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Abstract
3+

Y2O3:Sm
(3 mol%)
nanophosphors was
synthesized by solution combustion technique
using Aloe Vera gel as a fuel. The pristine and Ebeam irradiated samples were subjected to
powder X-ray diffraction studies (PXRD). Pristine
sample reveled the formation of highly crystalline
cubic phase of Y2O3. Whereas the E-beam
irradiated sample showed decrease in crystalline
nature
by
the
creation
of
defects.
Photoluminescence (PL) spectra taken for pristine
and E-beam irradiated Y2O3:Sm3+ nanophosphors
showed characteristic emission peaks at 570, 608
and 656 nm corresponding to 4G5/2→6HJ (J= 5/2,
7/2, 9/2) transitions of Sm3+ ion respectively.
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1. Introduction
From past three decades, a lot of efforts has been
made by the researchers to study how nanomaterials
are superior than bulk counterparts. By controlling
the size and shape the material properties such as
physical, electrical, mechanical and thermal
properties can be easily tuned by varying the
synthesis technique, controlling the rate of reaction
and maintaining different atmospheric conditions [1,
2]. Another important technique to modify the
material properties is by irradiating the obtained
materials with highly energetic beams such as Xrays, γ-rays, electrons, ions, protons, etc [3, 4]
Yttrium oxide (Y2O3) is an important host
matrix used for various applications such as coating,
solid state lasers, display devices, etc due to its high
melting point, large energy band gap, good thermal
conductivity, high mechanical strength, etc [5].
Therefore, efforts have been made to study the
luminescent properties of Sm3+ ion doped Y2O3 host
matrix. Low temperature, less cost, highly
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homogeneous, self-propagating solution combustion
technique was used for the synthesis of Y2O3:Sm3+
nanophosphor and PL studies were carried out for
pristine and E-beam irradiated samples.
2. Experimental technique
2.1. Synthesis of Y2O3:Sm3+ nanophosphor
Yattrium nitrate, (Y(NO3)3·6H2O: 99% pure) and
Samarium nitrate (Sm(NO3)3·6H2O; 99% pure)
procured from Sigma Aldrich and Merck Ltd., were
used as a starting materials for the synthesis of
Y2O3:Sm3+ (3 mol%) nanophosphor. Aloe vera gel
extracted from Aloe vera plant was used as a fuel in
solution
combustion
technique.
The
stiochiometrically calculated nitrates and 10 ml of
Alovera gel extract was taken in a Petri dish and
stirred well using magnetic stirrer. The obtained
aqueous mixture was placed in the combustion
chamber at a temperature of ~400 oC. Exothermic
reaction took place in the combustion chamber
resulting in formation of Y2O3:Sm3+ phosphor.
The obtained phosphor was grinded and
made in the form of pellets of 6 mm diameter and 0.1
mm thickness by using a hydraulic pellet press and
the pellets were calcined at a temperature of 750 oC
for 3 hr. For PXRD and PL studies one of the
samples was kept unirradaited and another was
exposed to 6 MeV E-beam of fluence 9x1013 e-cm-2.
2.2. Characterization of samples
PXRD patterns were recorded on Shimadzu made
Model PXRD-7000 by using Cu-Kα radiations at a
wavelength of 1.54 Ǻ. The PL studies were recorded
using Horiba Flurolog-3 spectrofluorimeter at an
excitation wavelength 407 nm.
3. Results and discussion
3.1. Powder X-ray diffraction results
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peak exhibits both electric and magnetic dipole
transitions partially with selection rule ΔJ = ±1 [8, 9].
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The PXRD patterns of pristine and E-beam irradiated
Y2O3:Sm3+ nanophosphors are shown in Fig.1. The
obtained diffraction patterns are in good agreement
with standard JCPDS file no. 83-0927. Pristine
nanophosphor showed sharp high intense diffraction
pattern where as E-beam irradiated sample showed
broadened less intense peaks.
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Fig.1.Diffraction patterns of pristine and E-beam
irradiated Y2O3:Sm3+ nanophosphors
Further, particle size and micro strain was estimated
using Debye Scherer’s formulae [6, 7]
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Fig.2. PL emission spectrum of pristine and E-beam
irradiated Y2O3:Sm3+ nanophosphors
The PL intensity of E-beam irradiated nanophosphor
was more when compared to pristine samples
because density of defects increases with electron
irradiation. The recombination of electrons and holes
takes place due to radiative transitions resulting in
high PL intensity.
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where, β’ is the full width at half maximum of the
diffraction peak, ‘λ’ is the incident X-ray wavelength
(1.54 Å) and θ is the Bragg’s diffraction angle. The
estimated particle size and micro-strain is found to be
24 nm, 1.345x10-3 in pristine and 44 nm, 1.981x10-3
in E-beam irradiated nanophosphors respectively.
The decrease in diffraction peak intensity, increase in
particle size and micro-strain in E-beam irradiated
samples indicates the creation of defects and lattice
disorder due to E-irradiation.
3.2. Photoluminescence (PL)
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PL spectrum was recorded for pristine and E-beam
irradiated Y2O3:Sm3+ nanophosphor at an excitation
wavelength 407 nm. From Fig.2 characteristic
emission peaks were observed at 570, 608 and 656
nm corresponding to 4G5/2→6HJ (J= 5/2, 7/2, 9/2)
transitions of Sm3+ ion respectively. The PL emission
peak at 570 nm corresponds to magnetic-dipole (MD)
transition with selection rule values ΔJ=0 and ±1
corresponds to magnetic-dipole (MD) transition with
selection rule values ΔJ=0 and ±1. Whereas 656 nm
emission peak corresponds to electric dipole
transition obeying the selection rule of ΔJ′ ≤ 6 where
J or J′ = 0 when ΔJ=2, 3, 6. But 608 nm emission
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Fig.3. CIE diagram of pristine and E-beam irradiated
Y2O3:Sm3+ nanophosphors
The CIE (Commission International de I'Eclairage)
[10] was used to estimate the color co-ordinate values
of pristine and E-beam irradiated Y2O3:Sm3+
nanophosphors. From Fig. 3 it is observed that
pristine sample showed co-ordinate values in orange
region whereas E-beam irradiated sample lies in
orange-red region. Hence, E-irradiation can be used
to tune the color co-ordinate values.
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4. Conclusion
E-beam is a promising and potential technique used
for the modification of the material properties. PXRD
results showed the decrease in diffraction peak
intensity with E-fluence. The PL spectrum was
recorded at an excitation wavelength 407 nm. The PL
emissions were due to Sm3+ ion transitions at
4
G5/2→6HJ (J= 5/2, 7/2, 9/2) PL intensity was
enhanced in E-beam irradiated samples. The increase
in PL intensity was due to the creation of lattice
disorder resulting in non-radiative transitions. The
CIE co-ordinate value of E-beam irradiated
nanophosphor was found to be in orange-red region.
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