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Pure and Dy3þ doped Y2O3 are prepared by sol–gel technique. The samples are annealed at 900 °C to
obtain crystalline phase. X-ray diffraction (XRD) patterns confirm cubic phase of Y2O3. The crystallites
size is calculated using Scherrer formula and is found to be in the order of 29.67 nm. The particles are
found to be spherical in nature and their sizes are estimated to be 35 nm by scanning electron micro-
scope (SEM) technique. Online ionoluminescence (IL) spectra of pure and Dy3þ doped Y2O3 are recorded
with 100 MeV Si8þ ions with fluence in the range 0.375–6.75�1013 ions cm�2. Undoped samples do not
show IL emission for any of the fluence explored. Four prominent IL emissions with peaks at 488, 670,
767 nm and a prominent pair at 574 and 584 nm are observed in Dy3þ doped samples. These char-
acteristic emissions are attributed to luminescence centers activated by Dy3þ ions due to 4F9/2-6H15/2,
4F9/2-6H11/2,

4F9/2-6H9/2þ6H11/2 and 4F9/2-6H13/2 transitions respectively. Further, it is found that IL
intensity at 574 nm decays rapidly with ion fluence. A broad and weak photoluminescence (PL) emission
with peak at �485 nm and a strong emission at 573 nm are observed in ion irradiated Y2O3:Dy3þ . It is
found that PL intensity increases with ion fluence up to 3�1010 ions cm�2 and then it decreases with
further increase of ion fluence. This may be attributed to lattice disorder produced by dense electronic
excitation under swift heavy ion irradiation.

& 2015 Elsevier B.V. All rights reserved.
1. Introduction

Swift heavy ion (SHI) irradiation induce changes in nanos-
tructure materials. The energy deposition on target material is
usually expressed in terms of kilo electron volt per atomic mass
unit (keV/amu). When an energetic ion penetrates a target, it
deposits energy mainly by elastic collision with the nuclei known
as nuclear energy loss (Sn), which dominates at lower energy
(�10 KeV/amu) and inelastic collisions with the electrons of the
target known as electronic energy loss (Se), which dominates at
higher energy region (Z1 MeV/amu) [1,2]. SHI irradiation induces
defects, defect cluster and large number of electron excitation and
ionization in target [3–5]. Yttrium oxide (Y2O3) is found to be one
of the best hosts for rare earth (RE) ions because of its similarities
in the chemical properties and ionic radius. Y2O3 possess high
melting point (�2600 °C), wide transparency range, high thermal
conductivity, high chemical stability with a band gap (5.72 eV) and
low cut of phonon energy (380 cm�1), which reduces the multi-
phonon relaxation process and leads to high luminescence
bhushana).
efficiency [6]. Trivalent dysprosium ion (Dy3þ) has been exten-
sively studied in various hosts due to its unique spectral properties
[7]. Dy3þdoped Y2O3 exhibit excellent greenish yellow lumines-
cent properties. Y2O3:Dy3þ nanophosphor used for UV based
white light emitting diode (white LED), display devices etc.

Ionoluminescence (IL) is non thermal light emission phenom-
enon induced by bombardment of high energetic ion beam. It is a
sensitive and versatile tool for study of excitation states of the
material, local symmetry of the emitting atom, chemical state and
presence of RE ions [8]. IL studies have been reported on various
types of natural and synthetic inorganic materials [9–12]. The
objective of the present work is to study ion induced luminescence
characteristics of Y2O3:Dy3þ nanophosphors.
2. Experimental

2.1. Synthesis

Dysprosium doped yttrium oxide is synthesized by sol gel
technique using yttrium oxide [99.8% pure (Y2O3), Aldrich che-
micals], anhydrous citric acid [99.5% pure GR (C6H8O7), Merck

www.sciencedirect.com/science/journal/00222313
www.elsevier.com/locate/jlumin
http://dx.doi.org/10.1016/j.jlumin.2015.07.054
http://dx.doi.org/10.1016/j.jlumin.2015.07.054
http://dx.doi.org/10.1016/j.jlumin.2015.07.054
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jlumin.2015.07.054&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jlumin.2015.07.054&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jlumin.2015.07.054&domain=pdf
mailto:bhushankr@gmail.com
http://dx.doi.org/10.1016/j.jlumin.2015.07.054


10-5 10-3 10-1 101 103 105

0

1

2

3

4

5

6
St

op
pi

ng
 p

ow
er

 (k
eV

 n
m

-1
)

Energy (MeV)

Si ion in Y2O3:Dy
Se

Sn

0 5 10 15 20 25

0

1

2

3

4

5

6

Se

St
op

pi
ng

 p
ow

er
 (k

eV
 n

m
-1

)

Target depth ( m)

Sn

100 MeV Si ion in Y2O3:Dy3+

µ

Fig. 1. (a) SRIM graphs for SHI irradiated Y2O3:Dy3þ nanophosphor and (b) plot of
energy loss of 100 MeV Si8þ ions in Y2O3:Dy3þ nanophosphor.
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Fig. 2. (a) X-ray diffraction patterns of pristine and 100 MeV swift Si8þ ion irra-
diated Y2O3:Dy3þ and (b) W–H plot of pristine and 100 MeV swift Si8þ ion irra-
diated Y2O3:Dy3þ .
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chemicals], dysprosium nitrate [99.9% pure (Dy (NO3)3), Aldrich
chemicals] and nitric acid [(HNO3), Merck chemicals] as reactants.
The ratio of citric acid to Y3þ is considered as 2.0 [13,14]. Stoi-
chiometric amount of yttrium oxide is dissolved with dilute nitric
acid to get yttrium nitrate and then dissolved in 50 ml of double
distilled water. The resultant solution is refluxed at room tem-
perature for 3 h. Dysprosium nitrate is added to yttrium nitrate
precursor solution and the solution is again refluxed at 70 °C for
2 h and then citric acid is slowly added to act as a chelating agent.
During refluxing, the solution slowly evaporated and turned into a
reddish brown gel. The gel is dried at 110 °C in an oven to obtain
powder and the powder is grained in an agate mortar and pestle
and finally annealed at 700 °C for 2 h to remove the impurities if
any [15]. The pellets of 1 mm thick and 5 mm diameter are pre-
pared from 30 mg of the sample by applying a pressure of 4.0 MPa
using an homemade pellatizer. 4% of polyvinyl alcohol solution is
used as binder [16]. These pellets are annealed at 900 °C for 2 h in
a muffle furnace to remove the deformations and binding agent
impurities.

2.2. Irradiation

Annealed pellets are irradiated with 100 MeV swift Si8þ ions
(beam current¼2 pnA) for the fluence in the range 1�1010–3�
1011 ion cm�2 using 5 UD Pelletron at Inter University Accelerator
Center (IUAC), New Delhi, India [17,18]. The samples are mounted
on glass slide of 10 cm length, 2.5 cm width and 2 mm thickness.
Then the slide is carefully fixed on a copper target ladder using
double sided tape. The ion beam is magnetically scanned on
1 cm�1 cm area of the sample surface for uniform irradiation at
room temperature. Four pellets are exposed at a time for the same
fluence each for XRD, FTIR, PL and thermoluminescence (TL)
measurements. IL is performed with focused ion beam inside a
high vacuum chamber (6�10�6 Torr). The IL emission is collected
at 45° to the incident beam and the spectrum recorded using
charged coupled device (CCD) camera (Ocean optics spectrometer
HR 4000).

2.3. Characterization

XRD patterns are recorded in advanced D-8 X-ray dif-
fractometer (Bruker AXS-model) using 1.5406 Å from Cu Kα
radiations. The morphology of the synthesized sample is studied
by scanning electron microscopy (JEOL JSM-840A). Fourier trans-
formed infrared spectra (FTIR) are recorded on Nicollet Magna 550
spectrophotometer. PL excitation, emission and the life time
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measurements are recorded using an Edinburgh luminescence
spectrometer (model F900) equipped with a xenon flash lamp as
the source of excitation.
Fig. 3. (a) SEM micrograph of sol gel synthesized nanocrystalline Y2O3:Dy3þ and
(b) EDS of sol gel synthesized nanocrystalline Y2O3:Dy3þ .
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Fig. 4. FTIR spectrum of pristine and 100 MeV swift Si8þ ion irradiated Y2O3:Dy3þ .
3. Results and discussion

The electronic energy loss (Se), nuclear energy loss (Sn) and
projected ion range (Rp) of Si ions in Y2O3:Dy3þ are calculated
using SRIM (Stopping and Range of Ions in Matter, version 2010)
program [19]. Se and Sn values for 100 MeV Si8þ ions are found to
be 4.103 and 0.003 keV nm�1, respectively. The projected range of
100 MeV Si8þ ions in Y2O3:Dy3þ is calculated to be 21.65 μm.
Fig. 1(a) shows the energy loss (Se and Sn) as a function of energy
for silicon ion in Y2O3:Dy3þ . Fig. 1(b) shows the variation of energy
loss with the penetration depth in the target materials. The elec-
tronic energy loss is dominant in the present case and responsible
for the material modifications. Thus, it is expected that large
electronic excitation may induce breaking of original bonds lead-
ing to creation of point defects [20].

Fig. 2(a) shows XRD pattern of pristine and 100 MeV swift Si8þ

ion irradiated Y2O3:Dy3þ for the fluence of 3�1011 ions cm�2. The
XRD pattern of pristine and irradiated samples shows the cubic
crystal system with space group 1a3̄ (JCPDS: No: 88-1040) [21]. All
the diffraction peaks have been found to correspond to bixbyite
(C-type) crystalline phase of yttrium oxide. It is found that the
diffraction peak intensity of irradiated sample decreases when
compared to pristine one. This might be due to the creation of
large number of defects and discontinuous tracks leading to dis-
tortion of crystalline symmetry. Gaboriaud et al., reported SHI
irradiation induces phase transformation from cubic to monoclinic
structure of yttrium oxide when SeZ18 keV nm�1 [22]. However,
in the present work Se (4.103 keV nm�1) is much lower and
structural phase transformation is not observed instead large
numbers of point defects responsible for luminescence are created
[23]. Youmei Sun et al., reported the damage induced by SHI in
polycarbonate. They reported that the intensity of the main dif-
fraction peak of pristine sample decreases gradually with
increasing ion fluence due to destruction of a chemical group [24].

The structural parameters such as miller indices (h k l), crys-
tallite size (D), inter planar spacing (d), lattice constant (a), cell
volume (V), density (Dx), dislocation density (δ) and lattice strain
(ε) [25] are calculated from XRD data and tabulated in Table 1. The
crystallite size (D) is calculated using Scherrer equation:

D
0.9
cos 1

λ
β θ

=
( )

where, ‘λ’ is the wavelength of X-rays (1.5406 Å), ‘β’ is full width at
half maxima (FWHM) and ‘θ’ is the Bragg angle. The average
crystallite size is found to be 29.67 nm for pristine while it is
29.00 nm for ion irradiated samples. Significant strains are asso-
ciated with nanoparticles because a large number of surface atoms
have unsaturated in coordination numbers. The lattice strain and
Table 1
XRD structural parameters of pristine and 100 MeV swift Si8þ irradiated Y2O3:Dy3þ (Ion fluence: 3�1011 ions cm�2).

Y2O3:Dy3þ Crystallite size D (nm) Lattice constant
a (Å )

Cell volume
(Å 3 )

Density ρ

(g cm�3)
Dislocation density δ

(�1015 m2)
Inter-planar space
in at (222) ( Å )

Effective strain (%)

Scherrer W–H
method

W–H
method

Calculated

Pristine 29.67 37.04 10.597 1190.16 5.042 1.14 3.059 0.045 0.117
3�1011 ions cm�2 29.00 36.01 10.593 1188.66 5.047 1.19 3.057 0.090 0.120



400 500 600 700 800

3000

6000

9000

12000

15000

18000

IL
 in

te
ns

ity
 (a

.u
.)

Wavelength(nm)

0.1 0.2 0.3 0.4 0.5 0.6

3000

6000

9000

12000

15000

18000

IL
 in

te
ns

ity
 (a

.u
.)

Dy3+ concentration (mol%)

Fig. 5. (a) IL spectra of pure and (0.1 mol%, 0.2 mol% and 0.6 mol%) Dy3þ doped
Y2O3 irradiated with 100 MeV Si8þ for fluence of 0.375�1013 ions cm�2 and
(b) variation of IL intensity with Dy3þ concentration.

500 600 700 800

3000

6000

9000

12000

15000

18000               Y2O3:Dy3+ (0.6 mol%) irradiated with 100 MeV Si8+ ions

(x10
13

 ions cm
-2)

IL
 in

te
ns

ity
 (a

.u
.)

Wavelength (nm)

 0.375
 1.125
 1.50
 2.625
 3.375
 4.125
 5.625
 6.750

488

574

584

670 767

0 1 2 3 4 5 6 7
0

20000

40000

60000

80000

100000

0

10000

20000

30000

40000

50000

In
te

gr
al

 in
te

ns
ity

 o
f 4

88
 a

nd
 5

84
 n

m
 P

ea
k 

(a
.u

.)

).u.a(
kaeP

mn
475fo

ytisnetnilargetnI

Ion fluence x1013(ions cm-2)

 574 nm peak

 584 nm peak
 488 nm peak

Fig. 6. (a) Ionoluminescence spectra of Y2O3:Dy3þ irradiated with 100 MeV Si8þ

ions and (b) variation of IL intensity with ion fluences.

N.J. Shivaramu et al. / Journal of Luminescence 169 (2016) 627–634630
crystallite size are estimated and compared the strains in pristine
and SHI irradiated Y2O3:Dy3þ nanophosphor using Williamson
Hall (W–H) method using following equation [26,27]

D
Cos 1 4 Sin

2
β θ

λ
ε θ

λ
= + ( )

where, ‘ε’ is the lattice strain. Fig. 2(b) represents the plot of β
cos θ/λ versus sin θ/λ. The average crystallites size and lattice
strain are found to be 37.04 nm and 0.045% for pristine and
36.01 nm and 0.090% for ion irradiated samples.

The dislocation density (δ) is calculated using the following
equation [28]

D
1

32δ =
( )

where, D is the crystallite size obtained from Scherrer equation.
The dislocation density is found to be 1.14�1015 m�2 for pristine
and 1.19�1015 m�2 for irradiated samples. The increase in lattice
strain and dislocation density after SHI irradiation might be due to
SHI induced defects in the Y2O3:Dy3þ nanophosphor [20].

Fig. 3(a) shows the SEM image of heat treated Y2O3:Dy3þ . The
SEM picture indicates that the particles are spherical in nature and
their size is estimated to be 35 nm. The Energy Dispersive X-ray
analysis (EDAX) technique has proved to be a powerful tool to
obtain the chemical composition of the sample as shown in Fig. 3
(b). It confirms the presence of Y, O, Dy elements in the synthe-
sized sample.
Fig. 4 shows the FTIR spectra of pristine and SHI irradiated
Y2O3:Dy3þ nanophosphor. The vibrational bands at 470, 564, 740,
856, 1022, 1407, 1527, 1703, 2855, 2919, 3423 and 3742 cm�1 are
observed in both pristine and irradiated samples. The bands at 470
and 564 cm�1 are attributed to Y–O stretching vibrations [7,29].
The intensity of these modes decreases with ion irradiation due to
loss of crystallinity and/or due to destruction of Y–O stretching
bond, which indicates change in chemical composition. The pre-
sence of Y–O vibrational bond in irradiated sample signifies its
chemical stability after SHI irradiation. Therefore, SHI do not affect
the Y–O stretching bond [30]. The band at 740 and 856 cm�1 are
attributed to the absorption of CO3

2� [31]. The band at 1022 cm�1

is attributed to C–O bending and bands at 1407, 1527 and
1703 cm�1 are attributed to COO� group vibration of the citrate
complex [32]. The bands at 2919, 3423 and 3742 cm�1 are well
known and assigned to –OH stretching vibrations [33]. The carbon
bonds and OH bands appeared in the FTIR spectra are due to CO2

and moisture absorbed from the atmosphere [34]. The ligands
such as OH–, COO– and CO3

2� are not came from the raw mate-
rials used in synthesis and are not observed from the XRD, EDAX
techniques. But they are found only in FTIR spectra. Because,
the spectra is recorded using KBr pellet technique. KBr is mixed
with the samples to make a very thin pellet and the pellet
absorbed the CO2 and moisture present in the atmosphere. Hence,
FTIR shows the OH–, COO– and CO3

2� bonds. These results are
well reported [20].

Fig. 5(a) shows the IL spectra of pure and Dy3þ doped Y2O3

and excited with 100 MeV Si8þ ions for fluence 0.375�
1013 ions cm�2. Pure samples do not show IL emission for any of
the fluence investigated. A sharp and prominent IL emission with
peak at 574 nm is recorded along weak emissions with peaks at
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488, 584, 670 and 767 nm in Dy3þ doped samples. Fig. 5(b) shows
the variation of IL intensity for various Dy3þ concentrations. It is
found that the IL intensity increases with increase of doping
concentration and the samples doped with 0.6 mol% exhibits
highest intensity in the present investigation.

IL spectra of Y2O3:Dy3þ (0.6 mol%) nanophosphor bombarded
with 100 MeV Si8þ ions for the fluence in the range (0.375–
6.750)�1013 ions cm�2 are shown in Fig. 6(a). A sharp and pro-
minent IL emission with peak at 574 nm is recorded along with
weak emissions at 488, 584, 670 and 767 nm. These characteristic
emissions are attributed to the luminescence centers associated
with Dy3þ ions. Emission peaks at 488, 584 and 670 nm are slightly
broadened because of several stark levels of 4F9/2 and 6HJ (J¼15/2,
13/2, 11/2) and then split into Jþ1/2 Stark levels due to Dy3þ ion
(Kramer's ion) in the lower symmetry site [7]. Similar results on
Mg2SiO4:Dy3þ are reported by Lakshminarasappa et al. [35].

In present work, Dy3þ ions are excited by SHI to 6P7/2 level and
quickly relax non-radiatively to intermediate 4F9/2 level. Radiative
transition from the intermediate 4F9/2 level to the lower states
6H15/2, 6H13/2, 6H11/2 and 6H9/2þ6H11/2 results in emission with
peaks at 488, 574, 670 and 767 nm respectively. The emission with
peak at 574 nm corresponds to 4F9/2-6H13/2 in yellow region
which belongs to electric dipole transition and it is allowed only in
the case of Dy3þ ions. But, it is hypersensitive to the host. Another
feeble emission with peak at 488 nm corresponds to the
4F9/2-6H15/2 (blue region) transition, which belongs to a magnetic
dipole transitions and located at the inversion center (C3i) sym-
metry sites which is less sensitive to the host. Further, weak
emissions with peak at 670 nm (Red region) and 767 nm (NIR
region) are attributed to 4F9/2-6H11/2 and 4F9/2-6H9/2þ6H11/2

transitions of Dy3þ respectively [7,36]. The IL intensity depends on
various factors such as ion species, ion fluence, energy, lumines-
cence activators, quenchers and surrounding environment around
the Dy3þ ion.

Fig. 6(b) shows the variation of IL integral intensity with ion
fluence. It is found that the IL integral intensity decreases rapidly
from its initial value and then remains almost constant with
increase in ion fluence. The reduction in the IL intensity with
increase in ion fluence might be due to distortion of the Y2O3:Dy3þ

crystal lattice. The distortion is enhanced by accumulation of SHI
induced defects which provides non-radiative decay path. The
decrease in IL intensity may be explained by track interaction model
(TIM). According to this model, initially (0.375�1013 ions cm�2)
SHI ion fluence to create a cylindrical type tracks and such tracks
are overlapping each other leadings to the formation of complex
defects that reduce the luminescence intensity [37,38].
Further, effective diameter (d) of ion track can be calculated
using Poison equation [39,40]. In present work, the diameter of ion
tracks is calculated using IL spectra. The cross section (s) for the
damage of the nanophosphor is estimated using the relation

I I exp 40φ σφ( ) = ( − ) ( )

where s is the damage cross section of nanophosphor (s¼πr2), r is
the effective radius of ion track, I0 is the integral intensity of
pristine samples, I(φ) is the integral intensity of ion irradiation
sample, with ion fluence φ. The normalized integrated intensity
for Y2O3:Dy3þ is plotted as a function of ion fluence and shown in
Fig. 7(a and b). It is found that, the normalized integrated intensity
decreases exponentially with ion fluence. The size of the ion tracks
is estimated by fitting this equation and it is found to be 3.10 0.43±
and 3.16 0.37± nm for 574 and 584 nm emission peaks
respectively.

Fig. 8(a) shows the PL excitation spectrum of Y2O3:Dy3þ

recorded in the range 300–400 nm at an excitation of 573 nm. A
sharp peak at 349 nm is attributed to the hypersensitive transition
6H15/2–

4M15/2þ6P7/2 and other bands with peaks at 331, 363,
383 nm are attributed to 6H15/2–

4M17/2, 6H15/2–
4I11/2 and

6H15/2–
4I13/2 transitions, respectively [7]. PL emission is recorded

under 349 nm excitation. The emission spectra of sol gel derived
Y2O3:Dy3þ nanophosphor irradiated with 100 MeV Si8þ ions in
the fluence range from 1�1010 to 3�1011 ions cm�2 is shown in
Fig. 8(b). The 349 nm (3.6 eV) energy excites the Dy3þ ions to the
6P7/2 level and then quickly relaxes non-radiatively to intermediate
4F9/2 level. After radiative transition from the intermediate 4F9/2
level to the lower states, 6H15/2, 6H13/2 and 6H11/2 emitting at 485,
573–583 and 670 nm respectively. The most intense yellow
emission at �573–583 nm corresponds to the hypersensitive
transition between the 4F9/2 and 6H13/2 level of the Dy3þ ions.
Feorenzo Vetrone et al., reported the spectroscopic investigation of
Dy3þ doped Y2O3 nanocrystal. They observed emission with peaks
at 485, 575, 675, 760 and 850 nm which were assigned to the
transition from the luminescent 4F9/2 level to the ground 6HJ

(J¼15/2, 13/2, 11/2, 9/2þ11/2 and 7/2þ9/2) multiplets [36].
In the present work, 573 nm emission is found to be more

intense than at 485 nm emission. The origin of transitions (electric
dipole or magnetic dipole) from emitting levels to terminating
levels depends upon the site where the Dy ion is located in the
Y2O3 lattice and the type of transition is determined by selection
rules [41]. A Dy3þ ion in an Y2O3 crystal can occupy two different
symmetric sites: (i) a low symmetry site of C2 without an inversion
center and (ii) a high symmetry site of C3i having an inversion
center. Y3þ ions in unit cell occupy eight sites with C3i point



Fig. 9. TRPL decay profile of (a) pristine and (b) 100 MeV swift Si8þ irradiated
Y2O3:Dy3þ (0.6 mol%) nanophosphor. The inset shows the lifetime data and the
parameters generated by the exponential fitting.
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symmetry and 24 sites with C2 point symmetry. It can be clearly
shows that Dy3þ occupies the most probability C2 symmetry in
Y2O3 lattice [7]. If Dy3þ ion occupies the C3i site, the blue (485 nm)
emission dominates. And, if Dy3þ ions occupy the C2 site, the
yellow (573 nm) emission is dominates. In present work, yellow
(573 nm) emission is dominates that of the blue (485 nm) emis-
sion, because Dy3þ ions are occupied in C2-site (75%) and C3i-site
(25%). It is indicating that the location of the Dy3þ is more prob-
ability in C2-site. Therefore, electric dipole (ED) transition
(4F9/2–6H13/2) of Dy3þ ions is from C2-sites and magnetic dipole
transition (4F9/2–6H15/2) is from C3i-sites. Because, C3i-sites cannot
provide odd terms in the crystal field [42,43]. Moreover, the
similarity of the ionic radii of Dy3þ (�0.91 Å) ions and Y3þ

(�0.9 Å) ions allows the suitable substitution and C2-site lacks
inversion symmetry. Therefore, Y3þ is suitable to substitute Dy3þ

sites giving rise to intense yellow emission in all the samples [7].
Fig. 8(c) shows variation of PL intensity as a function of ion fluence.
The PL intensity at 573 nm is found to increase with increase in ion
fluence up to 3�1010 ions cm�2, caused due to increase in defects
concentration increases in the sample. Further, with increase in
ion fluence the PL intensity is found to decrease. And, the decrease
in PL intensity at 573 nm might be attributed to the destruction of
defects. The disorder leads to crystal field perturbation around
Dy3þ sites causing inhomogeneous broadening. Nagabhushana
et al., reported reduction of PL intensity with increase of Ag8þ ion
fluence. The decrease in intensity was attributed to the degrada-
tion of metal oxide bond. The irradiation effects leads to the
restructuring of the surface chemical species due to high energy
deposition through electronic energy loss leading to reduction of
recombination centers [44].

Time resolved PL (TRPL) is a non destructive technique. The exci-
ton lifetime is an important parameter related to the quality of the
material and gives better understanding about quenching mechanism
[45]. TRPL decay curves are recorded at room temperature (300 K).
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The TRPL decay curves of pristine and SHI irradiated Dy3þ doped
Y2O3 samples measured at 573 nm are shown in Fig. 9(a) and (b),
respectively. These decay curves may not fit by a single exponential
function due to the nonradiative process involving cross relaxation
[46,47]. But it may well be fit by a second order exponential function.

The average lifetime (τ) are found to be 0.96 0.15 ms± and
2.31 0.23 ms± for pristine and 100 MeV swift Si8þ irradiated
Fig. 10. Color coordinates for 349 nm excitation of (a) IL (b) PL with ion fluence.

Table 2
CIE parameters of pristine and ion irradiated Y2O3:Dy3þ nanophosphor.

Technique Ion fluence (�1013 ions cm�2) Color coordinates

x y

0.375 0.37 0.38
1.125 0.36 0.37
1.50 0.36 0.36

IL 2.625 0.34 0.34
3.375 0.34 0.34
4.125 0.34 0.34
5.625 0.34 0.34
6.75 0.33 0.34
Y2O3:Dy3þ nanophosphor. The transition 4F9/2-6H13/2 (573 nm) is
both spin and parity forbidden, hence the life times are long
[43,48]. Luminescence of SHI irradiated sample exhibit long decay
time ( 2.31 ms). This might be due to lattice disorder and point
defects caused by SHI irradiation. This triggers a partial restruc-
turing of the surface chemical species leading to reduction in
nonradiative recombination centers. The decay time results are in
consistent with Kiran Sehrawat et al. [49].
3.1. Photometric characterization

To understand the emission of color of the samples more
clearly, the Commission Internationale de l'Eclairage (CIE) chro-
maticity coordinates of pristine and 100 MeV swift Si8þ irradiated
Y2O3:Dy3þ (0.6 mol%) for different ion fluences are considered
upon 349 nm excitation are calculated from the emission spectra
in the range of 400–700 nm using the 1931 CIE system and is
shown in Fig. 10(a) and (b), respectively. The calculated color
coordinates are tabulated in Table 2. The color coordinates (x–y) of
IL are calculated using the standard procedure [20]. The coordi-
nates approaches from closest white region for all the fluence.
With increasing ion fluence, (x–y) color coordinates did not
changed as shown in Fig. 10(a). Similarly, color coordinates of PL
are calculated. The coordinates shifts towards blue region with the
increasing ion fluence. This might be due to the destruction of the
surface lattice.
4. Conclusions

Y2O3:Dy3þ nanophosphors are synthesized by sol gel process.
The results of XRD and SEM results reveal that the average crys-
tallite size is �29.67 nm and particles size is 35 nm respectively.
The ionoluminescence and photoluminescence spectra of synthe-
sized sample shows the characteristic 5D–4F transitions of Dy3þ

ion. The decrease in IL intensity is attributed to the destruction of
the surface lattice caused by the energy deposited through elec-
tronic energy loss and formation of defects leading to non-radia-
tive recombination centers at higher fluences. Time resolved
photoluminescence spectroscopy indicated that the PL lifetime is
long in irradiated sample. The blue and yellow emissions are
varied with ion fluence resulting in the shift of color coordinates
from green–yellow to blue region. Thus color tunability can be
achieved by changing the ion fluences. Present investigations
indicated that Y2O3:Dy3þ nanophosphor is a promising candidate
for applications in optoelectronic devices and solid state lighting
for general illumination purposes.
Technique Ion fluence (ions cm�2) Color coordinates

x y

Pristine 0.36 0.43
1�1010 0.29 0.35
3�1010 0.33 0.39

PL 1�1011 0.26 0.33
3�1011 0.21 0.28
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