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Abstract: The study reports the structural and spectroscopic properties of Nd** doped lead metatantalate
phosphor series fabricated by conventional solid state method. XRD results of the PbTa,0s phase confirm the
tungsten bronze symmetry and single-phase structure between 0.5 and 10 mol% Nd>3* concentrations. The
lead decrease in the structure can be associated with maintaining the charge balance and single phase due
to evaporation during sintering. In SEM micrographs, the grains exhibited shapeless morphology, and the
grain sizes varied from 0.5 to 7 pm. In EDS results, the increase of Ta/Pb ratio in grain surfaces indicated
some lead evaporation, as reported in previous studies. The absorption spectrum of PbTa,0¢ host peaked
around 275-280 nm, and the band gap was found to be 3.7+0.2 eV. The absorptions of Nd** doped phophors
shifted the high wavelenght or the low band gap, where the band gaps were found between 3.1+0.2 and
3.3+0.2 eV. The PL emissions of the phosphors in near-inrared region were observed with the transitions of
4F32-%o (@t 875 nm) and *Fs;p—~*lh1 (at 1060 nm) of Nd3*. The RL emissions or X-ray excited luminescence
were monitored with the transitions of *Fs;—>%s, (at 875 nm), *Fs;>%h1 (@t 1065 nm) in the infrared region,
and the transitions of 2F(2)5/2—)4F9/2, 2F(2)5/2—)2H(2)11/2, 2F(2)5/2—)4G5/2, 2F(2)5/2—)4G7/2, 2F(2)5/2—)4Gg/2 in the visible
region corresponding to at around 430, 455, 490, 525, and 570 nm, respectively. PL and RL emissions of the
phosphors exhibited the decreasing emission intensity over 5 mol% due to the concentration quenching
which may be associated with cross-relaxing mechanism. In the PL and RL spectral profiles, the similarity of
splitting levels was attributed to the similarity of the local symmetry of the ligand ions surrounding the Nd3*
ion. The CIE coordinates obtained using RL emissions were found close to the blue region due to visible
region transitions.
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devices in various fields such as screen-display
1. INTRODUCTION technology, lighting technology, and optical data

communication due to some positive features such
Rare earth (RE) ions with 4f- 4f inner shell as long life, energy saving, improved physical
transitions have undoubtedly contributed greatly to  durability, small size, fast switching, high efficiency,
the development of luminescence applications and and environmental friendliness (1-19). The trivalent
the increase in their usage areas. Therefore, the RE  neodymium ion (Nd3*), one of the oldest trivalent
ion activated phosphors lead to numerous lanthanide ions used in solid-state laser, is well
innovations in the development of new generation known for its useful laser transitions such as
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*F3o-%op, “F3p—%lh1z, and “Fsp—>?lisp (20-29). The
4F3,-*%lg, transition at 880 nm finds application as a
powerful diode laser transition while the *F3;—*l1)
transition stands out due to its easily operated at
room temperature and pumped efficiently by flash
lamp (29). The scintillator or radioluminescent
materials convert the high-energy ionizing radiation
of a photon into visible-ultraviolet low energy
photon. In radioluminescence process, when the
energy absorbed in the host material is induced by
high-energy radiation, then the energy passes to the
RE emission center and the photons are emitted in a
relaxation process. The radioluminescent or
scintillator materials are used such as in the high
energy or nuclear physics detectors, the advanced
techniques for homeland security, the high-tech
industrial applications, and the medical imaging
techniques (to detect accelerated particles and high-
energy photons) (30-36).

There are two polymorphs of PbTa,0Os formed in the
PbO-Ta.Os binary system. The high-temperature
polymorph is orthorhombic, and the Ilow-
temperature polymorph is rhombohedral. The non-
ferroelectric rhombohedral is persistent only below
around 1150 °C, while the ferroelectric orthorhombic
forms at high temperatures (over 1150 °C), and the
Curie point is 265 °C (37,38). The orthorhombic
PbTa,0s shows close structural similarity with the
tungsten bronzes in paraelectric state. Tetragonal
tungsten bronze (TTB) based oxide structures, which
stand out with their dielectric properties, form a
wide family of crystals (39-42). TTB structures
exhibit suitable host features for dopant lanthanide
ions due to its three different tunnels or multi-
location sites that allow cation substitution at
different radius and charge (30-32). In the literature,
there are some studies on PbTa,Os due to its
structural, dielectric, ferroelectric (37-39),
luminescence (30-32), and photocatalytic properties
(43).

In the study, the near infrared photoluminescence
and radioluminescence properties of PbTa,0¢:xNd**
(x=0.5, 1.5, 3, 5, 7, 10 mol%) phosphors were
studied. Although Eu®** (30,40) and Dy3** (31,32)
doped studies of the lead tantalate phophors have
been reported previously, the Nd** doped
photoluminescence and X-ray excited luminescence
are reported in this study to the best of our
knowledge. The spectroscopic and structural
characterizations of the ceramic samples were
examined by XRD, SEM-EDS, PL, RL and absorption
analyses.

2. EXPERIMENTAL SECTION

Undoped and PbTa,06:xNd** (x=0.5, 1.5, 3, 5, 7 and
10 mol%) materials were fabricated by the solid
state reaction route, where x represents 2 atomic
value due to Nd203. Pb(NO3)2, Ta,0s5 and Nd203
powders were used as starting and dopant materials
with purity of 99% (Sigma-Aldrich), 99.9% (Alfa
Aesar), and 99.9% (Alfa Aesar), respectively. Ta,0s
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and Pb(NOs), powders were weighed and mixed
according to PbTa,Os stoichiometry. Six different
powder mixtures were prepared and Nd,O; dopant
was subsequently added at different concentrations
into the each powder mixture, and they were
homogenized by mixing in agate mortar for 10 min.
Final powder mixtures were heat treated at 1250 °C
for 6 h in an electric furnace under air atmosphere
after pelleting.

The phase structure of the ceramics was
investigated by X-ray diffraction (D2 PHASER, Bruker
Corp., Germany) using Cu-K, radiation, Ni filter, scan
rate = 2 °/min, 26=20-65°. The grain morphology
and elemental identification of the samples were
carried out by SEM (JSM-5910LV, JEOL Ltd., Japan)
equipped with EDS (INCAx-Sight 7274, Oxford
Industries, UK) after Au coating. The near emission
spectra of Nd** doped samples were taken using a
diode laser of 800 nm at 300 K. The
radioluminescence spectra of the Nd3* doped
PbTa,0s phosphors were taken using a Machlett
OEG-50A tube which operates with 30 kV and 15 mA
and, the X-ray tube provides white X-rays at a dose
rate of 30 Gy/min radioluminescence spectra were
taken with a Horiba Jobin Yvon spectrometer
connected to a liquid nitrogen-cooled CCD detector.
RL analysis was performed under room conditions,
the detector integration time was set to 5 seconds
and the input-output slit widths were set to 2 mm.
The absorption spectra of the undoped sample and
Nd** doped samples were performed by a Perkin-
Elmer Lambda spectrophotometer (USA).

3. RESULTS AND DISCUSSION

3.1. XRD and SEM-EDS Results

The XRD results of wundoped sample and
PbTa,06:xNd** (x=0.5, 1.5, 5, 7 and 10 mol%)
samples are shown in Figure 1. As seen in the XRD
patterns of all the samples, there are no different
minor phases in the range of 20°-65°. XRD analysis
showed that the PbTa.0s samples crystallized
(JCPDS card No. 14-0315) in the tetragonal tungsten
bronze symmetry with space group P4/mbm. The
orthorhombic-tetragonal relationship of PbTa,0s
along the c-axis in the tungsten bronze structure is
shown in Figure 2. The lattice parameters of
tetragonal are a=12.49 A, c=3.875 A (37), while the
cell data for orthorhombic are a,=17.68 A, by=17.72
A, c=7.754 A (38). The relation of the
orthorhombic-tetragonal cell parameters is ap=av2,
bo=av2, co=2c (38,44), The a, and b constants are
nearly equal, where the b/a ratio is about 1.002
(38). So, the XRD patterns of orthorhombic PbTa,0s
may be indexed quite well as tetragonal due to the
extremely small orthorhombic distortion (38,41).
The A.B,CiM;003 formula represents the TTB
(tetragonal tungsten bronze) structure for the oxide
compounds where the pentagonal (A), square (B),
triangle (C) sites have 15, 12, 9 CN, respectively,
and the octahedral (M) sites have 6 CN. The A and B
sites are occupied by large cations while the C sites
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occupied by small cations such as Li*. The M
octahedral sites are suitable for small radius and
high charged cations such as Ta**, Nb>*. Li et al. (45)
studied the distribution of Eu3* atoms in the A (non-
centrosymmetric) sites and B (centrosymmetric)
sites, which are related to °Dy—>’F;, and >D¢~'F;
transitions, respectively. They suggested that Eu?*
atoms could mainly occupy the centrosymmetric
sites or then randomly disperse into both
centrosymmetric and non-centrosymmetric sites.
Accordingly, based on the ionic radius and
coordination number (CN), the formation of the
single-phase may be attributed to the partial
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occupation of vacant sites in the lattice by Nd3* ions
(1.27 A for 12 CN, and 1.163 A for 9 CN), and partial
substitution of Nd3* ions by Pb?* ions (1.35 A for CN
9, and 1.49 A for CN 12). In addition, although the
inclusion of Nd3* ions does not cause any change in
the single-phase structure of PbTa,Os up to 10 mol
%, the charge balance of structure may be
somewhat affected. However, during sintering, a
lead decrease may occur due to evaporation, which
can be helpful in maintaining the charge balance
and single-phase structure in the case of RE doping
(40,41).
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Figure 1: XRD results of undoped, and 0.5, 1.5, 5, 7, 10 mol% Nd** doped samples.
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Figure 2: Schematic illustration of the orthorhombic-tetragonal relationship of PbTa,O¢ crystal in the
direction of the c axis.

X5086

Figure 3: SEM micrographs of (a) undoped and (b) 0.5, (c) 1.5, (d) 5, (e) 7 (f) 10 mol% Nd3** doped samples
at 5000x magnifications.
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Figure 3(a-f) shows the SEM micrographs at 5.000x
magnification for undoped and 0.5, 1.5, 5, 7 and 10
mol% Nd3** doped samples, respectively. The grain
shapes of Nd** doped samples have oval, expanded
and a shapeless morphology, while the grain sizes
varied from 0.5 to 7 um. Figure 4 shows the EDS
spectrum and elemental compositions as “weight
(%) and atomic (%)” for 7 mol% Nd** doped PbTa,0s

RESEARCH ARTICLE

sample were detected by EDS at 20 kV of SEM
acceleration voltage. According to the EDS results,
the atomic theoretical (%) composition of Ta grains
is 21.74, while the atomic (%) composition of lead is
8.17. The high Ta/Pb ratio indicates a decrease in
the amount of Pb due to some evaporation, as
reported in previous studies (40,41).

Ta

Counts (a.u.)

Wt (%) |At(%) |Theo.At (%)
0 15.80] 6857 55,65
Pb 2439 817 10.94
Nd 315 1.52 1563
Ta 56.66)  21.74 21.88
100 100 100.00

Energy (keV)

Figure 4: EDS spectrum and wt%, at% elemental compositions, and theoretical at% values for 7 mol% Nd3*
doped sample

3.2. Near infrared photoluminescence of Nd?*
doped PbTa.0s phosphors

Figure 5(a,b) shows the absorption spectra and the
band gaps for undoped PbTa.0s and 1.5, 5, 10 mol%
Nd3** doped phosphors. In Figure 5a, the absorption
spectrum of undoped PbTa,Os reached the peak
value around 275-280 nm, and the band gap was
estimated to be 3.7%0.2 eV. Tauc Plot method [46]
was used to determine optical band gaps utilizing
absorption spectra of undoped PbTa,Os and Nd**
doped phosphors. In the literature, the energy gap
of PbTa,0¢ is reported by some researchers as 3.7
V (43) and 3.6-3.9 eV (47), which are consistent
with the energy gap found in the study. The optical
absorption of phosphors affected by Nd3*
concentration and shifted to visible region. In Figure

5b, the optical band gap of PbTa.0¢ host exhibited a
decrease with Nd** concentration. The band gaps of
the phosphors were found as 3.3+0.2, 3.2+0.2, and
3.1+0.2 eV for 1.5, 5, and 10 mol% Nd**
concentrations, respectively. The RE3* ion doping
can cause increased structural defects in the host
lattice and localized states in the band gap, which
decreases the energy band gap (48-50). The change
in the optical band gap can be explained by the
Burstein-Moss phenomenon (51). Accordingly, the
dopant ions can cause the formation of subbands in
the available band gap, so that the improvement in
the conduction property, which becomes continuous
depending on the density in the subbands, and
eventual merger with the conduction band can
occur.
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Figure 5: The absorption spectra (a) and the band gaps (b) for the PbTa,0s host and PbTa,06:xNd3* (x=1.5,

5, 10 mol%) phosphors.
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Figure 6: NIR photoluminescence of PbTa,06:xNd?** (x=0.5, 1.5, 3, 5, 7, 10 mol%) phosphors by diode laser
under 800 nm excitation.

3000

2500 .

2000

1500 -

PL intensity (a.u.)

1000

500

4

6 8 10

Nd** concentration (mol%)

Figure 7: NIR photoluminescence variation of Nd** doped PbTa,0s phosphors depending on doping
concentration.

The NIR photoluminescence spectra of
PbTa,06:xNd** (x=0.5, 1.5, 3, 5, 7, 10 mol%)
phosphors under the excitation of 800 nm using a
laser diode are shown in Figure 6. The NIR emissions
were recorded corresponding to the *F3»—-*lo, and
4F3,~%11,2 transitions at 875 and 1060, respectively.
The “Fs;;-*lg;, transition (at 875 nm) is a potential
laser transition that appears to be more intense
than the “Fs;—*l1. Figure 7 shows the change of
NIR emissions of PbTa,0¢:Nd3* phosphors depending
on doping concentration. As seen in Figure 7, the
NIR emission of the phosphor increased up to 5 mol
%, and then decreased at 7 and 10 mol% due to the
concentration quenching effect. An increase in Nd**
concentration will lead to a shortening of the
distance between Nd**-Nd3**, where the cross-
relaxation mechanism is increasingly important

(21,32). Thus, the decreasing distance between Nd3*
ions will make the cross-relaxation mechanism more
effective over 5 mol% Nd3* concentration, and the
probability of non-radiative transitions will be higher.
The critical distance (R for concentration
quenching will be important, as the decreasing
distance of Nd** ions will promote non-radiative
energy transfer. The Blasse's equation (1) estimates
the energy transfer between Nd3*-Nd3* ions (52):

1

3V._ |3 (Eq. 1)

47X, N

C

Where V is the unit cell volume, N is the number of
available sites for dopant ion, X. is the critical
concentration of dopant ion. For PbTa,0s:Nd**
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phosphor, it is Xc =0.10 mol ion in the unit cell (for
0.05 mol Nd,0s), V=604.5 A* (37), and N=5 (6).
The critical distance (R.) between Nd3**-Nd3** ions
for energy transfer was calculated as 13.22 A. Based
on Blasse's theory (53), since the Nd3**-Nd3* distance
is larger than 5 A, the effective mechanism will be
the multipolar interaction or the mechanism of
exchange interaction will ineffective.

3.3. Radioluminescence of Nd3* doped PbTa,0s
phosphors

Figure 8(a,b) shows the near-infrared and visible
region RL emissions under X-ray excitation of
PbTa,06:xNd3** (x=0.5, 1.5, 3, 5, 7, 10 mol%)
phosphors. In Figure 8a, the strong NIR emissions
peak about at 875 nm arise from the *Fs;—%q);
transition, where the splits are observed in the
range of 840-950 nm. Also, the weak emission peak
is seen around 1065 nm corresponding to the
4F3,—*112 transition. The near-infrared emission of
the X-ray-excited mechanism exhibited a decrease
at 7 and 10 mol% concentrations, similar to PL. As
well known for Nd**, each energy level can be

3000
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subdivided into 2J+1 sublevels by the local crystal
field around the Nd3' ions, but the overall energy
level structure of the Nd3* ion does not change
greatly in different hosts, because the 4f electrons
are shielded by the outer shell 5s% and 5p® electrons
(54). On the other hand, impurities such as a
secondary phase can cause differences in splitting
levels or Stark components where the local
symmetry of the ligand ions differs (22-24). As seen
from the RL emission spectra in Figure 8a, the
4F3,-*%lo, manifold of Nd** ions are splitted due to the
symmetry of the PbTa,0s cation sites, and the
splitting levels are similar in the spectral profile. This
phenomena may be attributed to the similarity of
local symmetry of ligand ions surrounding the Nd3*
jon (28). The weak visible RL emissions of the
phosphors between 400-600 nm are seen in Figure
8b. The RL emission bands originated from 4f-4f
transitions of Nd3* about at 430, 455, 490, 525, and
570 nm correspond to the transitions of the
2F(2)s2*Fsp2, 2F(2)52?H(2)112, 2F(2)52*Gspe,
2F(2)5/2—)4G7/2, and 2F(2)5/2—)4(.Tl9/2, respectively.
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Figure 8: Radioluminescence spectra of the Nd** doped PbTa,0s phosphors, (a) near-infrared emissions, (b)
visible emissions.
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In Figure 9, the CIE chromaticity diagram of
PbTa,06:Nd** under X-ray excitation, and CIE
coordinates are given in Table 1. On the basis of the
RL spectra, the CIE parameters of all the phosphors
were obtained. Usually, the CIE diagram is created
using PL emissions, but CIE coordinates can also be
presented based on RL spectra as in our previous
studies (48, 50). Although there are small coordinate

CIE 1931

520

540
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shifts between PL and RL due to the excitation
source difference, basically very close values can be
obtained. Consequently, the blue region coordinates
of Nd3** doped phosphors excited by the strong
excitation source or X-ray in the CIE diagram
correlate with the visible region transitions
corresponding to 2F(2)5/2—)4F9/2, 2F(2)5/2—)2H(2)11/2,
2F(2)52-*Gsy2, 2F(2)52-*G72 and 2F(2)s2-*Gepe.

0.28

1.5 3
: 05 °
10
Nd®*

620

Figure 9: Radioluminescence spectra of the Nd** doped PbTa,0¢ phosphors, (a) near-infrared emissions, (b)
visible emissions.

Table 1: CIE color coordinates of PbTa,06:Nd** phosphors under X-ray excitation source.

Nd3* CIE coordinates
conc. (%) y
0.5 0.2762 0.2684
1.5 0.2827 0.2769
0.2967 0.2763
0.2836 0.2696
0.2807 0.2649
10 0.2705 0.2627
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4. CONCLUSION

The structural and spectral properties of Nd** doped
PbTa.O¢ phosphor fabricated by the conventional
solid-state route were investigated in the study. In
the XRD results, the single-phase structure Nd3*
doped PbTa,Os with tetragonal tungsten bronze
symmetry were determined between 0.5 and 10 mol
% concentrations. SEM micrographs of the grains
showed shapeless morphology and the grain sizes
varied from 0.5 to 7 pm. EDS results supported
some evaporation of Pb during sintering and
preservation of the single phase in the structure,
similar to the reported studies. The absorption and
band gap of PbTa,0s host was in agreement with the
literature, while the absorptions of Nd3* doped
phophors shifted the low band gap energy. The PL
emissions in near-infrared region were monitored
with the 4F3/2—)4|9/2 and 4F3/2—)4|11/2 transitions at 875
nm, and at 1060 nm of Nd3*, respectively. The RL
emissions of PbTa,0s:Nd>** phosphors were observed
by the 4F3/2—)4|9/2, 4F3/2—)4|11/2 transitions in the NIR
region, and the weak transitions of the 2F(2)s,—*Fg,
2F(2)s52=*H(2)1112, 2F(2)52-"Gspa, 2F(2)s52-*Grp,
2F(2)s2>*Gg;z in the visible region. The strong NIR
emissions occurred for the *Fs;—*%lo, transition in
both PL and RL, while the the PL and RL emissions
decreased over 5 mol% Nd** due to the
concentration quenching. CIE coordinates obtained
based on RL emissions were found close to the blue
region. The similarity of splitting levels are evident
in the PL and RL spectral profiles may be associated
with the similarity of the local symmetry of the
ligand ions surrounding the Nd3* ion. The Nd**
doped PbTa,0¢ ceramic phosphors with near-infrared
luminescence of *Fs;,;—%lg, transition may be helpful
in future research and photonic applications.
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	Figure 1: XRD results of undoped, and 0.5, 1.5, 5, 7, 10 mol% Nd3+ doped samples.
	3.2. Near infrared photoluminescence of Nd3+ doped PbTa2O6 phosphors
	Figure 5(a,b) shows the absorption spectra and the band gaps for undoped PbTa2O6 and 1.5, 5, 10 mol% Nd3+ doped phosphors. In Figure 5a, the absorption spectrum of undoped PbTa2O6 reached the peak value around 275-280 nm, and the band gap was estimated to be 3.7±0.2 eV. Tauc Plot method [46] was used to determine optical band gaps utilizing absorption spectra of undoped PbTa2O6 and Nd3+ doped phosphors. In the literature, the energy gap of PbTa2O6 is reported by some researchers as 3.7 eV (43) and 3.6-3.9 eV (47), which are consistent with the energy gap found in the study. The optical absorption of phosphors affected by Nd3+ concentration and shifted to visible region. In Figure 5b, the optical band gap of PbTa2O6 host exhibited a decrease with Nd3+ concentration. The band gaps of the phosphors were found as 3.3±0.2, 3.2±0.2, and 3.1±0.2 eV for 1.5, 5, and 10 mol% Nd3+ concentrations, respectively. The RE3+ ion doping can cause increased structural defects in the host lattice and localized states in the band gap, which decreases the energy band gap (48-50). The change in the optical band gap can be explained by the Burstein-Moss phenomenon (51). Accordingly, the dopant ions can cause the formation of subbands in the available band gap, so that the improvement in the conduction property, which becomes continuous depending on the density in the subbands, and eventual merger with the conduction band can occur.
	
	Figure 5: The absorption spectra (a) and the band gaps (b) for the PbTa2O6 host and PbTa2O6:xNd3+ (x=1.5, 5, 10 mol%) phosphors.
	
	Figure 6: NIR photoluminescence of PbTa2O6:xNd3+ (x=0.5, 1.5, 3, 5, 7, 10 mol%) phosphors by diode laser under 800 nm excitation.
	
	Figure 7: NIR photoluminescence variation of Nd3+ doped PbTa2O6 phosphors depending on doping concentration.
	The NIR photoluminescence spectra of PbTa2O6:xNd3+ (x=0.5, 1.5, 3, 5, 7, 10 mol%) phosphors under the excitation of 800 nm using a laser diode are shown in Figure 6. The NIR emissions were recorded corresponding to the 4F3/2→4I9/2 and 4F3/2→4I11/2 transitions at 875 and 1060, respectively. The 4F3/2→4I9/2 transition (at 875 nm) is a potential laser transition that appears to be more intense than the 4F3/2→4I11/2. Figure 7 shows the change of NIR emissions of PbTa2O6:Nd3+ phosphors depending on doping concentration. As seen in Figure 7, the NIR emission of the phosphor increased up to 5 mol%, and then decreased at 7 and 10 mol% due to the concentration quenching effect. An increase in Nd3+ concentration will lead to a shortening of the distance between Nd3+-Nd3+, where the cross-relaxation mechanism is increasingly important (21,32). Thus, the decreasing distance between Nd3+ ions will make the cross-relaxation mechanism more effective over 5 mol% Nd3+ concentration, and the probability of non-radiative transitions will be higher. The critical distance (Rc) for concentration quenching will be important, as the decreasing distance of Nd3+ ions will promote non-radiative energy transfer. The Blasse's equation (1) estimates the energy transfer between Nd3+-Nd3+ ions (52):
	(Eq. 1)
	Where V is the unit cell volume, N is the number of available sites for dopant ion, Xc is the critical concentration of dopant ion. For PbTa2O6:Nd3+ phosphor, it is Xc =0.10 mol ion in the unit cell (for 0.05 mol Nd2O3), V=604.5 Å3 (37), and N=5 (6). The critical distance (Rc) between Nd3+–Nd3+ ions for energy transfer was calculated as 13.22 Å. Based on Blasse's theory (53), since the Nd3+–Nd3+  distance is larger than 5 Å, the effective mechanism will be the multipolar interaction or the mechanism of exchange interaction will ineffective.
	3.3. Radioluminescence of Nd3+ doped PbTa2O6 phosphors
	Figure 8(a,b) shows the near-infrared and visible region RL emissions under X-ray excitation of PbTa2O6:xNd3+ (x=0.5, 1.5, 3, 5, 7, 10 mol%) phosphors. In Figure 8a, the strong NIR emissions peak about at 875 nm arise from the 4F3/2→4I9/2 transition, where the splits are observed in the range of 840–950 nm. Also, the weak emission peak is seen around 1065 nm corresponding to the 4F3/2→4I11/2 transition. The near-infrared emission of the X-ray-excited mechanism exhibited a decrease at 7 and 10 mol% concentrations, similar to PL. As well known for Nd3+, each energy level can be subdivided into 2J+1 sublevels by the local crystal field around the Nd3+ ions, but the overall energy level structure of the Nd3+ ion does not change greatly in different hosts, because the 4f electrons are shielded by the outer shell 5s2 and 5p6 electrons (54). On the other hand, impurities such as a secondary phase can cause differences in splitting levels or Stark components where the local symmetry of the ligand ions differs (22-24). As seen from the RL emission spectra in Figure 8a, the 4F3/2→4I9/2 manifold of Nd3+ ions are splitted due to the symmetry of the PbTa2O6 cation sites, and the splitting levels are similar in the spectral profile. This phenomena may be attributed to the similarity of local symmetry of ligand ions surrounding the Nd3+ ion (28). The weak visible RL emissions of the phosphors between 400-600 nm are seen in Figure 8b. The RL emission bands originated from 4f-4f transitions of Nd3+ about at 430, 455, 490, 525, and 570 nm correspond to the transitions of the 2F(2)5/2→4F9/2, 2F(2)5/2→2H(2)11/2, 2F(2)5/2→4G5/2, 2F(2)5/2→4G7/2, and 2F(2)5/2→4G9/2, respectively.
	
	Figure 8: Radioluminescence spectra of the Nd3+ doped PbTa2O6 phosphors, (a) near-infrared emissions, (b) visible emissions.
	In Figure 9, the CIE chromaticity diagram of PbTa2O6:Nd3+ under X-ray excitation, and CIE coordinates are given in Table 1. On the basis of the RL spectra, the CIE parameters of all the phosphors were obtained. Usually, the CIE diagram is created using PL emissions, but CIE coordinates can also be presented based on RL spectra as in our previous studies (48, 50). Although there are small coordinate shifts between PL and RL due to the excitation source difference, basically very close values can be obtained. Consequently, the blue region coordinates of Nd3+ doped phosphors excited by the strong excitation source or X-ray in the CIE diagram correlate with the visible region transitions corresponding to 2F(2)5/2→4F9/2, 2F(2)5/2→2H(2)11/2, 2F(2)5/2→4G5/2, 2F(2)5/2→4G7/2 and 2F(2)5/2→4G9/2.
	
	Figure 9: Radioluminescence spectra of the Nd3+ doped PbTa2O6 phosphors, (a) near-infrared emissions, (b) visible emissions.
	4. CONCLUSION

