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Abstract

(Ndo93Smo.07)203 nanocrystalline powders were
prepared using modified Pechini method. Powder
X-ray diffraction was used to study the structural
characterization of the synthesized sample and the
results confirmed that Sm3* doped Nd20s nanoparticles
having a nanocrystalline structure with a hexagonal
phase and P3ml space group were formed with
lattice parameters a=b=3.8348A, ¢=6.0031A. These
parameters were refined using CELREF software
and the cell parameters were refined to give
minimum R factor. The surface morphology and the
size of the particles were examined using SEM and
TEM. The surface micrographs showed small
TEM
confirmed that the synthesized particles are in

amount of agglomeration. results also
nanosize. The EDX spectroscopy confirmed the
purity of the synthesized sample. The optical
properties of the sample were studied using U-V
data analysis and photoluminescence studies. The
results of the optical studies proved that these

materials can be highly efficient in solid state lightings.

Pechini method,
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1. Introduction

In recent years, nanotechnology has attracted
major scientific interest because nanomaterials show
distinctive or improved properties due to its
nanoscale dimensions. [1] Synthesis of new materials
in the nanoscale often shows unique optical, magnetic,
electronic and structural properties, which are
different from their respective bulk. [2-5] Rare earth
elements possess unique properties and wide uses
owing to their special electronic configurations. Due
to the special electronic, optic, magnetic, catalytic
and chemical properties, arising from the
confinement of their 4f electrons, rare earth oxides

with one dimensional structure such as La20s3,
Sm203, Gd203 and Nd203 have been widely used in
many functional devices. [6,7] The change in the
electrical and optical characteristics of nanoparticles is
caused by quantum effects due to their high surface
to volume ratio, which increases the band gap. [8,9]
The rare earth oxides have been synthesized by
various methods including microwave-assisted,
hydrothermal,

combustion, co-precipitation etc. [10-15]

solvothermal, sol gel, solution

Nd203 have attracted many researchers due to its
extensive range of applications. It is a semiconductor
with wide band gap. [16] Among rare-earth ions,
the Nd3* ion is one of the most efficient rare-earth
ion for solid state lasers in various materials.
Neodymium ions could also be good candidates for
upconversion fluorescence and lasers. [17, 18] It is
also used in ceramic capacitors, colour TV tubes,
coloring glass, and catalyst for automotive industry.
[19]

In this paper, we have synthesized Sm3 doped
Nd203 nanoparticles using the modified Pechini
method. This method allows a molecular mixing of
constituents, leading to an excellent chemical
homogeneity, an increase in the reaction rate and a
decrease of the temperature of crystallization. [20]

2. Experimental
2.1. Synthesis of Sm* doped Nd20s nanoparticles

Sm3+ doped Nd:03 nanoparticles were prepared
using the modified Pechini method. At first, 2 gms
of Nd20s3 were dissolved in concentrate nitric acid
under stirring to generate Nd(NOs)s. This was mixed
with Sm(NOs)3.6H20 and dissolved in distilled
water. Then EDTA was added to this solution with a
molar ratio [EDTA]/[Metal] = 1, where [Metal] is
the concentration of Neodymium and Samarium in
the solution. In this way, a solution of metal-EDTA
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complexes was obtained. Then ethylene glycol [EG]
was added with a molar ratio [EDTAJ/[EG] = 2,
while stirring and heating the solution until a gel
was formed. Two reactions are involved in this
process: the formation of a complex between an
organic acid, EDTA, with the precursor metals, and
an esterification reaction with ethylene glycol (EG).
The aim of the polymeric organic net produced by
esterification is to reduce any segregation of the
cations. It was then heated at 200 K to obtain the
precursor powders. Finally, the precursor powders
were calcined at 750 K for 3 hours to obtain Sm3*
doped Nd203 nanopowders. [16, 20-23]

2.2, Instruments used

The powder X-ray diffraction studies have been
carried out by using Bruker AXS D 8 Advance
X-ray diffractometer equipped with monochromatic
CuKa in the 20 range of 10-120°

(A=1.5406A). The morphologies and composition of
the prepared samples were inspected on a scanning
electron microscope (SEM,VEGA 3 TESCAN, USA)
equipped with an energy- dispersive X-ray spectrum
(EDS, Bruker Nano, German). The transmission
electron microscope (TEM, JEOL JEM-2100) studies
were performed (accelerating voltage upto 200kV).
The UV-VIS absorption of the sample was recorded
on Varian Cary 5000 UV-VIS Spectrophotometer.
photoluminescence

radiation

Room temperature
measurements were performed on Jobin Yvon
FloroMax-3 spectroflourometer as the excitation

source at 230 nm.

3. Results and Discussion

Figure 1 shows the powder X-ray diffraction
pattern of the synthesized Sm3* doped Nd:0s. Using
the software Powder X the
imported. The data is smoothened using the
adaptive smooth technique. After separating the

diffractogram is

background and subtracting from the total profile,
Cu-Koz profile has been stripped out of the recorded
profile. Sample peaks have been identified and
indexing was done. On comparing these peaks with
JCPDS data, it was confirmed that these belong to

hexagonal system with lattice  parameters
a=b=3.8348A, c=6.0031A. These parameters were
refined using CELREF software and the cell
parameters were refined to give minimum R factor
(R (%) =0.031). The crystallite size was calculated
using the Scherrer equation,

092

- pPcosd
where Tis the average grain size of the crystallites,
Ais theincident wave length, B is the line
broadening at half the maximum intensity
(FWHM), 0 is the diffraction angle.[24] The

crystallite size was found to be 27 nm.
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Figure 1. Indexed XRD of (Ndo.93 Smo.07)203

nanoparticles
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The morphologies of the grown nanostructures
examined electron
(SEM). of the
nanostructures are demonstrated by SEM images as

were using a scanning

microscope The morphologies
shown in Figure 2.

The surface morphology observed in SEM
micrograph of Sm* doped Nd203 showed small
amount of agglomeration which may be due to the
strong interactions among the nanoparticles owing
to their high surface energy during calcination.
These appeared to be sponge-like structures. To get
better informations, it further needs to be characterized
by Transmission electron microscopy (TEM) to
obtain exact morphology and size of the particles.
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Figure 2. SEM image of (Ndos Smo.07)203
nanoparticles

The EDX spectroscopy was performed to know
the percentage of the elements present in the
samples and to examine the purity of the sample.
The obtained percentage of the elements is shown in
Table 1. The EDX spectrum observed is shown in
Figure 3. It was observed that the spectrum
consisted of neodymium, samarium and oxygen and
there was no presence of other elements from the
organic compounds which were initially used in the
synthesis.
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Figure 3. EDX spectra for (Ndo.s3 Smo.07)203
nanoparticles

Table 1. Percentage of elements present in the

sample
Element Wgt.% At.%
Nd 78.53 36.22
Sm 6.86 3.03
O 14.61 60.75

TEM results confirmed that the particles are in
nanosize. The TEM image obtained are shown in the
Figure 4. The morphology obtained in TEM analysis
was similar to SEM analysis. The particle size
obtained from TEM was found to be around 35 nm,
approximately equal to that of Scherrer’s equation.

Figure 4. TEM image of (Ndo.3 Sm0.7)203

Nanoparticles

Figure 5 represents UV-VIS absorption spectrum of
Sm3* doped Nd203 nanoparticles. It is found that the
absorption peak of nanomaterials, unlike that of
bulk (7264 nm) occurs at 239 nm clearly indicating a
widening of band gap. The calculated band gap
value of Nd203 nanoparticles was 5.2 eV which are
higher than the value of bulk Nd20s, 4.7 eV. This
can be attributed to the quantum confinement effect
of the nanoparticles. [25]
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Figure 5. Absorption spectrum of (Ndo.s3 Smo.07)203
nanoparticles
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The photoluminescence spectrum of the synthesized
Sm3 doped Nd20s excited under 230 nm wavelength is
shown in Figure 6. The PL spectra shows a broad
series of emission bands at = 320 - 367 nm (UV)
which can be attributed to the singly ionized oxygen
vacancies in Nd20s. [19] It is reported that the broad
UV emission can also arise due to radiative
recombination of photo-generated hole with an
electron occupying the oxygen vacancy. [26] The
peaks at 381 and 390 nm are mainly due to the
presence of surface defects that exists in the lattice.
The peak at 460 nm is formed due to the second
order diffraction from the source.
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Figure 6. PL spectra of (Ndoss Smoo7)203 nanoparticles

4. Conclusion

(Ndos3Smo07)203  nanoparticles were synthesized
using modified Pechini method and were calcined at
750°C. (Ndo.93 Smo.07)203 nanoparticles were found to
be highly crystalline and hexagonal in structure.
Scherrer formula was used to calculate the size of
the particles and the average crystallite size of the
synthesized sample was 27 nm. SEM was used for
surface morphology studies. SEM micrograph of the
prepared samples showed small amount of
agglomeration. The percentage of composition of
the elements present in the sample was found from
the EDAX analysis. TEM results also confirmed that
the particles are surface
morphology obtained in TEM analysis was similar to
SEM analysis. The optical band gap of Nd:03 was
calculated as Sm? doped 5.2 eV which are higher
than the required value of bulk Nd203, 4.7 eV. This

can be attributed to the quantum confinement effect

in nanosize. The

of the nanoparticles. Upon 230 nm excitation, Sm3

doped Nd:03 nanoparticles showed a series of
emission bands in the range 319 - 367 nm (UV)
which reveals that the synthesized material is a
promising candidate in applications for solid state
lightings.
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