gel derived MgO nanosize powder [19].
Additionally, Chowdery and Kumar have synthesized
MgO with high degree of crystallinity and tubular
morphology using magnesium acetate as a precursor [20].
The aim of this work is to prepare MgO and cadmium
doped MgO nanocrystals with different molar
concentrations, study the effect of these dopants on the
structural characteristics of MgO and correlate between
the obtained structure characteristics and dielectric
properties of the cadmium doped MgO nanocrystals. In
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the present study, the synthesis and micro structural
characterization of MgO and Cd doped MgO
nanoparticles synthesized by combustion method are
discussed. Magnesium nitrate is used as an oxidizer and
glycine as fuel. The studies were carried out for two fuel-
to-oxidizer ratios (y = 1:0.9). The variations of lattice
parameters, crystalline size and band gap were studied.
Band gaps of MgO and Cd doped MgO were determined
by UV-vis absorption edge [21-22]. Important synthesis
parameters were also probed for their effects on the
nanocrystalline optical properties via photoluminescence
measurements, and dielectric studies.

Kaviyarasu et al. [23] have studied the Synthesis and
characterization studies of cadmium doped MgO
nanocrystals for optoelectronics application. He examined
the progress in adapting these nanomaterials for several
predominantly  photonics  device fabrication by
autocombustion method followed by characterization
studies. Magnesium oxide (MgO) and Cd doped
Magnesium oxide nanoparticles were characterized by X-
ray powder diffraction and the peaks are quite agreeable
with the pure phase cubic structure. The XRD pattern
confirms the crystallinity and phase purity of the pure and
doped samples. UV-vis-NIR study of the samples
indicated a blue shift in the band gap for both the pure and
doped ones. Photoluminescence measurements reveal the
systematic shift of the emission band towards the lower
wavelength  thereby  ascertaining the  quantum
confinement effect. Photoluminescence spectra of pure
MgO and Cd doped MgO were investigated, showing
emission peaks around 475 nm relating to new energy
levels induced by defects or defect levels generation. The
SEM results reveal that the resultant nanopowders are
porous and agglomerated with polycrystalline nano
entities. Field emission scanning electron microscopic
studies showed that the average size of the nanoparticles
were 20 nm and 33 nm respectively. The dielectric loss of
the pure and Cd doped MgO samples decreases with
increase in frequency. Similar trend is observed for the
dielectric constant also.

Balamurugan et al. [24] have studied that the
nanocrystalline MgO particles was prepared through
combustion method using magnesium nitrate as oxidizer
and hexamine as a fuel. The materials obtained by
combustion method were subsequently annealed at 800 °C
for 3 h to improve the crystallinity and phase purity.The
obtained MgO nanomaterials were characterized by
powder X-ray diffraction analysis (XRD), infrared (IR)
spectroscopy, photoluminescence (PL), near-infrared
(NIR) spectroscopy, and scanning electron microscopy
(SEM). The cubic crystal structure with lattice parameter,
a = 0.4210(4)nm with average crystalline size of 22 nm,
is obtained for the nano- MgO particles.The PL emission
spectrumof nanocrystalline MgOmaterials exhibits three
emission peaks at 432, 465, and 495nm which are due to
various structural defects. The SEM results expose the

fact that the MgO nanomaterials are seemingly porous
and highly agglomerated with fine particles. Owing to the
higher reflectance of prepared nanocrystalline MgO, it
can be used as NIR reflective pigments. The present
results prove that the combustion technique using
hexamine can produce the materials with high
crystallinity. To the best of our knowledge, this is the first
report on the synthesis of nanocrystalline MgO materials
by combustion method using hexamine as a fuel.

The present paper reports the synthesis, characterization
and  photoluminescence  studies of  MgO:Dy*"
nanoparticles prepared by solution combustion synthesis
method using urea as a fuel., and discusses the salient
features of PL in detail.

1.1 Experimental

The starting raw materials are magnesium nitrate
[Mg(NO,),.6H,0] urea [NH’CONH?] and dysprosium
nitrate. These raw materials were firstly weighted first
and were taken in mortar pistal and mixed it properly for
one hour. After mixing, these materials are placed in
crucible was then introduced into muffle furnace at 550°C
for 20 min as the ignition occurs the reaction occurs
vigorously for few seconds and the fluffy substance was
obtained. Based on mass ratio of the experiment the
overall reaction equation could be expressed as follows:

6[Mg(NOs),.6H,0]+6[Dy(NO;)3.6H,0]+28[NH,CONH,]
= 6MgO:Dy+43N,+28CO,

The morphologies and sizes of the MgO:Dy*
nanoparticles were determined by X-ray diffraction
(XRD) studies with Cu Ka radiation (1=1.5418A ). XRD
data were collected over the range 20-70° at room
temperature. X-ray diffraction patterns were obtained
using a Rigaku Rotating Anode (H-3R) diffractometer. In
XRD the particle size was calculated using the Debye-
Scherrer formula. The particle size was also calculated
using the scanning electron microscope (SEM) and high
resolution transmission electron microscope (HRTEM)
methods. The photoluminescence were recorded with the
help of a Shimadzu spectroflurophotometer RF 5301PC.

2. RESULT AND DISSCUSSION

2.1 Structural Analysis

2.1.1 X-Ray Diffraction (XRD) Study

The XRD patterns for the samples are shown in Fig. 1
MgO:Dy** nanocrystals for four different concentrations
(0.2, 0.4, 0.6 and 0.8 mol%) of Dysprosium, three
different peaks are obtained at 20. This shows that the
samples have cubic structure and the peaks correspond to
diffraction at (111), (200) and (220) planes, respectively.
The size of the particle has been computed from the width
of the first peak using Debye-Scherrer formula [25] given
below:
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where K is constant (K=0.9), A the wavelength of X-ray, 8
the full width at half maximum and 0 is Bragg angle. The
particle sizes obtained from XRD were in the range 28-43
nm. The Debye-Scherrer equation has a few limitations.
Table 1. Shows that the Structural parameters of MgO
nanocrystalline with different concentration of Dy**.
Moreover, the presence of defects in a significant amount
causes an additional enlargement of the diffraction line.
These problems can be overcome by measuring the
particle size by SEM and HRTEM.
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Fig. 1.  X-ray patterns of MgO nanocrystalline with

different concentration of Dy**

Table 1: Structural parameters of MgO nanocrystalline with
different concentration of Dy**

20 FWHM(B) Crystalline
(Degree) (Radian) il Size (D)
(nm)

(a) MgO:Dy** (0.2 mol%)

36.95 0.00576 111 29

42.97 0.00360 200 42

62.34 0.00576 220 35
(b) MgO:Dy*" (0.4 mol%)

36.85 0.00566 111 28

42.87 0.00350 200 41

62.45 0.00556 220 34

(c) MgO:Dy** (0.6 mol%)

36.75 0.00596 111 28

42.77 0.00350 200 43

62.32 0.00556 220 36
(d) MgO:Dy*" (0.8 mol%)

36.55 0.00566 111 30

42.56 0.00360 200 43

62.40 0.00566 220 35

2.1.2 EDX (Energy Dispersive X-Ray)

Fig.2a shows the spectrum obtained by EDX samples and
the sample spectrum 100% of Mg metal was observed in
the sample corresponding to peak shown in the Fig.2b. In
sample the inclusion of Dy*" is shown in the
corresponding peaks. From the data it is observed that the
synthesized sample contains about Mg, O and Dy with
55.71%, 44.32% and 0.87% of atomic percentage
respectively which agrees with expected value.

Fig. 2: (a,b) EDX spectra of MgO:Dy** nanocrysalline
phosphors

2.1.3 Scanning Electron Microscope (SEM)

Figure 3(a,b,c,d) shows the SEM image of MgO:Dy**
nanoparticles. The SEM image is carried out by using
Zeiss. Evo 18 Special Edition in order to analyse the
structure and morphology of doped samples. SEM was
used for the morphological study of MgO Doped with
Dy**. The instrument was accelerated at voltage of 10 Kv
and the samples were scanned at a working distance of
8.5 mm. The SEM images for the MgO doped with
dysprosium samples are shown in Fig.3(a,b,c,d).

3c. MgO:Dy* (0.6 mol%)

3d. MEO:DY (0.8 moi%)

Fig. 3: (a,b,c,d) SEM images of different nanocrystalline
MgO:Dy** phosphors.

2.1.4 High Resolution Transmission Electron
Microscope (HRTEM)

A typical HRTEM image of MgO:Dy** nanoparticles is
shown in Fig.4 and Fig.4a,b,c,d, respectively. The particle
size obtained from HRTEM image is found to be in the
range of 20 nm. Fig.5a,b,c,d, of HRTEM image clearly
shows that the particles size is spherical. The lattice
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fringes visible in the HRTEM micrograph are indicative
of the crystalline nature of the particles. The three

Fig. 4: The SAED pattern of MgO:Dy** nanocrystalline

phosphors.
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Fig. 5: (a,b,c,d) HRTEM images of different
nanocrystalline of MgO:Dy** phosphors.

diffraction rings in the EDX patterns correspond to the
(111), (200) and (220) reflections, confirming the cubic
structure in accordance with XRD results.

2.1.5 Fourier Transforms Infrared Spectra (FTIR)

Figure 6 shows FTIR Spectra of MgO:Dy*" particles are
peaks at 3448 cm™ and 2450 cm™ corresponding to the O—
H stretching mode of hydroxyl groups were present on the
surface due to moisture. Peak at 1672 cm™ was attributed
to the bending vibration of water molecule. There are also
small narrow bands at 1002 cm™ which are due to the
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Fig. 6: FTIR Spectra of MgO:Dy** nanocrystalline
phosphors.

oxygen stretching and bending frequency. In additions the
bands at 1561 cm™ and 1672 cm™ are due to C-H
stretching. The major peaks at 480 cm™, 678 cm™ which
confirmed the presence of Mg-O vibrations.

3.1 OPTICAL PROPERTIES

3.1.1 Photoluminescence Studies of MgO:Dy**
Nanocrystalline

The excitation spectra are 220, 277, and 325 nm and
emission spectra are 435, 480 nm, and 510 nm of the
different MgO:Dy*" nanophosphors are shown in Fig. 7(a)
and Fig.7(b) respectively. The broad band excitation
spectra of different MgO:Dy** nanophosphors exhibits a
very strong absorption in the band between 435 and 480
nm, accompanied by avery weak band around 510 nm and
an intense band at 435 and 480 nm attributed to the
4f—5d transitions of Dy** ions. Therefore, it is concluded
that MgO:Dy>* phosphors can be excited efficiently by
UV as well as visible light. The emission spectra of
synthesized MgO nanophosphors  with  variable
concentrations of Dy*" shows broad emission band
extending in the UV-vis region from 400 to 550 nm,
attributed to the electron transition from 5d lowest energy
level of Dy** to the *Fg, to 2F;, manifolds split by spin
orbits coupling [26]. The broadness of the emission peak
is described to emission from more than one enrgy level.
The emission peaks centered at 435 nm and 480 nm (blue
region) and 510 nm (green region) are attributes to
radiative recombination of photogenerated hole with
electron occupying the surface defects. The energy levels
of these defects centers exist in the forbidden energy gap
of MgO nanophosphors. During the intial illumination,
Dy** as the dopant ion allows more enrgy to be stored,
prolonging (0.4 mol% of Dy** ion) the emission intensity
of MgO nanophosphors. With further increases in the
Dy** ion concentration (to 0.6 mol%), the intensity
decreases. This quenching between two identical centers
of two Dy** ions is explained by the resonant energy
transfer model [26]. Figure 7(b) shows that the percentage
variation in PL intensity with increasing Dy*" dopant
concentration.
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—+—NMgO: Dy~ (0.4 mol%)
—a—MgO: Dy (0.6 mol%)
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Fig. 7: (a) PL excitation spectra of different nanocrystalline

MgO:Dy** phosphors
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Fig. 7: (b) PL emission spectra of different nanocrystalline
MgO:Dy** phosphors

4. AFTERGLOW DECAY CHARACTERISTICS

Following irradiation by UV light (A = 220 nm, 275 nm
and 325 nm) for 5 min at room temperature, the afterglow
decay measurement was carried out for different
MgO:Dy*" (0.2, 0.4, 0.6 and 0.8 mol%) nanophosphors,
as shown in Fig. 8(a). The presence of Dy** ions is
responsible for the generation of appropriate traps needed
for the afterglow decay behavior. The initial luminescence
intensity and decay times are functions of the Dy**
concentration, such that the nanophosphor with 0.4 mol%
of Dy** has the highest initial intensity and longest decay
time (110 ns); furthermore, the decay time decreased at
concentrations beyond 0.6 mol% of Dy**. The decay
curves are fitted using the first-order exponential decay
function, as shown in Fig. 8(b):

I=A exp (_Tt) @)

Where 1 is the intensity at any time t, A is a constant and t
is the rapid decay lifetime for the exponential component.
The fitted decay parameters are listed in Table 3. The
rapid decay lifetime may be attributed to the shallow
trapping states requiring low energy to de-trap the trapped
electrons from these states, accompanied by fast decay of
the luminescence intensity.
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Fig. 8: (a) Afterglow decay curve of different nanocrystalline

MgO:Dy3+ phosphors after exposure to UV light (A=220,
277,315 nm) for 5 min
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Fig. 8: (b) The first order exponentially fitted curves of
different nanocrystalline MgO:Dy3+ phosphors using Origin
Pro 8.5 software.

5. CONCLUSIONS

The MgO nanophosphors doped with varying
concentrations of Dy** ions have been successfully
synthesized by solid state combustion method. The
structural characterization in terms of XRD, SEM,
HRTEM, SAED and EDX validate the nano size of
prepared samples. The average crystallite size for
different MgO: Dy®" was estimated to be 28-43 nm. The
PL emission peaks at 435 and 480 nm (blue region) and
510 nm (green region) are assigned respectively to the
Tyy (5d)—2Fsy (*f), 2F;, (4f) transitions of the Dy**
ions. At 0.4 mol% concentration of Dy ions, the PL
intensity is found to be maximum and, further increase in
Ce3+ concentration quenches the PL emission intensity
due to resonant energy transfer. the relative PL intensity
was very low due to creation of more and more defects
which behaved like quenching centers as a result of
decrease in crystallite size. The decay lifetime was found
to be maximum (89 ns) for Dy*" (0.4%) naophosphors
respectively. The intense emission upon UV-light
excitation suggests that MgO: Dy** nanophosphor can be
used as a potential blue-emitting phosphor for optical
devices such as white light LEDs, etc.
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